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A complexity of shapes symbolizes the 
maze of products found at this year's 
IRE Show. Included are: a comb structure 
transistor (p 116); a cable that takes 
more stresses (p 124); a Nuvistor that is 
now commercially available (p 118); and 
a new tube that prints on dielectric ma­
terial (p 122). In addition, close to 300 
products, most of which are being dis­
played at the IRE show, are described 
in this issue's New Products Department.
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Radar Views Atlas Launch p 
Missile Test Chamber p
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A WIDE VARIETY OF BORES AND STACK HEIGHTS, widths and diameters 
available from existing laminations. Below are some examples. Let us know your needs.
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Clifton Heights, Pa

NEW DIMENSIONS

MOUNTING AND HOUSING DIMENSIONS TO ORDER. Here are a few typical 
configurations obtainable In aluminum, stainless steel, beryllium or zirconium alloys.

WSIT US IN STUDIO K 
3arbizon-Plaza Hotel 
luring the National IRE Shov 
Mew York City March 21 24

SIZE 37
Accuracy: ±4' max. error.

SIZE 28
Tandem unit Transmitter and Resolver.

SIZE 23
Leads and terminals.

CLIFTON PRECISION PRODUCTS CO., INC
Home Sales Office: 9014 West Chester Pike, Upper Darby. Pa TWX Flanders Pa 112
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Sidelights Of This Issue

A task force of ELECTRONIC DESIGN 
eJitors descended on Philadelphia to 
over the recent Solid-State Circuits 
Conference. From the moment they ar­
rived, six ED editors were kept busy in 
o whirl of activity . . . distributing re­
prints of an ELECTRONIC DESIGN 
Tunnel Diode Report . . . interviewing 
top engineers and physicists from vari­
ous parts of the world . . . attending as 
many as five concurrent panel sessions 
held during the evenings, sessions at 
which the experts often let down their 
hair . . . and fulfilling requests for the 
much-in-demand exclusive ELECTRONIC 
DESIGN reprint, ‘‘Designing With Tun­
nel Diode."

One problem that the editors had 
envisioned failed to materialize. They 
feared that there would be some diffi­
culty communicating with foreign visi­
tors. It turned out that many of the 
gentlemen from other countries spoke 
impeccable English.

In a few cases, it was necessary for 
one ELECTRONIC DESIGN editor, a 
multi-lingual chap, to conduct interviews 
in German. Needless to say, he was 
quite successful.

Perhaps the most pleasant surprise for 
those attending the conference was the 
unexpected appearance of Dr. Leo 
Esaki, Japanese scientist of tunnel diode 
fame. The language barrier prevented 
any extensive interview with the smiling 
visitor, though it may be pointed out 
that, in his case his achievements speak 
for themselves. He certainly seems to 
speak the same language as IBM.

Of course, tunnel diodes dominated 
the scene at the conference. The editors 
were kept hopping at the evening ses­
sions, many of which were held con­
currently.

ELECTRONIC DESIGN'S News Sec­
tion contains a comprehensive round-up 
of the conference. Included are detailed 
presentations on tunnel diodes, mag­
netic films, and solid-state advances in 
microelectronics. The staff is indeed 
pleased to bring design engineers this 
most thorough coverage.

A preview of new products that IRE 
exhibitors recently announced appears 
in this issue. These products—some of 
them exclusive "firsts”—were sent to 
EL CTRONIC DESIGN on a special re- 
iecse basis. Over 200 of them appear 
in the New Products Department, in 
ad fition to the regular products that 
yo always look for.

RAYTHEON METAL ENVELOPE
16 RADAR DISPLAY TUBES

meet your design needs better and faster
★ AVAILABLE immediately in production quantities

★ AVAILABLE with aluminized faceplates

★ AVAILABLE with all standard radar phosphors

★ AVAILABLE with special infrared-stimulable 
storage phosphors (for true-motion trail indication)

Every design advantage of metal-envelope 
CRT’s is yours with Raytheon radar display 
tubes. You get more usable cabinet space 
and can cluster more components behind the 
tube. And Raytheon metal-envelope tubes 
are lighter, too — weigh five pounds less 
than equivalent 16" glass envelope CRT’s. 
The rugged metal envelopes withstand 
plenty of rough handling and vibration, and 
provide a solid rim around the faceplate that 
simplifies mounting assembly design.

The faceplate of a Raytheon metal­
envelope CRT is precision-curved plate glass, 
carefully controlled in production to assure 
absolute uniform thickness — more accurate 
for optical reflection plotting.

Choose from stock tubes listed below — 
available with all standard radar phosphors 
and special infrared-stimulable storage phos- 

i phors — or let Raytheon’s custom engineer- 
k ing service assist you in developing or adapt- 

ing a tube to meet specific new applications. 
Write direct to Dept. 2527.

►

TYPICAL CHARACTERISTICS

Type Focusing Method
Deflection 
Method

Deflection 
Angle

1
Collector 
Voltage

Grid #2 
Voltage

Grid #1 
Voltage

Focus Current 
(JETEC 

Coil f 109)
Overall 
Length

Overall 
Diameter

Screen 
Diameter

16ADP magnetic

magnetic 53° 12,000 Vdc 300 Vdc -33 to
-77 Vdc

95 ma. 21 W 15%" 14H"CK1352
high-voltage 
(3300 to 4300 
Vdc)

CK1353
low-voltage 
(-135 to ±400 
Vdc)

INDUSTRIAL COMPONENTS DIVISION
53 Chapel Street, Newton 58. Massachusetts

Los Angeles — Normandy 5-4221 Dallas — Fleetwood 1-4185 Chicago — National 5-4000 Orlando — Garden 3-1553 New York — Wisconsin 7-6400
San Francisco—Fireside 1-7711 Kansas City — Plaza 3-5330 Cleveland — Winton 1-7716 Baltimore —Southfield 1-0450 Boston - Bigelow 4-7500 
GOVERNMENT SALES: Boston — Bigelow 4-7500 • Washington, D.C. — Metropolitan 8-5205 • Dayton — Baldwin 3-8128
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KAY Ite Most Complete
Line of High Frequency Attenuators

Provides Digital Readout of Attenuation, 0-119 db

Pati

ELECT

E ECTI

Conn.
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Prediction Of Receiver Intermodulation From Simple Measurements .
Extrapolation aids prediction—W. M. Rogers, H. L. McKinley, C. E. Blakely

Amplitude-Modulation Techniques For Class-C RF Amplifiers
A roundup of the most popular AM system—N. Wesler, J. Fokins

Graphical Solution Of The Resonance Equation Speeds Circuit Design ...
Using graphical methods, solve resonance equation in seconds—P. R. Alminger

Resistance-Value Curves Simplify Line-Amplifier Design
Curves for designing a highly stable balanced amplifier

HowTo Design A Voltage Divider Network With Constant Input Impedance
Simple equations, tables and an illustrative example are included—G. Lang

Line-Type Modulator, Part 3...............................................................................
Procedure for designing high-powered pulse modulator circuitry—I. Limansky

Fast Readout Has Self-Contained Memory.............................................
A flexible, visual readout using stroboscopic illumination of characters

An Industrial Designer Discusses, Part 3 .................................................
Four examples illustrating the redesign of cases and housings—P. Wrablica

Nuvistor Tube Becomes Commercially Available...............................
Diverse applications include airborne and medical diagnostic equipment

Comb Structure Makes High-Frequency, High-Power Transistors............
Unusual emitter structure gives this transistor high power at high frequencies

Design Miniature Ovens With Close-Temperature Control............
Theoretical and practical aspects of temperature control—F. J. Cheli

How A Digital Servo Loop Operates.............................................................
Hybrid analog-digital device nulls shaft position error—H. B. Steinhouser

A Methodology For Interference Prediction...................................
Factors involved in interference prediction techniques—W. B. Floyd

Tube Prints Directly On Non-Sensitized, Dielectric Material
The tube has both commercial and military applications

Improved Products And New Ones Await Inspection At The IRE Show
Survey covers highlights of various product categories

Wires, Cables Take More Stress With Improved Insulation
Key to process is “fiber orientation.”

Multi-Headed Transistors Help Miniaturize Circuits..........
Combinations made of any transistor type or types now in use

Prediction Of Transmitter Intermodulation From Simple Measurements
Technique to predetermine interference—R. N. Bailey, C. E. Blakely

Three-Dimensional Packaging Method Permits Quick Servicing
Has small and large-circuit programing applications
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How To Get Your Money’s Worth Out Of The IRE Convention
An Editorial
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Liquid Cooling And Simpler Circuits Shrink Cost Of Microwave Oven ..
Simple “tricks” can save money. Sometimes, complete redesign is necessary

KAV
ROTARY SWITCHABLE

Dept. ED-3 • Maple Avenue • Pine Brook, New Jersey • CApital 6-4000

See us at the IRE Show—Booths 3512, 14, 16, 18

0O'
(DIRECT READING DIGITAL)

Standard Toggle Switch Models, 0-101 db

Fixed Zero or 10 db Insertion Loss • Choice of 50, 70, or 90 ohm Impedance 
• Improved Accuracy—Reduced Maximum Error

High Frequency Switches—Solid Silver Contacts Set in Teflon • 1% Carbon Film Resistors

The three models of Kay DRD Attenuator», listed at the right hand side 
of the table, offer the convenience of a direct-reading dial. Attenua­
tion can be varied from 1 db to 119 db in one-db steps by operating 
two rotary switches. The standard Kay Attenuators operated by six or 
nine toggle switches are listed at the left. All models are set in light­
weight cast bronze housings and offer reduced maximum total error 
and a negligible Insertion loss.

NS LOSS 008

ijtor

Attenuator
MODfl 40 0

K*V EieCTHtC co
PINS »hook.n.j^

AU nrlcM f.o.b. fac*ory.

f STANDARD TOGGLE SWITCH MODELS---------- >f“DRD MODELS-^
MODEL CAT. NO. MODEL CAT. NO MODEL CAT. NO. MODEL CAT. NO.

20* 430-B
21* 440-B
223 450-B

20-0* 431'3
21-0* 441P
22-0* 451-3

30-0* 432-0
31-0* 442-C
32-0 452-C

40-0* 433-A
41-0* 443-A
42-03 453-A

zin *out *50 ohms nom. *70 ohms nom. 90 ohms nom.

OB Switched 41 db in 6 steps 101 db 
in 9 steps

119 db total 
in 1 db steps

Steps 20 db, 10 db, 5 db, 3 db, 
2 db I db

Same as 41 db 
units, plus 3 

extra 20 db steps
1 db and 10 db

INSERTION 
LOSS 10 db Zero db at low frequencies; approx 0.1 db 

at 250 me; approx 0 2 db at 500 me
Maximum Total 
Error (includes 
insertion loss)

At full attenuation 0 5 db at 250 me;
1.2 db from 250 to 500 me

BETTER ACCURACY AT LOWER FREQUENCIES

At full attenuation J 9 db at 250 me 
2.0 db from 250 t 500 me

AND OR USING FEWER ATTENUATION STEPS
Frequency 

Range DC to 500 me; useful to 1000 me

SWR 1.2 max. up to 250 me; 1.4 max., 250 to 500 me
Maximum Power Vi watt

Connectors BNC type UG-185 U
Dimensions 2" x 7" x 2" 2" x 9H" x 2" 5" dia. x 2'm"

Weight 2 lbs. 3 lbs. 4 Vi lbs.
Prices $75.00 1 $70.00 $100.00 $225.00

NOTE: Kay Attenuator, can be made on special order in 0 5 db steps, and to customer’s 
choice of insertion loss, attenuation range, and impedance ratings

Write for New Kay Catalog
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PHASE SHIFTERS SINGLE SIDE-BAND MODULATORS

HIGH-SPEED FERRITE

LOAD ISOLATORS CIRCULATORS

i;r\

SWITCHES AMPLITUDE MODULATORS

This immaculate attention to detail is why 
Rantec microwave ferrite 

components have their reputation 
as the most dependable 

and predictable in the field.
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There is a “quicksilver" in all research 
and development. This elusiveness is greater in 

the design of microwave ferrite components 
than in any other electronic field.

The engineer must be able to say: "It works, but not 
consistently enough" or "It works, but not well 

enough." It then becomes 
a matter of knowledge, 

patience, originality, 
time and testing until the device meets the 

necessities of its 
application 

and 
meets 

them consistently.

ISO-DUPLEXERS

SEE RANTEC AT THE PLAZA HOTEL DURING THE IRE SHOW 
CIRCLE 4 ON READER-SERVICE CARD

corporation
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Midas satellite nears top of missile gantry shortly 
before unsuccessful test shot from Cape Canaveral Feb. 
26. IR detection of hostile missile launchings is the 
satellite's mission. Planned system calls for a network 
of surveillance satellites in polar orbits at 100 to 200 
mi altitude.

4

Air Force Pushing Midas Satellite Project
With Hopes Pinned on New Tests

and Budget Increase
Tec 
a 1 
3,00

Despite the failure of an initial Project Midas 
satellite test shot from Cape Canaveral, the 

Air Force hopes to step up activity on this pro­
gram. As planned, Midas would consist of a net­
work of infrared surveillance satellites capable of 
spotting hostile missiles seconds after launching.

The unsuccessful shot was the first in a 
planned series of attempts to orbit an instru­
mented test satellite from Canaveral, and later 
from the Pacific Missile Range. If the Midas 
vehicle reaches orbit and successfully spots a 
subsequent missile launch from the Cape, the 
program will undoubtedly gain stature in the 
eyes of Government budget planners, industry 
observers believe.

The Air Force is pinning its hopes on such a 
success and on a favorable reaction from the 
House Space Committee, which has been look­
ing into Midas. Lt. Gen Bernard A. Schriever, 
commander of the Air Research and Develop­
ment Command, has commented that the Penta­
gon will decide soon whether to ask for increased 
funds for the program. Congressional reaction to 
testimony on Midas (which stands for Missile 
Defense Alarm System) will be a major factor 
in this decision, an Air Force spokesman told 
Electronic Design.

“Less than $100 million,’ has been appropri­
ated for Midas for the present fiscal year, ac­
cording to General Schriever. Unofficial estimates 
place the figure at about $60 million, with $100 
million more presently earmarked for fiscal 1961.

Midas critics have attacked what appear to be 
some weaknesses in the infrared surveillance con­
cept. Burning flares on railroad cars might be 
used as countermeasures against the detection 
net, they say. Another comment is that too many 
satellites will be required for effective continu­
ous surveillance of all possible launch sites.

The ability to launch missiles from submarines 
complicates this surveillance problem, because 
vast ocean areas become possible launch sites.

Additional surveillance orbits may have to be 
added to the program to counter undersea 
launching capabilities.

Significantly the Polaris, this country’s under­
water-launched missile, was to be used as the 
first missile to be spotted by a Midas satellite 
in the unsuccessful test. But like the Midas, it 
also failed. The Midas shot failed presumably 
because the second-stage Agena-B rocket did not 
detach from the first-stage Atlas booster. The 
Polaris weaved erratically and was destroyed by 
the range safety officer.

Secrecy surrounds infrared developments for 
Project Midas. Engineers working on the project 
are unwilling to discuss the problems involved 
because of the security consideration.

Other engineers and scientists working with 
infrared, however, explain that much of the work 
on Midas involves translating known principles 
into useful hardware. Although many tough 
problems face Midas instrumentation designers, 
the general approach to solutions is well-defined 
by the present state of the art, these IR workers 
feel.

Special Filtering Techniques Are Available

Various techniques are known for infrared sur­
veillance of large areas with the ability to pin­
point intense heat sources. These spacial filtering 
methods include the use of mosaics, or groups of 
detectors, each covering a small portion of the 
angle of view. Scanning of the outputs of indi­
vidual detectors, or selective cancellation of in­
dividual outputs from a total signal might be 
used to find a point of intense radiation.

Electronic scanning tubes are also a possibility 
for this purpose, although sources indicated that 
these are not planned for Midas satellites. Image 
orthicons are probably too fragile for launching 
shocks, but vidicons can be made very rugged, 
one engineer commented.

Positive identification of intense heat sources
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a 15,000-lb thrust engine and 
3,000-lb instrumenl payload.

To find out how a kin tel digital system can solve your particular 
data acquisition problem, send us an outline of your require­
ments, or contact your nearest kin tel engineering representative.
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5725 Keatny Villa Road, San Diego 12, California 
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is a much tougher demand, 
distinguish between missile

The satellite must 
flames and other

sources, such as blast furnaces, chemical ex­
plosions or power plants. Possible countermeas­
ures, such as burning flares on railroad cars, must 
also be considered.

Burning missile fuels have unique wavelength 
signatures, or distributions of radiated energy by 
frequency, so that spectral analysis is a logical 
approach to this problem, engineers pointed out. 
A received infrared signal could be split with 
gratings or optical filters, one IR designer said, 
and the energy distribution by frequency ana­
lyzed. Data processing techniques could be used 
to compare the received signal with the known 
characteristics of burning missile fuels, so that 
data from suspicious targets could be selected for 
telemetering to ground stations.

For high-accuracy
data logging ..to checkout 

missiles or meters, to test transducers 
or transistors... checkout a

KinTel digital 
system

Infrarimetry Promises Identification

Very precise analysis of this type might result 
from work on a new technique, called infra­
rimetry, now being researched at General Elec­
tric Co. Principles of the well-developed science 
of colorimetry in the visible spectrum are being 
adapted to work in the infrared region.

In colorimetry a color being analyzed is broken 
up into three components, or color channels, with 
handpass filters. The channels are chosen mathe­
matically by means of tri-stimulus coefficients, 
which have been optimized for use in the visible 
spectrum. Variations in any one of these three 
channels can then be used to detect extremely 
minute changes in the color under analysis.

Infrarimetry has not been developed to this 
degree of precision, although GE researchers be- 
li ve further effort will be fruitful. Practical op- 
ti- 'S, detectors and filters to meet specific require- 
frents are not always available, so that work is 
n< w in the stage of finding the best compro­
mises, according to one project engineer.

Precision distinctions, such as might be pro-

This system, one example of 
KIN TEL’S digital system 
experience, takes eight meas­
urements at each of 7200 
different data points. Outputs 
include visual readout, 
digital printer, X-Y recorder, and 
tape punch. Tape is perforated 
for direct entry into a digital 
computer. To provide 0.01% 
accuracy for low-level inputs, 
alternate channels scan calibra­
tion signals. These, with the 
unknown input signal, are fed 
to the computer and correction 
is made for any inaccuracy 
in the system itself.
Cost: about $20,000.

This data system consists of 
a KIN TEL 453M scanner and 501 
DC digital voltmeter, plus a 
parallel entry printer. Briefly, the 
system will accept 400 one-wire, 
200 two-wire, or 100 four-wire 
inputs, and will provide both 
visual and printed indication of 
the channel being scanned 
and DC input signals from ±100 
microvolts to ± 1000 volts.
Accuracy is 0.01% ±1 digit, and 
ranging and polarity indication 
are automatic. The complete 
system costs approximately 
$6850. At the present time, 
delivery is off the shelf.

KIN TEL
DIGITAL SYSTEM

CAPABILITIES

You can have any number of channels: 
A single 453M scanner ($2500) 
accepts 400 one-wire, 200 two-wire, 
or 100 four-wire inputs. Additional 
scanners can be added if more in­
puts are required.
You can measure DC from ±| to 
±1000 volts: The kin tel 501 DC 
digital voltmeter ($2995) measures 
from ±100 nN to ±1000 volts. Addi­
tion of a kin tel digital preampli­
fier increases sensitivity to 1/w DC.
You can measure AC from 10 /zv to 
1000 volts: Addition of a 452 AC con­
verter ($850) to the 501 DC digital 
voltmeter permits measurement of 
RMS AC voltages from 1 mv to 1000 
volts in the frequency range of 30 
cps to 10 kc. A kin tel preamplifier 
can be added to increase AC meas­
urement sensitivity to 10 /w from 
30 cps to 2 kc.
You can measure DC/DC and AC/DC 
voltage ratios: The 507B digital volt- 
meter/ratiometer ($3835) measures 
DC voltages from ±100 /zv to ±1000 
volts and DC/DC ratios from 
.0001:1 to 999.9:1. Accuracy is 
0.01% ±1 digit. Addition of an AC 
converter permits AC/DC ratio 
measurements.
You can get 0.01% DC and 0.2% AC 
accuracy: The kin tel 502 AC/DC 
digital voltmeter ( $3845 ) measures 
DC from ±100 /zv to ±1000 volts 
with 0.01% ±1 digit of reading 
accuracy; and AC from 1 mv to 
1000 volts, 30 cps to 10 kc, with 
0.2% of full scale accuracy.
You can have 10,000 megohm input 
impedance: The kin tel 458A digital 
voltmeter preamplifier ($1225) has 
gain positions of 100 (for DC and 
30 cps to 2 kc AC measurement) 
and +1 HI Z (for DC only). On the 
+ 1 gain position input impedance 
is >10,000megohms and gain accur- 
racy is 0.001%. Input range for +1 
operation is 0 to 40 volts.
You can have visual, printed, or any 
other form of output: kin tel digital 
voltmeters provide visual indication 
of the measured quantity on a single­
plane in-line readout. They are cap­
able of directly driving commerci­
ally available 10-line parallel input 
digital printers. Converters are avail­
able for driving other types of print­
ers, paper tape punches, typewriters, 
and IBM card punches.
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RACK MOUNTING PRECISION

DC/AC DIFFERENTIAL VOLTMETER
CONVENIENT COMBINATION OF

GE H

Write for detailed specifications, or contact our engineering representative in your area.
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PORTABLE, PRECISION DC/AC 
DIFFERENTIAL VOLTMETER 
The Model 803 embodies the same 
features as the 803R. PRICE >845.00

Accuracy 0.2% of input voltage 
Converter frequency response 
30 cps to -5 kc
Measures RMS value of true 
sine wave

Getting as much radiation as possible to the 
detector is an important phase of the Midas pro­
gram, a West Coast engineer commented. He 
pointed out that infrared sensors received much 
more radiation from the rear than they do from 
the front of a jet engine. Similarly, he said, a 
missile flame will be directed away from the 
detection satellite, and the body of the missile 
will block much of the radiation.
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vided by infrarimetry, might be used to distin 
guish between actual missile launches and simi­
lar hot sources used as countermeasures agains. 
the satellite detection net. The technique inigh 
also provide precise data on fuels being used.

Lead-sulfide detectors operating in the 3- 
micron range seem a logical choice for Midas 
satellites, according to one IR physicist.

This wavelength offers the least atmospheric 
attenuation of any of the infrared windows, he 
commented. The 8-to-13 micron range is a wider 
atmospheric window, but peak radiation from 
very hot sources occurs at shorter wavelengths, 
the physicist explained. A handy figure for use 
here is 2880/T = wavelength in microns of peak 
radiation, where T is the temperature of the 
source in degrees K.

Thus a radiation source at 6,000 K would 
transmit peak radiation at 0.48 microns. An ocean 
or ground temperature of 300 K, or 27 C, would 
give peak radiation at about 9 microns.

Optical materials are well developed for this 
wavelength range, so this would not offer a prob-

SELECT THE MODEL BEST SUITED TO YOUR NEEDS
Rack mounting or portable; ease of operation, and inherent protection from 
accidental overload, plus high accuracy and resolution, assure equal suit­
ability for production line testing or precision laboratory measurements.
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3,000-lb Payload Must Orbit

Instrumentation for meeting these require­
ments of the Midas program has to be heavy, en­
gineers commented. That’s why the payload for 
the Canaveral test shots adds up te) about 3,000 
lb and the Atlas booster, supplying about 360,­
000 lbs of thrust, is being used to put the 
Agena-B satellites into orbit. Reliability of the 
Atlas—with 20 straight successful shots—is another 
important consideration.

The Agena rocket, similar to those used as 
Discoverer satellites, is produced by Lockheed 
Aircraft Corp.'s Missiles and Space Div., Sunny­
vale, Calif. It uses a 15,000-lb thrust engine pro­
duced by Bell Aircraft Co.

Operational Midas satellites will be launched 
into polar orbits from Vandenberg Air Force 
Base, Calif. A satellite test center, now being 
equipped by Radiation. Inc., Space Communica­
tions Div., Mountain View, Calif, under a $1.3 
million contract from Lockheed, will be used to

1. DIFFERENTIAL DC VOLTMETER
The Model 803R provider a precision measurement of DC voltages from 0 to 500 volts by comparing 
an adjustable known voltage with the unknown voltage.

2. DIFFERENTIAL AC VOLTMETER
Precision measurement of AC voltages is accomplished in the Model 803R by utilizing the basic D( 
measurement circuitry plus a special AC to DC converter.

3. VACUUM TUBE VOLTMETER
The jf Model 803R may be used as a conventional DC or AC VTVM, a feature frequently helpful when 
making precise measurements of voltage by locating the approximate value of unknown in th' 500 . olt 
spectrum.

Accuracy 0.05% of input voltage
Four search ranges and four null 
sensitivities
Infinite input resistance at null

DIRECT IN-LINE READOUT 
STANDARD CELL REFERENCE 
AUTOMATIC LIGHTED DECIMAL

PRICE >845.00 F.O.B- FACTORY. SEATTLE, WASHINGTON
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Major Contractors—Project Midas

Military Control: Headquarters, Air 
Missile division, Inglewood, Cal.

Prime Contractor: Lockheed Aircraft 
and Space division, Sunnyvale, Cal.

Ground-Space Communications:

Force Ballistic

Corp., Missiles

Philco Corp.,
Western Development Laboratories, Palo Alto, Cal.

IR Horizon Sensing System: General Electric Co., 
Light Military Electronics department, Utica, N. Y.

Satellite Test Center Instrumentation: Radiation, 
Inc., Space Communications division, Mountain 
View, Cal. (about $1.3 million)
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coordinate tracking and telemetry equipment for 
the program. This test center is located near 
Lockheed’s Sunnyvale plant.

Ground-space communications for the program 
will be handled by Philco Corp.’s Western De­
velopment Laboratories, Palo Alto, Calif.

An infrared horizon sensing system, developed 
by General Electric Co., will be used to establish 
a vertical from a satellite to the earth, so that the 
infrared detection system can be constantly di­
rected toward the ground. This vertical reference, 
plus the precisely calculated orbit of a satellite, 
should permit missile launches spotted by the 
satellite to be located geographically by means of 
triangulation. A series of fixes on the hot source 
could establish motion and direction of the mis­
sile, engineers explained.
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GE Horizon Sensing System Classified
Although the GE system designed for Midas is 

still under security wraps, industry sources be­
lieve that the concept of operation is similar to 
that used in a previous infrared horizon sensing 
system developed by Barnes Engineering Co., 
Stamford, Conn.

Two IR horizon sensing units are used in a 
satellite to maintain stability with the Barnes sys­
tem. One of the units contains a reference roll 
axis, and the other a reference pitch axis.

The infrared optics are set to scan conically 
a narrow field of view. The conical scan is di­
rected so that the scanning “beam” is directed 
toward the earth during part of each cycle. At 
the point where the beam crosses from the at­
mosphere to the earth, a sharp discontinuity in 
received radiation is sensed by the infrared de­
tector. When the beam crosses from the earth 
to the atmosphere, another distinct change in 
received radiation is sensed.

These two points in the scan establish an angle. 
T lis angle is bisected and the resultant compared 
with the built-in reference angle. Differences are 
uj ed to trigger valving jets or reaction wheels to 
hrn the satellite until it is again properly on­
er ted. ■ ■

BULOVA CRYSTAL CONTROLLED VARIABLE FREQUENCY OSCILLATORS
Bulova Crystal Controlled Variable Frequency Oscillators are the 
advance in electronics most engineers have been seeking.

Why?... Because Bulova VCF packages combine small size and high 
repeatability with automatic frequency control or with a variation 
of nominal frequency by application of external voltage.

The ranges available extend from lOkc to 20mc. Variation at lOkc is 
up to 6cps, at 20mc up to 12kc. Resolution on these shifts is infinite, 
it’s dependent on stability and resolution of modulating voltage, 
only. Drift, after stabilization, can be kept to less than 1 pp 10*.

These unique crystal controlled variable frequency oscillators are 
only one of many recent advances made by Bulova Electronics. 
For information on these units, or on how Bulova experience 
in mastering component and system reliability can help your 
program, write Department A-1231, today.

Visit our Booth Numbers 1719-1721 I.R.E. Show N.Y.C. Bulova
ELECTRONICS DIVISION • WOODSIDE 77, NEW YORK
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SEMI-CUSTOM
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make 
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AMCO ENGINEERING CO
7333 W. Ainslie Street, Chicago 31, Illinois

Booth #4412 and 4414
CIRCLE 8 ON READER-SERVICE CARD

show this month.
MICRAM means Microminiature Individua

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

THE AMCO MODULAR

aluminum as described in Federal Spec. 
QQ-A-270a.

INSTRUMENT ENCLOSURE SYSTEM

A Amco Custom Line. Removable multi­
panels and cowlings based on 19* incre-
ments of width. Custom, single-unit ap­
pearance for frames mounted in series — 
ideally suited for complex console ar­
rangements. The 191 is* width of frame
saves space in series mounting of frames. 
Constructed of double-channel 16 gauge 
cold-rolled steel. Conforms to EIA
mounting standards.
Amco Semi-Custom Lino. Removable*
multi-width cowlings provide a semi-
custom,, single-unit appearance for 
frames mounted in series. E:Ixtra rugged, 
wide box-type channel frames provide 
greater internal mounting area. 19* wide 
panels of any thickness can be recessed 
— from a flush-mounted position to any 
desired depth. Box type channel con­
struction of 14 gauge cold-rolled steel. 
Conforms to EIA mounting standards.
Amco Aluminum Line. This system of 
aluminum box extrusions and cast 
corners allows easy assembly of cabinets 
in any size from 7* to 20' in height, 
width or depth. Corners and extrusions

■ NGINEIRINC CO

lock together by hand with built-in lock-
ing device. All sizes are standard. Ideal
for stocking and odd-ball sizes. Cast 
and hardened corners of 356-T6 alumi-
num as described in Federal Spec. 
QQ-A-596a. Extrusions of 6061-T6

Amco Accessories. A full line of Amco
integrated accessories such as blowers, 
chassis slides and mounts, lighting, doors, 
drawers, dollies and many more avail­
able for A, B and C shown.
Cost savings. All the above—or any 
part thereof—may be ordered under one 
combined discount schedule base de­
termined by order dollar value. Orders 
received at one time with one delivery 
date may also be combined. Free pre­
assembly by Amco provides additional 
savings in time and installation.
3 wook delivery on all standard parts. 
We welcome inspection of our plant and 
facilities. Send for your free literature 
now.

NEWS

5 Companies
Pool Efforts

Program

Microminiaturization, with component densi
ties of up To 8 million per cu ft and reliable, off
the-shelf components readily available to industr
—that’s what five electronics companies are offer
ing in a joint program called MICRAM. Th<
program will be unveiled at the New York IRI

Component Reliable Assembled Modules.
All of the component parts used in the as­

semblies are standard production items. Price-
are ‘realistic,’ the companies report.

Raytheon Semiconductor Div. supplies the
transistors. Pacific Semiconductors makes the
diodes, and Aerovox Hi-Q Div. the capacitors.
Sylvania Electric Products Lighting Div. supplies
the microminiature lamps. Cleveland Metal
Specialties assembles the modules.

Modules to be displayed at the companies
booths at the IRE exhibition include a flip-flop,
a shift register, a binary divider and a multi-
vibrator. The flip-flop modules have 18 compo-
nents and occupy less than 0.015 cu in. This
packing density can be translated into about 2
million parts per cu ft.
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Pea-sized standard modules like these are being made available in a five-company 
program called MICRAM. Items will be in ready supply at “realistic" prices, the manu­
facturers say.
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INTRODUCING84-Bit Memory Plane a new time
For Airborne Computers

55°C to +85°C

See Hi-G at the IRE Show, Booth No. 2227.

s & R types MICRO-MINJATURE B SERIESSL TYPESSM TYPES

BRADLEY FIELD, WINDSOR LOCKS, CONNTHE ONLY COMPLETE LINE OF BALANCED ROTARY RELAYS

CIRCLE 9 ON READER-SERVICE CARD

dry circuit 
on life and

Contacts may be rated from 
through 10 amperes depending 
load requirements.

There is no relay delay from Hi-G 
send your time delay requirements 
for engineering evaluation now!

Temperatures 
to +125°C.

Vibration:
Shock:

50 MS to 3 minutes or more.
10% and 5% or better.
Single to 4 pole, torm C, stand­

poles available where required

>any 
anu-
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WG or 20G to 2000 CPS.
30G or 50G.

Thin film processes are used by CBS Laboratories to 
make this miniature memory plane for airborne com­
puters. Specifications:

Time Delay: 
Accuracies: 
Contacts:

ard; more

delay relay 
from Hi-G

Latest of a series of microminiature devices 
to come out of CBS Laboratories, Danvers, 
Mass., is a microminiature 84-bit coincidence 
memory plane. Using thin-film processing tech­
niques, the memory plane is designed for air­
borne computers.

In this application, it achieves a 25-to-l volume 
reduction, the company says. It makes possible a 
100-to-l volume reduction over present ground­
based random access memories. Several of these 
memory planes can be grouped together to form 
a large unit. The unit is being made for a major 
electronics systems manufacturer.

Another CBS memory unit is a 2,500-word, 40- 
bit-per-word memory pack. About the size of 
a slice of bread, the device has a storage ca­
pacity in excess of 10,000 bits, CBS reports. 
1 iese bits can also be stacked in multiple units.

CBS has developed a device called the Circuit- 
¡Dek. It consists of a high-temperature ceramic 
lor glass substrate on which highly reliable elec- 
tr mic components are deposited photograph­
ic illy. A number of Circuit-Deks may be com­
bined through an integral interconnecting 
m ithod, thus requiring no hand wiring.

Extensive relay design and electronic 
packaging experience have combined to 
make the line of Hi-G Time Delay Relays 
a product capable of fitting your specific 
requirements!

Utilizing faultless time delay circuitry with 
the existing wide selection of all types of 
its own rotary balanced armature relays, 
Hi-G can design a time delay prototype to 
your individual requirements quickly and 

accurately!

Every quotation is backed by laboratory 

tests for each application at no extra 

cost to you.



PHILCO ANNOUNCES

OUTPUT

2N1495

— 12V

TYPICAL CHARACTERISTICS
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2N1204 • 2N1494

TYPICAL 240 mo SWITCHING CIRCUIT
WITH TURN ON CURRENT OF 20 ma
ANO TURNOFF CURRENT OF >0 ma

TYPICAL OUTPUT
PULSE

•At 25°C case temp.

IMMEDIATELY AVAILABLE

Semiconductor Distributor

LANSDALE DIVISION

SEE US AT IRE BOOTHS 1302-1308

INPUT

06 100 ; 1

INPUT
PULSE

♦ ÔV

(1-

Reg. U. S. PaL Off.

THE FASTEST HIGH-CURRENT
SWITCHING TRANSISTORS!

•••>*•••••a*. fi

In Design Quantities through

TYPE CASE
Pt 

@25°amb. 
(Max)

Vees 
(Max)

Vce(SAT)| Vbe hFE ÍT

Ic-—200ma 
Ib=—lOma

VCE--1V 
Ic-—200ma

Vce=-10v 
lE=25ma

2N1495 T0-9 250mw —30v 0.35V 0.60V 60 320mc
2 N1496 T0-31 *0.5w — 30v 0.35V 0.60V 60 320mc
2N1204 T0-9 250mw —20v 0.35V 0.60v 60 320mc
2N1494 T0-31 *0.5w —20v 0.35V 0.60V 60 320mc

your Philco Industrial

NEWS

Sees Manhattan at Night

2N1495 • 2N1496

These Diffused-base
Transistors are
capable of utilizing
the full speed of
new magnetic film
memory planes

These new Philco MADTs are the result of a revolu­
tionary new development of the Precision-Etch process, 
which gives high switching speed at high currents. They 
are capable of switching 1,00 milliamperes of current at a 
10 me clock-rate... and are the only transistors available
today that permit full utilization of high-speed magnetic
film memory planes. The typical of 120 me at 100 ma
makes these units particularly suitable for video drivers,
pulse line drivers and other high-current switching cir­
cuits. The ultra high-frequency response at the levels
normally encountered in current-switching logic cir­
cuits, coupled with high dissipation capabilities, makes
these units desirable for this class of circuit application.

Both the 2N1495 and 2N1204 are available in studded
versions for higher power applications. Typical char­
acteristics are shown in the accompanying table. For
complete application data, write Dept. ED-360.

PHILCO.
LANSDALE. PENNSYLVANIA

Infrared photograph of Manhattan taken
at night from 4,000 feet with a Recono-
fax camera, designed by HRB-Singer(
Inc. White spots on photo pinpoint in
tense heat sources. Detection of ships'
wakes and sensing of small temperature
differences are also possible with the
IR equipment.
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In circuit with current gain of 10 and voltage turnoff.

□ture
INTERFERENCE FILTERS 
TEMPERATURE MAGNET 

PRINTED NETWORKS
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Also available as special type 2N501A for 

100° C. maximum storage and 

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

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

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

1960 IRE Convention to Mark 
Centennial of Signal Corps

The 100th anniversary of the founding of the 
krmy Signal Cqrps will be marked at next week’s 

J RE International Convention by manufacturers 
of military equipment. They plan to emphasize 
in their displays the steady development of mili­
tary electronic equipment.

Products developed for the military will bear 
stickers at the convention citing the Signal Corps 
centennial. This is one of several new features of 
the meeting, which will be held March 21 
through 24 in New York City.

Another change has resulted in the addition of 
the word “intemationar to the convention title. 
This is to emphasize that IRE has 22 sections and 
6,000 members outside the United States.

This years show will have more than the usual 
educational flavor. Many exhibiting companies 
have announced plans to increase the number of 
technical personnel who will dispense engineer­
ing advice at the booths.

The conference will be in New York,’s Coli­
seum and at the Waldorf-Astoria Hotel. The 275 
papers planned for delivery at both sites will 
cover developments in all of the IRE’s 28 pro­
fessional groups. The papers will be delivered in 
54 sessions. (See program index on p. 68)

About 850 exhibitors will fill four floors of the 
Coliseum and display an estimated $15 million 
worth of the latest electronics equipment.

SPRAGUE COMPONENTS: 

TRANSISTORS • CAPACITORS • RESISTORS

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

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

Because of the electrochemical process, Sprague is able to fabricate a graded-base 
transistor with no intrinsic base region. The Type 2N5O1 can thus maintain its super

MAGNETIC COMPONENTS • 
PULSE NETWORKS • HIGH 
WIRE • CERAMIC-BASE

Planar-Structure Transistor 
Developed By Fairchild

A diffused planar-structure transistor, type 
2N1613, will be introduced at the IRE show by 
Fairchild Semiconductor Corp. The device dif­
fers from mesa types in that both the collector- 
to-base and base-to-emitter junctions are em­
bedded in the top surface of the planar structure.

A significant advantage of the planar struc­
ture, the company reports, is reduced reverse 
eakage: 0.0005 pa ICbo typically at 60 v. A typical 
noise figure of 5 db is said to allow it to be de­
signed into infrared amplifiers, character recog- 
lition preamplifiers, and low-noise video ampli- 
iers. Guaranteed minimum beta of the device 
s put at 15 at 100 pa.

Fairchild has begun production on a line of 
ransistors that incorporate the planar structure, 
detailed information will be presented in a sub- 
equent issue of ELECTRONIC DESIGN. PACKAGED COMPONENT ASSEMBLIES

SEE US AT THE IRE SHOW BOOTHS 2416-2424 
CIRCLE 11 ON READER-SERVICE CARD

SUPER HIGH-SPEED

SPRAGUE 
the mark of reliability

Typical Maximum Units

Rise Time (tr) 9 18 m/xsec

Storage Time (tj 9 12 mpsec

Fall Time (tf) 7 10 m/xsec



Gavin Bids Nation 
Fill Perilous Gap 

In Basic Research
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Organic material can’t contaminate the contacts in the new Couch Type 
2M micro-miniature relay. They’re hermetically sealed in a separate 
chamber — and without rosin flux.

Also contributing to reliability is Couch’s patented rotary armature, 
pivoted on two sapphire jewels and virtually immune to present day levels 
of shock and vibration.

Designs like this, produced within an unusually narrow range of manu­
facturing tolerances, help explain why Couch relays are being called on 
to provide reliability in many complex systems.

Write for additional information.

...................... 50G Min.
. .30G'sto 2,000 CPS 
1000 Volts RMS Min. 
......................875" max. 
..................... 800" max.
.................. 400" max. 
............. 18 ± 1 gram 

........2 form C(2 PDT)

ENGINEERING DATA:
Shock...............................

Vibration........................
Dielectric Strength... 
Height............................  
Width..............................  
Thickness......................

Weight............................
Contact Arrangement

A Subsidiary of S. H. Couch Company, Inc.

3 Arlinpton St., North Quincy 71, Mass. Tel.: (Boston) BLuehills 8-4147

CIRCLE 12 ON READER-SERVICE CARD
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what makes one 
J micro-miniature 

relay more
* reliable

than another?

answer :

SEALED 
CONTACT 

CHAMBER

NEW Couch Relay isolates 
Contacts from Contamination

“This country is not using its innovative 
potential in the most efficient way today 
—a concentrated attack on this problem 
would pay important dividends,” said 
Gen. James M. Gavin in an Electronic 
Design interview. The general, recently 
appointed president of Arthur D. Little, 
Inc., added that the long period neces­
sary before we can realize the pay-off on 
basic research does not fit the short-term 
planning in effect in industry.

“This,” he said, “suggests that a new 
method of cooperation between govern­
ment and industry for the sponsorship 
and use of basic research is indicated. The 
first steps in this direction are already 
apparent in such fields as space and 
nuclear technologies. But many problems 
still exist for more effective use of our 
brainpower. Until we can solve some of 
these problems, we are handicapped in 
our competition with monolithic state 
economies that can concentrate national 
efforts on centrally chosen objectives.”

When asked how large an effort elec­
tronics companies should expend on basic 
research, Gen. Gavin said that only by 
constant additions to our scientific knowl­
edge can the industry produce new ideas 
and radically new products.

“Basic research,” he continued, “is not 
necessary to bring out a different com­
bination of currently known devices, but 
a new device like the crybtron, diode, or 
maser must be preceded by new knowl­
edge.

“Percentage of sales is not a satisfac­
tory measure of the level of basic re­
search, nor, even, as a rule, of research 
and development programs. A more use­
ful approach, and one used by some com­
panies today, is to undertake enough basic 
research to keep new ideas flowing into 
the development groups to maintain a 
steady flow- of new products. This must

Gen. J. M. Gavin, new president of Arthur 
D. Little, Inc. believes that a new method of 
cooperation between government and industry 
for the sponsorship and use of basic research 
is needed.

be determined pragmatically, and errors 
on the high side are probably more de­
sirable than the reverse.

“Without more basic research and the 
rapid conversion of its results into civilian 
products, our economy will not be able 
to glow fast enough to support the de­
mands of this nation’s role as leader of 
the free world.”

In commenting on whether higher gov­
ernment expenditures for basic research 
should be made at the expense of items 
already in the military budget, Gen. 
Gavin said that such expenditures are not 
an alternative to the other activities cov­
ered by the military budget. “By its very 
nature, basic research is looking five to 
twenty’ years ahead. Most of the military 
budget is concerned with shorter-range 
needs such as the maintenance of ade­
quate forces to deal with threats to our 
national security in the next three years. 
The one is not a substitute for the other, 
they are complementary parts of a total 
national plan.”

Gen Gavin’s answers to other questions 
of interest to the electronic industry are 
printed below.

In what areas would you say elec­
tronic research money is most needed 
and can be best spent?
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I.

II.

MICA

the
nomenclature of many types of capacitors. It does not
mean the same “distinguishing or distinctive mark'

source of confusion

1. The specific imprégnant used in the dielectric. is
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It has been the purpose of this article to explore the mean­
ing of the word “characteristic” as it applies to describing 
capacitor differences. While the term is used in a specific 
rather than a general sense, it serves its purpose to describe 
the “Ivory Shoulder” of the capacitor industry.

capacitor types.
An indicator for “characteristic” is found in

Sang wax, and “K” is Etherm. Detailed information 
on these imprégnants is set forth in Sangamo Reference 
Data File—Folio 59-2.
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1.
2.
3.
4.
5.

CAPACITORS The characteristic letter defines the

PAPER CAPACITORS . . , „In the case of Sangamo products, 
this letter tells us:
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“Research money is needed in all areas of elec­
t onics to improve efficiency, increase1 miniaturiza­
ton, and develop new and better techniques. In 
the area of defense needs, electronic research in 
anti-missile requirements and development of 
more sophisticated tracking techniques would 
prove especially useful.”

Can the military electronics systems needed 
in the 1960 s be developed within the existing 
state of the art, or w ill research “breakthroughs” 
be needed?

“As far as the needs of the coming decade can 
be foreseen (and they might change rapidly with 
the swift pace of technology’ today), an “eco­
nomic breakthrough” for more research and de­
velopment can produce hardware within the 
present state of the art that will meet these 
needs.”

Do you think electronic equipment is account­
ing for a dangerously high proportion of total 
military equipment cost?

“The same question could have been asked 
during World War I of the internal-combustion 
engine. When a new technology assumes great 
importance, as is true of electronics today, the 
proportion of cost for it will increase in new pro­
portions.”

How can designers reduce the costs of military 
electronic equipment?

Standardization, better methods of produc­
tion, increased knowledge from research.”

Do we need a new approach to the design of 
military electronic equipment?

Industry’ and government are learning to co­
ordinate simultaneous development of carrier and 
system to produce a single weapon. Such cooper­
ation has come a long way. Similar developments 
in the management of R&D of teams associated 
with a project from the beginning will increase 
efficiency’.”

In your opinion, are the armed forces getting 
their money’s worth in electronics, both in the 
price they pay for the equipment and the use it 
is put to?

Yes, the Government is scrupulously careful in 
checking into such matters.”

Are you in favor of military or civilian control 
of our space program?

’Civilian.”
Would civilian control of our space program 

assure adequate development of military space 
hardware?

“Unquestionably’, yes.”
What military’ needs could be achieved by 

satellites within the next five years?
To name a few: quicker communications, elim­

in ition of line-of-sight limitations on radar, worlcl- 
w de surveillance, weather knowledge and control, 
ar d perhaps anti-missile or retaliatory stations.

( continued on following page)

capacitor 
characteristic 

designation

roios-s'1'
and the story is told that Pelops was the son of

Tantalus and the grandson of Jupiter. He was slain and 
served up before the gods by his own father, who wished 
to test the omniscience of the Olympians. They were not 
deceived, however, and would not touch the cannibal 
feast. But Demeter (Ceres), absorbed in grief for the 
loss of her daughter, Proserpina, tasted of the shoulder 
before she discoverd what it was. Jupiter restored Pelops 
to life, and replaced his shoulder with one of ivory, whence 
the ivory shoulder of the sons of Pelops became a proverbial 
phrase for' the distinguishing or distinctive mark of any­
one, since all the descendants of Pelops bore this charac­
teristic. — Gr««k Mythology

The word “Characteristic” can mean many things in 
the description of capacitors. This article is aimed at 
removing some of the jargon associated with the term 
and clarifying its meaning and application to various 

all types. This is sometimes a 
equipment design engineers.

Typical examples of 
product nomenclatures 

including a “characteristic” 
identifier are:

SBA1H04104 
CB11ND101K 
SMDA1K04104K 
CE34C101E 
CM15E101K03

Items 1 and 3 are Sangamo nomenclatures for impreg­
nated kraft tissue dielectric capacitors. Item 2 is a MIL type 
designation for a button style mica capacitor. Item 4 is a 
MIL type designation for an electrolytic capacitor. Item 5 
is a MIL type designation for a plastic encased, axial wire 
lead mica capacitor.

The important information meant to be conveyed by the 
characteristic letter is shown below for Paper, Electrolytic 
and Mica capacitors.

Folio 60-9
REFERENCE 
DATA FILE

2.
3.

4.

5.

6.

High and low ambient test temperatures.
Minimum insulation resistance at 25’C., and at the high 
ambient test temperature.
Maximum capacitance change (in per cent of the initial 
value) from 25*C. to the low ambient test temperature. 
Voltage (in per cent of rated) that can be applied to 
establish accelerated life performance capability.
Maximum and minimum allowable service operating 
temperatures consistent with normal life expectancy.

ELECTROLYTIC CAPACITORS „The identifier letter spells 
out the working temperature range of the product as maxi­
mum and minimum values in degrees Centigrade. The inher­
ent capability to perform is adjusted by:

a. Selection of insulating separators.
b. Formulation and control of the conductive electrolyte, 
c. Selected processing techniques.

The performance parameters affected are:
At reduced temperature :
a. DC leakage current.
b. Capacitance change (in per cent of the initial room 

temperature value).
c. Equivalent series resistance.
d. Impedance.
At high temperature:
a. Capacitance change (in per cent of the initial value).
b. Equivalent series resistance.

capacitance stability of the unit during one “round trip” ex­
cursion from room temperature to minimum and maximum 
temperatures specified for the capacitor, although it does not 
specify the operating temperature range. It further defines 
the maximum temperature coefficient of capacitance. In the 
case of transmitting types, certain characteristic letters will 
also be associated with a required fifty per cent derating of 
radio-frequency current specified for that type.

The design factors affecting the “characteristic” perform­
ance of mica capacitors are:

a. The physical configuration (style) of the product. But­
ton style capacitors are most stable in the family of 
mica dielectric units.

b. The relative nominal capacitance value in the design 
range. High capacitance values are inherently more 
stable than low values.

c. The electrode design. Styles using electrodes of de­
posited metal bonded to the dielectric plates (silvered) 
are more stable than styles using independent metallic 
foil electrodes.

d. Selection of mica quality.
e. Processing techniques.

SOW-1

SANGAMO ELECTRIC COMPANY, Springfield, Illinois 
-designing toward th
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IR Electronic-Scan TV Pictures 
Produced by Two Methods

TV pictures from infrared images, using elec­
tronic rather than mechanical scanning methods, 
have been produced independently by Philco 
Corp, and Westinghouse Electric Corp.

The systems, using different approaches, Imth 
scan at 30 frames a sec compared with 1 frame a 
sec using mechanical scanners.

A novel selective signal cancellation principle 
allows the Philco system, called Filterscan, to 
operate at room temperatures with conventional 
sensitive, small-area IR detectors. The tube does 
not have the memory capability of a vidicon, 
however.

The phothermionic image converter developed 
by Westinghouse uses a new IR detector-photo­
emitter sandwich element, said to be sensitive and 
fast enough to reproduce moving objects differing 
from room temperature by about 20 F.

NEWS
Is our electronic technology adequate to meet 

these space needs?
Yes, we have the manpower with sufficient 

training to solve the problems involved. Realiza­
tion of the need, courage to make the economic 
breakthrough, and the creativity to improve social 
systems for more efficient research management 
are what we need.”

Semiconductor Window Used
Scanning of the infrared image in the Filterscan 

takes place in a tapered tube with a semiconduc­
tor window at one end and any suitable IR-trans- 
parent material as a second window at the other 
end. From this end the image is focused onto a 
detector.

An electron gun is placed in the tube at an 
angle to the optical path between the two win­
dows, so that an electron beam can be scanned 
over the surface of the semiconductor window.

When this electron beam is off, the entire IR 
image is passed by the window. When the beam 
is directed at a particular point on the semicon­
ductor, however, it partially cancels the IR image 
at that point. This causes a decrease in the ampli­
tude of the voltage from the IR detector at this 
instant.

Scanning of the cancelling spot causes this 
amplitude decrease to vary with time in propor­
tion to the amount of IR radiation at each point 
in the scanned image. This varying voltage de­
crease can be used to modulate the beam of a 
TV monitor, operating in synchronism with the 
cancelling spot to reproduce the IR image.

The cancellation takes place in the semicon­
ductor because of the release of free carriers in-



VERT POS

Square precision molded cases in only two sizes and a single standard

0.2" lead spacing for all values simplify circuit design, guarantee uniformity.

facilitate handling give greater mechanical stability. Package density:

432.000 parts per cubic foot (cl 1000 mmf.

*trade mark

Booth Nos. 2302-2304 
at the IRE Show

TV picture produced from infrared image of the 
letter M with Philco s Filterscan system. The image was 
formed by placing an M-shaped aperture in front of a 
plate heated to 125 C above ambient. Thirty frames a 
sec can be electronically scanned with the detector at 
room temperature in this system.

side the material at the point struck by the 
electron beam. This changes the conductivity and 
thus the absorption coefficient at that point, par­
tially cancelling the transmission of the image, 
according to M. E. Lasser, P. H. Cholet and R. B. 
Emmons of Philco.

An operating Filterscan tube was built, using 
beam current of 0.5 ma with 25-kv anode poten­
tial to produce the cancelling spot. A 150-line TV 
image was produced, although a standard 525- 
line picture could be used if desired, according 
to Philco.

47 -10,000 mmf
200 vdc without derating 
—55 C to 150 C operation

CIRCLE 14 ON READER-SERVICE CARD 
ELECTRONIC DESIGN • March 16, 1960

«WÎFP Wr/eM MORU SÊNSiTlViTT

New Detector Developed
A new three-layer IR detector was developed 

for the Westinghouse phothermionic image con­
verter. In operation this element is cooled to about 
-180 F.

A layer of nickel, less than a millionth of an 
inch thick, is used as an infrared absorbent sur­
face. The center supporting layer, about a mil­
lionth of an inch thick, is made of aluminum 
oxide. It is produced by chemically dissolving the 
aluminum away from a suitably treated piece of 
aluminum foil.

The third surface is a layer of cesium bismuth. 
Photoemissivity of this surface varies with tem­
perature.

When an IR image is focused on the front 
surface of the detector, the resulting temperature 
pattern is transmitted to the photoemissive layer 
through the thin supporting film. Then this sur­
face is scanned with a beam of light, causing elec­
trons to be emitted in accordance with the tem­
perature pattern on the surface. The emission 
variation is used to modulate a TV monitor beam 
in .synchronism with the motion of the light beam, 
according to Dr. Max Garbuny, head of the West­
inghouse research team that developed the sys­
tem.

elastic factors to a minimum.
The integral chemical fusion of stubby elec­
trodes, dielectric and terminals assure these 
units a noise level below the threshold of con­
ventional measurement techniques. The part’s 
physical configuration guarantees a self­
resonance point well into the UHF band.
Other performance characteristics deriving 
from this construction include a mean capac­
ity drift of less than .05% after cycling from 
— 55°C to 125°C when measured at 1 me per 
MIL-C-11272A; capacity change at 200°C is 
less than 4%. Capacitance to 6800 mmf.

The unexcelled reliability of Vitramon® Ca­
pacitors is an inherent characteristic of their 
fundamental design, composition and manu­
facture — a unique process which chemically 
combines fine silver electrodes and dielectric 
into one self-contained homogeneous mono­
lithic unit, requiring no case or hermetic seal.

The low dielectric loss (less than .0006 at 
1 kc) and high resistivity of this dielectric 
are largely due to the fixation of lead ions in 
its glass matrix. The high fluxing power of 
lead oxide firmly binds the chemical constitu­
ents of the body, keeping dielectric loss from

micro-miniature
CERAMIC CAPACITORS

CAPACITORS

Mechanical Characteristics

actual size

P.O Box 544

Unique Construction Offers 
Superior Electrical And

Bridgeport, Connecticut



NEWSUp to 5 megohms in a '/i-watt resistor... 
and better operating 

characteristics, too!

Only the 
WESTON 
VAMISTOR®
offers performance like this!
Here, at last, is a precision metal film resistor which offers 
substantial advantages over all other types—wire wound, 
deposited film, etc. Look at this list of VAMISTOR capabilities 
and characteristics:
• VAMISTOR HANDLES HIGHER WATTAGES. Up to 8 full watts 

at 40 C for Model 9849-2.
• VAMISTOR OFFERS HIGHEST RESISTANCE RANGES. For example, 1.5 

megohms in %-watt size ... 5 megohms, % -watt.
• VAMISTOR HAS OUSTANDING THERMAL CHARACTERISTICS. Runs 

cooler . . . resists thermal shock. Standard temperature coefficient 
doesn't exceed 50 ppm/°C.—lower than Nichrome wire. Also avail­
able with maximum of 25 ppm/* C. Temperature coefficients don’t vary 
over the resistance range.

• VAMISTOR OFFERS UNUSUALLY LONG SHELF LIFE, STABILITY. Exclu­
sive process of fusing element to inside of steatite tube assures long 
life, improved resistance to all environmental conditions.

• VAMISTOR IS MORE RELIABLE; HAS GREATER MEAN-TIME-TO-FAILURE.
• VAMISTOR PRODUCES NO CORONA; IS AS NOISE-FREE AS BEST 

WIRE-WOUND RESISTORS.
• VAMISTOR OFFERS EXCEPTIONAL PERFORMANCE UNDER RADIATION.
• VAMISTOR ACCOMMODATES HIGHER MAXIMUM CONTINUOUS WORK­

ING VOLTAGES.
• VAMISTOR IS VIRTUALLY NON-INDUCTIVE. Capacitance characteristics 

are superior to all other existing resistors.
• VAMISTOR IS SUBJECTED TO STRICTER QUALITY CONTROL THAN 

ANY OTHER RESISTORS.
• THE VAMISTOR LINE CONFORMS TO MIL-R 10509C CHAR. C. Styles 

RN-65, RN-70, RN-75 and RN-80.
For full information, contact your local Weston representative ... or 
write to Daystrom-Weston Sales Division, Newark 12, N. J. In Canada: 
Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: Daystrom 
Int’l., 100 Empire St., Newark 12, N. J.

WESTON

WORLD LEADER IN MEASUREMENT AND CONTROL
CIRCLE 15 ON READER-SERVICE CARD
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Visit us at ths Daystrom Booths IRE Show 
Now York Colisoum March 21-24

MIL 
STYLE

WESTON 
MODEL

WESTON DIMENSIONS

LENGTH DIAMETER

RN-65, 
RI-92 9855-2 0.650 0.235

RN-70, 
RI-94 9852 0.866 0.312

(

RN-75, 
RI-96 9850-2 1.120 0.411

RN-80 9849 2 2.156 0.411

Accessible Local Centers Needed, 
Measurements Symposium Hears

The electronics industry needs regional stam - 
ards and measurements laboratories that are opt n 
to all companies in the industry—those making 
commercial products as well as those producing 
military equipment. This need was described at a 
standards and measurements symposium by one 
of the leading participants, 1. G. Easton, engineer­
ing manager, General Radio Co.

In telling other symposium participants that 
the National Bureau of Standards has too great 
a load of routine measurements work, Mr. Easton 
asked whether “the present strong interest in 
standards is being overdone.”

“We must be careful that standards do not 
become an end result rather than a means to an 
end,” Mr. Easton said. “The present hysteria 
about traceability to NBS is disturbing . . . The 
concept that all calibrations be based ultimately 
on NBS certification is a commendable one, but 
the means of achieving this result requires scru­
tiny,” he added. “It is clearly the responsibility 
of a manufacturer of standards to maintain the 
value of units with which he is concerned—but 
the end result is not assured by a simple state­
ment regarding date of NBS certification of a 
particular standard in his possession. Little or 
nothing is gained by a traceability statement since 
it is already implicit in the manufacturer’s war­
ranty.”

Mr. Easton added that “clarification and proper 
interpretation of traceability requirements is a 
problem for the immediate future at the com­
mercial and operational level of our national 
standards program.”

At the symposium, which was held at the 
Arma Div. of American Bosch Arma, Garden 
City, N.Y., the keynote speaker, Dr. James 
Thomas, section chief of the National Bureau of 
Standards reviewed the state of the measure­
ments art and revealed that the bureau has de­
veloped a standard capacitor that is expected to 
lead to an absolute determination of frequency 
in terms of capacitance, the bureau also expects 
soon to measure resistance to an accuracy of 1 
part per million, Dr. Thomas reported.

The traditional accuracy framework was com­
pared to a transmisLon line by W. M. Goodhue, 
of the Arma standards laboratory’s technical stall. 
The transmission line in the standards structure 
terminates at NBS, said Mr. Goodhue, and it is 
exhibiting attenuation and phase-shift charac­
teristics. Space-age requirements are imposing a 
transient condition on the transmission line and
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Only Voltmeter with the Factual Fifth FigureUse the
MODEL V35 DIGITAL VOLTMETERnee

MiMM irsTHM, mr

nes
most accurate digital voltmeter. Only the V35 gives you the “factual fifth figure’ full five-digit

ire

ncy

And Work
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WHEN FOUR-DIGIT ACCURACY JUST ISN’T ENOUGH, specify the five-digit NLS V35-world’s

E.ECTRONIC DESIGN . March 16, 1960

Three participants in standards and measurements 
symposium current problems. Left to right, I. G Easton, 
General Radio, John Cammarata, American Bosch 
Arms, and Dr. James Thomas, National Bureau of 
Standards. Representatives from 16 organizations at­
tended the symposium.

threatening the traditional measurements organ­
ization. Evidence of change are quasi-accuracy 
in products and the abandonment of the tradi­
tional 10:1 accuracy attenuation occuring be­
tween the labs and the production line, Mr. 
Goodhue said.

Among other opinions expressed by Mr. Easton 
at the symposium were these:

• The standards situation is well under control 
at de for resistance, and at audio frequency for 
inductance and capacitance. But “as we move up 
in frequency, the situation deteriorates rapidly, 
and at the still relatively low frequencies meas­
ured by tens of megacycles, we find ourselves 
talking in terms of parts per thousand or even of 
parts per hundred rather than parts per million 
or parts per ten thousand.

• In the frequency area characterized by co­
axial transmission lines, there is a definite need 
for improved methods of connection. Of the 
dozen or more different types of coaxial con­
nectors in common use today, none is really 
suitable for precion measurements.

• “There is a growing recognition of the need 
for a precise, coaxial connector of the flange type 
using a tube diameter that is reasonably com­
patible with widely used connectors. The use of 
a coaxial connector with a flange, which provides 
a clearly defined reference plane for measure- 
i lent purposes is also a valid and practical solu­
tion in the vhf range.

• "The status of the standards of frequency 
nd resistance suggest quite obviously the chal­

lenge in our field. When all of our electrical 
s andards have been brought up to the level of 
t lese two, we can perhaps say that the problems 
of tomorrow have been solved—but then only 
ti mporarily.*’

resolution of 0.001 %. Here is the instrument for your measuring jobs demanding maximum accu­
racy — automatic missile checkout, readout and printout in data logging and computer systems, 
critical production inspection. Only the V35 offers you the benefits of “no-needless-nines” logic — 
greater reliability, increased speed, longer parts life. Contact NLS today for the full story.
V35 Specifications: Measures DC voltage from ±0.0001 to ±999.99; DC voltage ratio from ±00.001% to ±99.999% ... DC voltage 
accuracy is ±0.01% of reading or ±1 digit. . . overall accuracy for voltage ratio is ±0.005% of reading or ±1 digit . . . “factual 
fifth figure” — 0.001% resolution . . . transistorized “no-needless-nines” logic . . . plug-in modular construction . . . simple external 
connections for AC/DC converter, pre-amplifier and data logging accessories . . . one-package design — 5(4" high — for standard 
rack mount. . . automatic selection and indication of range and polarity . . . interchangeable plug-in stepping switch-resistor assemblies 
sealed in oil... $3,750.00, complete. A vailable in four-digit model for $3,150.00, complete.

Originator of the Digital Voltmeter

non-linear systems, inc. DEL MAR (SAN DIEGO), CALIFORNIA

NLS— The Digital Voltmeter That Works . . . And Work
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rugged, non-metallic

ALITE
to
SAPPHIRE
SEALS

Pure Fluid Amplifier Joins Tubes, 

Transistors as Basic Element

A new principle of amplification, replacii g 
vacuum tubes and transistors in some applica­
tions, has been developed at Diamond Ordnance 
Fuse Laboratory, Washington.

The basic amplifier is nothing more than a 
block of metal or hard plastic, with passages for 
the flow of a fluid. There are no moving parts. 
Operation is possible in temperatures ranging 
from near cryogenic to white heat. Shock, vibra­
tion, shelf-like, humidity and operating life 
should be minor problems, the laboratory says.

Operates On Jet-Deflection Principle
The basic amplifier comprises a power jet in­

put, corresponding to a tube cathode; output 
jets, corresponding to plates; and control jets, 
corresponding to control grids.

The operation is based on the ability to deflect 
the high-power, fluid stream by directing low- 
power control jets at right angles to its flow. 
Amplification from 10 to 100 has been achieved.

Suitable design of feed-back passages yields 
bi-stable or tri-stable flip-flop units as well as
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Ideal for critical infrared 
and microwave applications

Looking for ways to improve infrared or micro­
wave systems designs? The unique advantages 
offered by these Alite-Sapphire assemblies may 
be just what you want!
Up to now, synthetic sapphire window units of 
this type required difficult, and often unreli­
able, metallizing methods. We’ve developed a 
high temperature non-metallic bonding tech­
nique that simplifies design problems, while 
assuring a high strength, vacuum-tight 
seal capable of withstanding extreme environ­
mental conditions.
The similarity of the Alite body to sapphire 
(both are essentially aluminum oxide) offers 
distinct advantages. Since Alite and sapphire 
are nearly identical in composition, they have

virtually the same dielectric constant, loss 
factor, coefficient of expansion, mechanical 
strength, and other superior characteristics. 
Excellent design flexibility is achieved with 
Alite, too. For in addition to the Alite-Sapphire 
bond, if desired the Alite body can be metallized 
and brazed to metal components to make 
hermetic assemblies with integral feed-throughs. 
Likewise, sapphire-to-metal seals can be pro­
vided where required.
Possible applications include infrared domes 
for missiles, infrared spectrometry, fire detec­
tion equipment, microwave windows, ultraviolet 
devices. We offer our technical assistance on 
any applications where Alite-Sapphire assem* 
blies may prove of value. Write for details.

Visit ALITE at the IRE Show—Booths 2205-2207

Pure fluid flip-flop of the momentum-exchange type 
acts like an Eccles-Jordan Circuit. Power jet (center) is 
directed up into either of two output paths by the con­
trol jets (horizontal). Feed-back paths (curved) reinforce 
the control jets, lock flow in one of two stable paths.381F

ALITE
DIVISION

U. S. STONEWARE
BOX 119 ORRVILLE, OHIO

New York Office 
60 East 42nd St.
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illators. One flip-flop design, called the mo­
n ntum-exchange type, is strictly equivalent to 
a Eccles-Jordan circuit. A second, or boundary 
layer type, depends on flow patterns within the 
passages themselves. A wide variety of control 
ai d computing devices are possible.
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Fiequency Limited to 20 kc
Frequencies as high as 5 kc have been 

achieved, using air as the fluid. Use of helium 
would extend this to about 20 kc.

This frequency limitation bars the device’s use 
in large-scale digital computers, where only data 
are handled. However, in the many control­
computer applications, where relatively large 
masses must be moved, these frequencies are 
more than adequate. The probable cost in quan­
tity is less than a tenth that of tubes or tran­
sistors.

Applications are vast. They include hot-gas 
servos powered by rocket exhausts; pitometer 
and altimeter computers (where no transducers 
would be needed); aerodynamic control-surface 
servos, where the power supply could be ram­
air; machine-tool control; and many others.

The three inventing scientists are Dr. R. E. 
Bowles, B. M. Horton and R. W. Warren.

Boundary-layer flip-flop depends on flow patterns 
w thin the passages themselves Low pressure between 
the side wall and the power stream is used to help de- 
flf ct the power stream, which constitutes inherent posi- 
tre feedback. .
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A real heel might test a Fusite Terminal like this
but he won’t make it leak!
The adherence between glass and metal in a Fusite Hermetic 
Terminal is an easily demonstrated fact. There are several 
theories as to why our exclusive V-24M glass actually chemically 
bonds to the metal components. Cobalt and certain other 
metallic oxides in the glass oxidize the iron in the metal which 
is taken into solution. It is believed that through the solution 
of iron, a gradual decrease of the difference of thermal expansion 
between the glass and metal takes place at the glass-metal 

interface. This inter-fusion of the two dissimilar materials gives 
Fusite Terminals their ability to withstand great mechanical and 
thermal shock and still pass Statiflux tests for glass cracks, hydro­
static pressure tests and helium mass spectrometer leak detection.
This fusion is reinforced by a strong compression of the metal ring 
around the glass made possible by a favorable thermal expansion 
balance of the glass, pins and housing.
The combination of fusion and compression provides a terminal so 
rugged that leaker rejection rate of components into which our 
terminal is fabricated is practically nil, even when roughly handled 
and subjected to extreme temperature changes.

Samples for your own testing are yours for the asking, 
Write Dept, C-2.

TERMINALS 
r" \ PROTECT PRODUCT 

If PERFORMANCE

THE FUSITE CORPORATION ]
6000 FERNVIEW AVE., CINCINNATI 13, OHIO

Woodford Mfg. Co., Versailles, Kentucky. 

In Europe: FUSITE N. V. Konlgswog 16, Aime Io. Holland

CIRCLE U ON READER-SERVICE CARD

960 E .ECTRONIC DESIGN • March 16, 1960 19



NEWS

The ORIGINAL

Tantalum Capacito

CE601

because all gasket materials arc carefully selected 
and controlled in their parameters so as not to 
interfere with the curl’s spring action.

because two gaskets—one above, one below the 
tantalum disk—create an air space, the only effec­
tive barrier against capillary action.

because part of the upper gasket is formed into 
the curl for a perfect seal between case and gasket 
unaffected by varying temperatures.

Over 10 years of laboratory testing and millions of 
applications in the field prove that Fansteel’s pat­
ented shoulder and curl design provides the best 
method of sealing a tantalum electrolytic capacitor.

because there can be no loosening of the seal due 
to compression set.

ELECTRONIC DESIGN • March 16, 1960

because the shoulder and curl design of the silver 
case results in a spring action on the seal assembly 
at all times.

Visit Us At Booths 4021-4022 

IRE Show

Army Missile Work Continues 
Despite Facilities Shift to NASA

Several missile programs will continue to be 
directed by the Army Ordnance Missile Com­
mand despite the shift of some Redstone Arsenal 
facilities and personnel to the National Aero­
nautics and Space Administration.

Nike-Zeus, that anti-missile missile, is the ma­
jor missile project remaining under Army con­
trol. Test-firing facilities being built in the Pa­
cific will be used to test the Nike-Zeus against 
the Jupiter, an Army-developed intermediate 
range ballistic missile now under Air Force con-

Go-Ahead Decision Made on Joint 
Communications Net for Military

A policy decision to integrate the military’s 
upper-echelon communications system has been 
taken. So far the Defense Department has de­
cided where it wants to go in organizing its 
world-wide telecommunications, but it has not 
mapped out the route for getting there.

Traffic load of the new system apparently

because this downward pressure and tension 
remains constant throughout the capacitor’s 
temperature range.

Fansteel tantalum capacitors 

. .. electrolytic and solid 

types ... complete ratings 

for all temperatures. Write 

for latest technical bulletins.

The Army still has responsibility for the Red­
stone, a short-range, liquid-fuel ballistic missile 
scheduled to go out of production next year. It 
will be replaced by the Pershing, a solid fuel 
missile with similar capabilities, which will be 
under Army supervision.

Other Army missile systems, mainly tactical 
and short range types, are:

Missile “A,” a new type of projectile now un­
der study.

A weapon system known only as T-273. It is 
being developed jointly by the Army, the Chemi­
cal Corps and the Ordnance Weapons Com­
mand.

Redeye, an anti-aircraft missile, in the early 
development stage.

The Mauler, another anti-aircraft missile.
Two French anti-tank missiles, SS-IO and 

SS-U.
The Shillelagh anti-tank missile. It is being de­

veloped for the Ordnance Tank Automotive Com­
mand, and will be used in a vehicle mounted tac­
tical system.

Little John, a surface-to-surface missile. It is 
scheduled to enter production this year. Other 
surface-to-surface weapons already in produc­
tion under Army Supervision are the Corporal, 
Sergeant, LaCrosse and Honest John.

Three air defense missiles under Army re­
sponsibility are now in production. They are the 
Hawk, Nike Ajax, and Nike Hercules.



Fansteel Rectifiers

on

Fan st eel Rectifiers

Write for Bulletins

Developmental super-power triode generates a 
5-meg pulse of vhf power. Rated at 300 kw aver­
age, the tube is reported the most powerful in this 
frequency band.

22 amp., 35 amp. and 75 amp. types, IN Series^ 
individual or in stack assemblies 
with bridge, center tap or doubler circuits.

... products of almost 80 years of 
Fansteel research and development in 

adapting selenium to rectifiers and 
perfecting cell designs that are 

now standards for industry.

300 KW Average Power Delivered 
By 150-pound VHF Tube

Producing a 5-meg pulse of vhf power, type- 
A-2346 super-power triode is reported the; most 
powerful electron tube in its frequency range. 
Under development at RCA’s Lancaster, Pa., 
plant, the tube is one of a family of super-power 
tubes designed by the Electron Tube Div.

Even more impressive than the multi-meg 
peak power is the average power output of 300 
kw, which the company says, is generated by the 
17-inch high, 14-inch diameter tube. This figure 
results from the 0.06 duty cycle at which the 2 
millisecond pulse is generated.

CIRCLE 19 ON READER-SERVICE CARD
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would be only a fraction of total military com­
munications. Only long-distance high-level 
communications would be involved. The pro­
posed all-Service communications net would get 
down as far as, but not below, a field army. The 
great bulk of military communications is handled 
at lower levels. These would be affected only in­
directly, if at all, by the superimposition of the 
new’ agency.

Apparently, inter-service politics is still work­
ing against the eventual establishment of the 
new communications agency as an operating 
entity. The Army at first urged that its Signal 
Corps be given the huge communications job 
as a single manager. This met with opposition 
from both Navy and Air Force. The independent 
communications agency has the earmarks of 
being a barely acceptable compromise—indi­
vidual services will continue to control commu­
nications terminals, subject to over-riding priori­
ties of use to be laid down by the new agency.

One goal of the new group will be to avoid 
duplication of research projects.

Fansteel Selenium Rectifiers offer 
practically unlimited life with no 

maintenance. Instantaneous power 
with negligible leakage. Over 400,000 
different stack combinations readily 
available in almost unlimited power 

ratings, any standard cell size or circuit.

Fansteel selenium cells are produced in 
dust-free, conditioned-air surroundings 

and undergo rigid testing for work­
manship, performance and reliability.

.. .d-c power sources for all applicai ions 
requiring highest reliability under 
severe service conditions. Produced 
under exacting “white room’’ 
conditions using finest-quality 
materials.Thorough, 100% testing 
assures peak performance.

FANSTEEL METALLURGICAL CORPORATION
North Chicago. III.. U S *.
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stability... 0 NEI

MODEL 1310N, ALL 
ELECTRONIC ANALOG- 
TO-DIGITAL CONVER­

TER/VOLTMETER..........  
$2090*

brief specifications

MODEL 1310N A-to-D CONVERTER/VOLTMETER
There’s never any need for exasperating knob twiddling with a 
Franklin Model 1310N. Magic? No, just plain practical design. 
All operating potentials, including the line voltage, are 
regulated before they’re put to work. What’s more, there are no 
stepping switches, relays or other mechanical components to 
introduce noise or delays . . . it’s all-electronic for whisper­
smooth voltage conversion . . . and with a stability never 
before equalled. The brief specs tell more.

Technical Education Assailed
As Deaf to Industry Needs

“Schizophrenic” and ‘split-level” were am mg 
the labels pinned on technical education by 
speakers at the Control System Engineering E lu- 
cation Symposium in New York.

Too much to learn, too little time to learn i in 
and a failure to recognize the specific need* of 
industry were cited as the main reasons for the 
current shortage of adequately trained personnel.

Educators complained about the vague bound­
aries between professional and semi-professional 
requirements and between technicians and skilled 
workers. There was much doubt as to what type 
of education and educational institution would fill 
the need in each area.

B s<
tc 1C

di ri 
aid 

ti< n¡

• tran 
tiom

•Price» are FOB. BRIDGEPORT, PENNSYLVANIA.

RANGES: 000.0 to 120.0 V de. Input sensitivity: 0.1 V 
per digit. Matching amplifiers are available 
with minimum ranges of 1 mv per digit or 100 
uv per digit.

RANGE AND 
POLARITY 
SWITCHING:

Optional automatic or manual (with amplifier).

ACCURACY ±: one count (± 0.1% of full scale) after 10-
(ABSOLUTE): minute warmup.

STABILITY: Absolute accuracy is maintained for at least 
one year without calibration.

INPUT 
IMPEDANCE:

100 megohms.

READOUT 
TIME:

Maximum of 12.2 milliseconds to 120.0 volts 
full scale.

SPEED: Up to 40 readings per second.

POWER: 100—125 V, 60 cps, 200 watts.

DIMENSIONS: 19" rack panel unit, 8%" H x 15" D.

WEIGHT: Approximately 50 pounds.

best when you count on FRANKLIN

-
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‘Over-Promoting’ Charged
Some educators accused industry of “over-pro­

moting” technicians and then complaining about 
a shortage. “A good technician is often promoted 
to engineer but continues doing laboratory work,” 
the head of one technical institute said. “Some 
personnel man studies the figures and decides that 
there’s a shortage of technicians because engi­
neers are doing lab work.”

Speakers included Lloyd Slater, head of the 
Foundation for Instrument Education and Re­
search; Prof. Henry Summer of Auburn University, 
and Prof. John G. Truxal of Brooklyn Polytechnic 
Institute. Over 200 delegates representing educa­
tion and industry attended.

Industry spokesmen, on the other hand, com­
plained that the technical schools were turning 
out “TV repairmen, mostly.”

As in many such conferences, the most valuable 
interchange of ideas came during the coffee­
klatches with day’s speakers.

“In view of the rapid growth of technology,” 
Prof. Summers commented, “the only thing we can 
teach are fundamentals. Equip the student with 
the capacity to learn the minutae of his industry 
after graduation.”

The symposium was the first in a series on edu­
cation planned and sponsored by Servo Corp, of, 
America.

Loran-C 
At 1800

Found Precise 
Miles for Ships

An experimental Loran-C navigation system
has furnished position fixes of “fantastic” accuracy 
for ships at daytime ranges up to 1800 nautical 
mi, according to a report to the Office of Naval

ELECTRONIC DESIGN • March 16, I960
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THAT SPEAK FOR THEMSELVES!THE DIGITAL SYSTEMS

At New York IRE

From

ional

oted

>ome
- >i

Inc. Top element

digital and

vocal report

BOOTH 3235

Qaval Electronic Engineering

the field, from a proved capability, Cubic’s fine precision

table 
iffee-

vapor-grown silicon

and HEAR

to give you the weather story across the nation

ElcCTRONIC DESIGN • March 16, 1960

Years-ahead engineering, factory produc­
tion techniques inspired by pride in the 
end result, careful quality control and re­
liability testing ... all these factors make 
Cubic’s the truly fine instrumentation . . . 
Digital Systems that speak for themselves.

3 can 
with 
ustry

^stew 
jracy

When you're at New York IRE, stop by Cubic’s booth and see 

the unique Weather Board monitored by a Cubic Digital System

Silicon Strain-Gage Elements 
Said To Have High Sensitivity

Silicon strain-sensing elements claimed to be 
50 times more sensitive than metallic strain wires 
have been produced by Electro-Optical.Systems.

whisker with leads attached. Bottom element is 
a sliver of silicon that has been lapped and etched. 
The company says the ultimate gauge fac­
tor is 175 for the low-impedance elements, shown 
here with a needle for size comparison. Metallic 
elements are said to have a gauge factor less 
than 5.

In the field and at IRE, 
Cubic Digital Systems speak for themselves

com- 
ming

B search. At night the range oi accuracy ex- 
t( ided to 2300 mi.

The system is an outgrowth of Loran developed 
d ing World War II and currently used by ships 
ai d transoceanic aircraft to determine their posi­
tions.

The principle is the same. Radio pulses are 
transmitted by strategically situated radio sta­
tions known as “master” and “slave” stations. The 
pulses are synchronized by a timing signal gen­
erated at the master station and transmitted to the 
slaves. With special receiver equipment aboard 
ships or aircraft, the navigator measures the time 
lag between the radio signals of three or more sta­
tions, giving him an accurate fix.

The major advantage of the new system is its 
use of low frequency. Conventional Loran oper­
ates at about 2 me. Loran-C transmits at about 
100 kc. Low-frequency’ transmission makes it pos­
sible to synchronize much more widely separated 
master-slave pairs. Low frequency also allows 
transmission of signals over large land masses, ex­
tending service to areas that cannot be covered 
by conventional Loran.

Jansky & Bailey, Inc., independent consultants 
of Washington, studied the Loran-C installations 
at Coast Guard stations in Massachusetts, North 
Carolina and Florida and reported the results to 
the Navy.

Using the North Carolina station as the master 
and Massachusetts and Florida stations as slaves, 
Jansky & Bailey bounced off the ionosphere. At 
points 900 mi from the most distant of the 
transmitters, 95 per cent of the fixes were found 
accurate to within 800 ft of the correct geographi­
cal position.

/ ! IDI INDUSTRIAL DIVISION►U D I V» CORPORATION
' 5575 Kearny Villa Road. San Diego 11, California 
With • Dimension for the Future
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... And the human-engineered Talking Meter, 
for a vocal readout in any parameter.

SCANNING SYSTEMS’ Proved reliability over weeks of automated 
transistor sampling

PRINTER CONTROL: Proved performance in data recording with 
every quality printer on the market.

DC VOLTMETER: Proved stability of .003% and noise rejection as 
high as 200%

AC CONVERTER: Proved operation to 90 kc, with accuracy exceed­
ing specifications

OHMMETER: Proved shock-safe with controlled open-circuit test 
voltage

RATIOMETER: Proved ,003% attenuator accuracy for wide-range 
precision

laboratory instrumentation is applied to the automation of industrial 

processes and given hitherto unknown dimensions with a “readout” 

you can hear.



ADVERTISEMENT

Higher-Temperature Capacitors
New Dielectric Materials Help Break the Heat Barrier

By Marc F. Warmuth, Staff Engineer, Airhome Accessories Corporation

Special Mylar*, Teflont and mica 
constructions permit continuous 
operation up to 600°F

Three new types of special high-tempera­
ture motor-starting capacitors, utilizing 
Mylar, Teflon and mica dielectric respec­
tively, have been developed recently by 
Airborne. The Mylar and Teflon types 
are wound of very thin metallized film 
for greatest possible miniaturization. 
The mica type is wound of a sandwich 
of aluminum foil and thin, pure mica 
ribbon, metallized mica not being pro­
curable. All are encapsulated with 
thermoplastic polyamide or thermo­
setting epoxy resins (depending on 
temperature range) in sealed, cold­
drawn steel cans with fused glass termi­
nals. This construction provides low 
inductance units of exceptional mechani­
cal sturdiness and environmental re­
sistance.
As an alternate construction for less 
demanding applications, encapsulation 
in epoxy sleeves, with leads brought out 
through potted ends, is also available.
Mica for highest temperatures

The great advantage of mica as a die­
lectric is its ability to maintain its phys­
ical and electrical characteristics at tem­
peratures up to 1000°F. All dielectric 
materials undergo severe reductions in

insulation resistance at high tempera­
tures, but with mica the critical value 
is reached around 600°F. Full voltage 
ratings up to this point are thus permit­
ted. And with the right epoxy resin 
impregnant, mica capacitors are well 
able to withstand overtemperatures 
without damage ... if not simultane­
ously subjected to full rated voltages. 
Mica capacitors are three to four times 
larger than Mylar or Teflon units of 
comparable capacitance and voltage 
rating. This is because a greater thick­
ness of dielectric must be used, as well 
as a separate layer of aluminum foil.
Mylar and Teflon for intermediate 
high temperatures and small size 

Mylar can be worked continuously up 
to 300°F (derated to 250°F for a-c 
applications) and Teflon up to 400°F. 
For applications below these limits, but 
above the normal I85°F limit of more 
conventional insulating materials, metal­
lized Mylar and Teflon offer high dielec­
tric strength. They make possible 
wound capacitors of very small size 
with good voltage ratings and excellent 
capacitance-to-volume ratios.

A further 
Mylar and 
self-healing

advantage of metallized 
Teflon capacitors is their 
characteristic. The short

occurring when the dielectric is ruptured

instantly bums the thin metallic coating 
back from the edges of the rupture, 
making further flashover impossible. 
Yet the amount of metallic coating 
burned away is so minute that hundreds 
of such self-healings have little effect 
on capacitance. Resistance to over­
voltages can thus be considered ex­
cellent. Resistance to overtemperatures, 
on the other hand, is not an outstanding 
characteristic of Mylar or Teflon—a 
design factor to keep in mind.
Summary

MYLAR: For intermediate high tempera­
tures, high voltage and smallest size. Con­
tinuous operation at 300°F with ratings up 
to 1000 WVDC. Capacitance variation with 
temperature good, but not as good as that 
of Teflon or mica types.
TEFLON: For intermediate high tempera­
tures and small size. 600 WVDC up to 
400°F without derating.
MICA: For highest temperatures. Con­
tinuous operation. 600 WVDC without 
derating up to 600c F. Higher temperatures 
possible with derating. Larger in size than 
equivalent Mylar or Teflon capacitors. 
For further information, request Prod­
uct Bulletin PS-6A from AIRBORNE 
ACCESSORIES CORPORATION, 
Marketing Dept., HILLSIDE 5, NJ.
★DuPont’s tm for its polyester film
f DuPont’s tm for its tetrafluoroethylene resin

CAPACITANCE VARIATION WITH TEMP.

MYLAR 
i

I

WORKING TEMP. RANGE

TEFLON

WORKING TEMP. RANGE

MICA

NEWS BRIEFS
. . . TUNNEL DIODE SAMPLES for use at v if 
frequencies are available from the transistor dix i- 
sion of Standard Telephones and Cables, Lt ., 
Footscray, England. These are believed the first 
sample tunnel diodes available from Europe n 
sources.

. . A 900-SAMPLE-PER-SEC commutatii g
switch has been developed by Instrument Devi 1- 
opment Laboratories, Inc. The high-speed switc h, 
installed in ICBM s that were test-fired as far is 
6.300 mi, samples temperature and passes the data 
in serialized form to a telemetering system. The 
system transmits the signals at 900 samples per 
sec over a single umbilical cable to ground record­
ing equipment.

. . . A $4.3-MILLION CONTRACT to extend 
range and high-altitude capabilities of the Spar­
row III missile has been awarded to Raytheon 
Co. by the Bureau of Naval Weapons.

. . . THE COAST GUARD has awarded Texas 
Instruments, Inc., a contract for 138 strip chart 
recorders and related components for use in 
Loran-C systems.

. . . AN/ANP-130 DOPPLER RADAR naviga­
tion sets, spares, support equipment, and engi­
neering support items will be produced by Ryan 
Aeronautical Co., under a $5.9-million contract 
from the Navy.

. . . THE SOLID-STATE 7080 large-scale busi­
ness computer recently announced by IBM has a 
109-usec rate of data transfer between tape units 
and main storage, a reading or writing rate of 
312,500 bits per sec, and a main storage capacity 
of 160.0(H) bits. A basic 7080 system will sell for 
about $2.3 million.
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TABULATED CHARACTERISTICS—AIRBORNE SPECIAL HIGH-TEMPERATURE CAPACITORS

type MYLAR

Wound, Metallized 
Mylar Film

TEFLON

Wound, Metallized 
Teflon Film

MICA

Wound Alum. Foil 
with Mica Ribbon

Working temp, range -65 to + 300’F 
(-55 to + 150“C)

-65 to + 400’F 
(-55 to + 205°C)

-65 to + 600’F 
(-55 to + 315°C)

Voltage ratings 200-1000 WVDC 200-600 WVDC 200-600 WVDC

Capacitance range .01 mfd up .01 mfd up .01 mfd up

Capacitance variation 
with temp.

Very good to 150’F 
Good 15O-3OO°F

Excellent to 250’F 
Very good 250-400’F

Excellent to 350’F 
Very good 350-600’F

Insulation resistance 50.000 meg x mfd at 78'F 
10 meg x mfd at 257’F

500,000 meg x mfd at 78’F 
75 meg x mfd at 300 F

10,000 meg x mfd at 78’F 
4 meg x mfd at 600’F

Dielectric strength 4000 v/mil 1500 v/mil 1000 v/mil

Size D Q____ )
4 H-------H 1.1w1.7x L

1.1t»1.7xDQ_____ J
| |>___ H 3w4xL 

3t»4xD Q___J

Capacitance change vs time 
at max. working temp.

-5% or less 
after 250 hr

-5% or less 
after 250 hr

-5% or less 
after 250 hr

Overvoltage resistance Excellent 
(Self-healing)

Excellent 
(Self-healing)

Non-self-healing

Short-time exposure 
to overtemperature

Poor Poor Very good 
with derating

CIRCLE 22 ON READER-SERVICE CARD

. . . A COST-REDUCTION conference held at 
Eclipse-Pioneer of Teterboro, N.J., covered the 
methods and techniques that trimmed $3,166,400 
from the direct cost of instrumenting the super­
sonic fighter-bomber, the F-105.

. . . A REVOLUTIONARY automobile ignition 
system being developed by a major electronics com­
pany would use microwave energy as the igniting 
agent. In this system, the ignition coil and con­
denser, distributor and timing drive, high-voltage 
wires and spark plugs would be replaced by a 
microwave pulser, waveguides and foolproof tim­
ing pickup. The microwave energy would ignite 
the combustible mixture in the cylinders of en­
gines equipped with the system.

CIRCLE 23 ON READER-SERVICE CARD ►
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ROTRON MUFFIN FANract

3000

2900

«RfE*

CEM

mite

Unlike conventional or phonograph motor assemblies, the 
MUFFIN FAN boasts a high air performance of 100 CFM 
free delivery from a basic package only 4 11/16" square 
and 1^" deep and weighing just 1.2 pounds.

Power requirement is 105 to 120 VAC. 60 cycles, single 
phase. Electrical connections made to convenient terminal 
lugs accepting standard 18 gauge lamp cord. Completely 
original aero-dynamic design permits operation through a 
dust filter and tightly packed electronic equipment. Airflow 
instantly reversible by turning fan end-for-end.

The MUFFIN FAN is a completely integrated cooling unit

Is your company making changes in prices or 
availability of its products? Send the details to 
ELECTRON/C DESIGN, 830 Third Ave., New 
York 22, N.Y.

consisting of propellor. stator assembly and venturi block. 
It is also available in combination with a grille assembly and 
all-purpose mounting clips to form a complete package. 
Unbelievably thin, the MUFFIN FAN can be installed in sec­
onds in cabinet cutout, imposing practically no space re­
quirement within the enclosure.

Cool economically...the MUFFIN FAN can be supplied 
at a price less than $8.00 per unit in quantity. The low 
cost, high performance, compact size and maintenance-free 
design provide efficient air cooling previously unobtainable. 
Write for complete details...

STATIC 
PRESSURE

INCHES 
OF WATER

... LOW-POWER ROTARY SWITCHES are in 
factory stock at Oak Manufacturing Co. Consist­
ing of 125 types, the stock switches are offered as 
completely assembled units or as subassemblies. 
They are available in quantities from 1 to 249 
units.

. . SILICON TRANSISTORS of the 2N1024- 
2NT038 series have been reduced in price up to 
27 per cent by Sperry Rand Corp. Price reductions 
include the 2N1025, 2N1028 and 2N1469 (former­
ly the 2N1026A), which represent the first silicon 
mil-type pnp transistors offered to the industry.

* C RCLE 23 ON READER-SERVICE CARD
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cooling fan of its size!

RilTnilN mfo’rn inr woodstock, new york • oRioie 9-2401HU 111 Uli Hllg. UU., nib. |n Canada: The Hoover Co., Ltd., Hamilton, Ont.

C 4ANGES IN PRICES 

AMD AVAILABILITY

. . . LECTROFILM B TUBULAR CAPACI­
TORS have been increased in price from 21 to 25 
per cent by General Electric Co. The increase was 
made necessary by manufacturing controls and 
testing standards required for the “high reliability” 
of the line, according to GE.

. . . GLASS RODS for fabrication of electron 
guns have been reduced in price by Mansol Ce­
ramics Co. They are now available in round, 
square, D-shape and triangular cross-sections. 
The Mansol rods are ready for jigging and as­
sembly to components of the gun structure upon 
delivery.

.. . DIFFUSED SILICON TRANSISTORS 
have been reduced in price across the board by 
Fairchild Semiconductor Corp. Typical of the re­
vised prices are the 2N696 and 2N697 all-purpose 
npn units, reduced from $28.50 to $22.70 in 1-99 
quantities.

.. . LOW BORON MAGNESIUM oxide has 
been reduced in price by International Minerals 
& Chemical Corp. It is now available at $155 a 
ton in bulk and $160 a ton in bagged carloads, 30 
tons minimum. Former prices were $235 a ton 
in bulk and $240 in bagged carloads.

.. . METALLIZED GLASS RESISTORS (LPI 
units) have been reduced in price by Coming 
Glass Works. Lowest unit prices for the resistors 
ha\e been made available on orders of 10,000 
pieces, instead of 25,000. Price changes on per­
thousand basis, applicable to 3,000-ohm LPI in 
quantities of 10,000 are as follows: LPI-3, was 
858.50, now is $53; LPI-4 was $61, now $54; LPI-5, 
wa $66, now $55, and LPI-7, was $66, now $59.

ROTRON
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Wide Application of Esaki Diode Near,
Experts Tell Solid-State Conference

An overflow audience turned out to hear Dr. Leo 
Esaki and other panel members discuss tunnel-diode 
applications. While specific applications were not out­
lined, the panel agreed that computers and communica­
tion equipment would soon be fitted with the Esaki de­
vice.
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ENGINEERS from over the world heard spe­
cialists at the 1960 Solid-State Circuits Con­

ference report that wide application of the Esaki 
(tunnel) diode is imminent. Only a little more de­
sign work and quantity production of the device 
are needed, the experts said.

Major computer manufacturers confirmed the 
existence of crash programs to develop Esaki 
diode circuits. Both large and small companies 
revealed top-priority projects to apply the diode 
to communication and microwave equipment. And 
several large companies discussed practical cir­
cuits.

But for circuit engineers, the question was, 
“Transistors or Esaki diodes?” Designers appear 
to be in the same position they were in a decade 
ago, when the transistor made its debut. Then 
they asked, “Tubes or transistors?” Some stayed 
with “proved” circuits, others adopted the transis­
tor and changed the character of the industry.

Today designers familiar with standard solid- 
state technology, are trying to adjust to new con­
cepts forced on them by the Esaki diode: nega­
tive resistance, ultra-high speeds and ultra-low 
power consumption.

Interest in the diode is so great that it domi­
nated the solid-state conference.

More than 3,100 engineers and physicists from 
the United States, Japan, Great Britain, the Neth­
erlands and Hungary were drawn to Philadelphia 
for the conference. Ten of the 43 prepared papers 
and the two most heavily attended informal eve­

ning discussions were devoted entirely to the
characteristics of the Esaki diode and recent 
pioneering applications.

Thin magnetic films, digital logic and informa­
tion-storage techniques, high-frequency amplifica­
tion and solid-state advances in microelectronics 
rounded out the program.

Diode Talks Draw Crowds

Over 2,500 engineers—some skeptical, others 
eager—crowded the opening session. G. C. Dacey 
of Bell Laboratories reviewed the essential prop­
erties of the Esaki diode, with minimum reference 
to quantum mechanics. The diode’s negative: re­
sistance characteristic, equivalent circuit, and its 
potential uses were outlined.

Dr. J. J. Tieman, researcher of General Electric, 
followed with a discussion of various relaxation 
oscillators and frequency dividers that use the 
Esaki diode.

M. H. Lewin, of RCA Laboratories, ¿escribed 

application of Esaki diodes to achieve basic logic 
functions. Dc-powered bi-stable operation with 
unconditional reset, monostable operation and 
clock-pulse operation were cited in computer ap­
plications.

M. E. Hines of Bell described possible high- 
frequency operation with small-spot and narrow­
strip diodes for capacitance reduction. He told of 
a microwave oscillator operating at 3,000 me, 
using signals coupled on a coaxial line. By in­
creasing coupling, Mr. Hines said, oscillation can 

be prevented and amplification achieved. To 
separate input and output, a circulator may be 
used, he added.

An rf amplifier, with 30-db gain at 200 me was 
discussed by E. Miller of RCA. An interesting 
characteristic of the amplifier, he said, is its de­
creasing gain as input signal is increased, caused 
by decreasing negative resistance as rf input is ap­
plied to the diode. The noise figure was said to be 
better than 4 db.
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Semiconductor Growth Outlined

At the conference’s formal opening, Dr. C. Guy 
Suits, GE’s director of research, referred to the 
staggering growth of the semiconductor industry. 
In the last decade, he reported, the U.S. semi­
conductor market—diodes and transistors; not ra­
dios or equipment using these components—has 
doubled every year. An annual figure of $500 
million is forecast for 1960.

More than 10,000 scientists are engaged in 
world efforts to achieve greater solid-state devel­
opments, Dr. Suits said. He reported that 66 per 
cent of world research was done by four coun­
tries—Soviet Union, 24 per cent; U.S., 21 per 
cent; Great Britain, 11 per cent, and Japan, 10 
per cent. In the last seven years, solid-state re­
search has increased by a factor of 2.5, the] 
speaker noted.

Dr. Suits indicated that the recent Soviet an-1 
nouncement of polymeric transistors might be an I 
error, since the published technical reports del
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scubing the material did not point to a suitable 
device. However, he envisioned such possibilities 
in the near future through increased efforts by 
organic chemists in leading companies.

Finally Dr. Suits mentioned GE’s gallium ar­
senide tunnel diode, recently announced, with 
oscillation obtainable at 10,000 me. YOUR H.Q. 

FOR MAGNETIC MATERIALS
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The Panel Sessions— 
A Report to Designers

A group of ELECTRONIC DESIGN editors at­
tended the key panel sessions at the Solid-State 
Circuits Conference. Here are their seven reports.

PERMANENT MAGNETS
Cast Alnico • Sintered Alnico 
• Amox • Vicalloy • Cunife

European Efforts Described
Prof. M. J. O. Strutt of the Swiss Federal In­

stitute of Technology outlined solid-state research 
in Europe. Since most European countries do not 
sponsor extensive programs, as is common in the 
U.S., Professor Strutt said, they cannot hope to 
achieve the rapid and wide progress reached 
here. Secrecy among countries, he said, precludes 
a combined European research program.

As the conference concluded, it was apparent 
that visitors had been impressed with the quality 
of the papers, the distribution of fully detailed 
abstracts in advance of talks, and the well-at­
tended, active discussion sessions.

Copies of the “Digest of Technical Papers.” are 
available at $5 a copy from H. G. Sparks, the 
Moore School of Electrical Engineering, Uni­
versity of Pennsylvania, 200 S. .33d St., Philadel­
phia 4, Pa.

SPECIAL MATERIALS
Barium Titanates
• Permendur • Vibralloy

TUNNEL DIODE APPLICATIONS:

Low-Noise Amplifiers, 
Computers May Use 
New Esaki Device

Panel members discussing tunnel-diode appli­
cations at the solid-state conference became 
slightly peeved after numerous questions aimed 
at pinning down exact frequency’ limits, switching 
speeds and circuit configurations for the Esaki 
diode. The experts conceded they had no precise 
answers at present.

However, in view of the high-speed switching 
capabilities of the device—speeds of 10-12 sec 
theoretically—most specialists agreed that the 
device would find initial widespread use in 
conputer equipment. Three-phase pulse-clock 
sys ems, hybrid-T arrangements and other con- 
iigurations are under investigation to achieve uni- 
latt ralization, the conference heard.

A Bell Laboratories scientist presented details

MAGNETIC CORES
Tape Wound Cores of Deltamax, 

Supermalloy, Permalloy, 
Supermendur, etc.

Type “C,” “E” and “O” Cores of 
Silectron • Bobbin Cores

Mo-Permalloy Powder Cores
• Iron Powder Cores • Sendust Cores

SPECIALISTS In MAGNETIC MATERIALS
THE ARNOLD ENGINEERING COMPANY, Main Off«« MARENGO, ILL 

»RANCH OFFICES ond REPRESENTATIVES tn PRINCIPAL CHIES
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of a 4.5-krnc amplifier using a germanium Esaki 
diode with a peak current of 1.1 ma anil a peak- 
to-valley ratio of 2.5. Stable power gain of 25 db 
was achieved, he said, with a noise figure of 8.4 
db, and additional work is expected to reduce the 
noise figure to a value closer to the theoretical 
level of 5.5 db. The bandwidth was measured as 
20 me, and the diode capacitance was estimated 
to be about 2 p|if. The power output, with linear 
gain, was reported as only 1 pw, representing a 
swing of about 3 per cent of the negative re­
sistance region.

MAGNETIC LOGIC

All-Magnetic Logic 
Challenges
Semiconductor Systems

Better core materials were the principal topic 
at the magnetic logic panel session. The obvious 
advantages of an all-magnetic logic—no diodes, 
transistors or other active elements—have made it 
an industry-wide design goal. In practice, how­
ever, magnetic elements of considerable output 
are needed to drive succeeding logic stages.

Those attending the session were unanimous in 
expressing their requirements for higher-energy 
materials.

But, as one delegate noted, “magnetic proper­
ties under various conditions are not well-known; 
we are still in the pot-mixing stage. Since prop­
erties often cannot be predicted in advance, dele­
gates reported that much of their time was de­
voted to trial-and-error work.

Even so, the prevailing attitude was one of 
general optimism. On a cost and reliability basis, 
all-magnetic logic was seen competitive with 
transistorized ami diode-core logic systems in 
lower speed applications. Speed is presently lim­
ited to 1 me, but films and thin-rolled sheets were 
mentioned as possible entries in the high-speed 
derby.

Do-It-Yourself Logic Kit Possible
Designers predicted wide application of all­

magnetic logic in special-purpose computers. 
Modular logic packages would be readily com­
bined for a wide variety of logic functions. Do-it- 
yourself kits of integrated logic packages would 
permit assembly of special computers directly 
from system logic diagrams. The time lag be­
tween logic design and a working circuit would 
be sharply reduced.

Bits from the
“Help stamp out klystrons” was pro­

posed by J. B. Angell of Philco as a battle 
cry for transistor designers trying to 
boost power and frequency. He thought it 
in much better taste than the “Help stamp 
out transistors” line of the early Fifties. 
Transistors are being stamped out even 
faster than automobile bodies these days.

♦ * ♦

Overheard between panel sessions: 
“Tunnel diodes ? Most people can’t even de­
sign a decent transistor circuit—what are 
they going to do with this monster?”

♦ * Rs

Are engineers plumbers? IBM Zurich 
Laboratories are awash in research on hy­
draulic computers, conferees heard. Hy­
draulic memory and logic systems could 
operate card punches and other low-speed, 
high-power systems directly. Components 
are said to be reasonably small, 
speeds “considerably in excess of 
cycles per sec” are hinted at.

* $ *

Someone must be trying to lure

and
100

Dr.
Esaki away from IBM. Recruiting folders 
passed out by a major semiconductor 
company had covers printed in Japanese. 
The translation was “Opportunity.” But 
no sake was poured at the various hos­
pitality suites.

“Logic designers never did worry much about 
transistor circuitry,” was one comment, “and now 
they won't have to.”

The general optimism of the session was only 
somewhat dampened when the subject of micro­
miniaturization was raised. With available and 
foreseeable magnetic materials, the energy to 
drive complex, self-powered logic systems requires 
cores of appreciable size. Not only does power 
output fall off with size, but the fine connecting 
wires in microminiaturized arrays would reduce 
available power still further. Nevertheless intel­
ligent design and the inherently simpler circuitry 
of all-magnetic logic can make size competitive 
with other systems, it was brought out.

Bell Labs Shows Miniature Register
To illustrate, Bell Laboratories displayed a 

working model of a 10-bit, all-core shift register 
of approximately 1 cu in. Available power permits 
considerable fan-out, and other integrated logic 
units are being designed on a similar scale.

For the cost-conscious, news of rolled-sheet 
panels being developed by RCA at Princeton 
was particularly welcome.' Thin Permalloy sheet

Conference
The Air Force was reported doing tail­

spins over gallium arsenide tunnel diodes. 
While still tricky for transistors, it look? 
to be just the thing for high-temperature 
tunnel diodes.

* * ♦

What’s missing . . . missing . . . miss­
ing . . . from radar receivers? If it’s 
parametric amplifiers, you’ll never know 
According to Dana Atchley of Microwave 
Associates, improvement with paramps 
was so slight that operators had to be tolo 
the device was in the line. High-quality 
receivers were involved in these tests, but 
the improvement in input noise from 9 db 
to 1-1/2 or 3 db, believed possible with 
parametric amplifiers, is strictly academic.

♦ * *

Tunnel-diode enthusiasts predict a new 
generation of “real cheap” communica­
tions equipment, going to 1,000 me. “With 
tunnel diodes and printed strip conduc­
tors,” one said, “we can turn out hf equip­
ment at the same price we’re getting for 
the 100-mc units.”

♦ * ♦

When it comes to atomic radiation, the 
tunnel diode is said to be a glutton for pun­
ishment. Good prospects are seen for 
nuclear instrumentation amplifier applica­
tion. Some designers think the Esaki de­
vice could be modified to detect radiation.
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is being applied to a base material, and cores are 
etched out. Printed wiring is then applied to the 
cores. Since this method is particularly suited to 
automatic production, cost could be a small frac­
tion of that possible with wired ferrite cores.

The panel moderator, D. C. Engelbart, de­
scribed work in progress at the Stanford Research 
Institute. Much of the pioneering work in all­
magnetic logic was performed there and an ex­
perimental computer employing MAD (Multiple 
Aperture Device) magnetic elements is being 
built under joint Government and commercial 
sponsorship.

STORAGE TECHNIQUES
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Magnetics and Speed 
Problems Noted

‘ Magnetism is one of the very few’ things Na, 
ture gives us without charge,” the moderator otj 
a solid-state conference panel, J. A. Rajchman of
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R( A Princeton, commented. But a lively, some- 
tin.es heated discussion that followed showed that 
th practical application of this gift to computers 
involved design headaches.

Nevertheless ideas and developments reviewed 
I at the session portrayed magnetics as the storage 

workhorse of today and the designer’s best bet 
for tomorrow. Optical and electrostatic storage 
methods were, for the most part, devalued by 
those attending.

Interest in the well-known but little-applied 
technique of cross-field magnetization was re­
newed by the announcement of Burrough’s Flux­
lox. This device, now in advanced development, 
uses standard ferrite cores in which cross-field 
magnetization is said to result in a non-destruc- 
tive, high-speed memory. Fluxlox developers 
noted that only at higher speed is the cross-field 

I effect readily apparent and its application feasible.
Delegates agreed that much exploratory work 

and research into new techniques and effects were 
needed. Certainly cross-field data in many a labo­
ratory are due for a second, closer look.

!S are

Ferrite Plate Memories Considered
Ferrite plate memories also came in for a good 

deal of attention. In such memories, the usual 
array of cores is replaced by a thin, perforated 

I ferrite sheet. Microsecond switching times and 
I low cost were reported. This technique would 
I seem ideal for miniaturization and automated 
I production. Bell Laboratories and RCA are among 
I those actively developing ferrite sheet units.

High-speed developments attracted much in­
o the I terest and criticism, the latter primarily because 
ed to I of high cost. Many designers, however, said final 
frac-1 unit cost should be an incidental consideration 

I in R&D.
, de-1 “If you’re going to consider money,” said one, 
earch I “you’ll never begin anything.” This view was gen- 
i all-1 erally held by those whose projects were in the 
n ex-1 early stages of development. It was opposed, quite 
Itiple I naturally, by designers whose work was within 
being I bight of the production line.
erciall
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Accent on Speed Questioned
Though switching speeds on the order of mil­

limicroseconds were reported for thin films and 
eve n cores, some designers challenged the prac- 
tic« 1 applications of such devices.

“Sure it’s fast, but you can feed what’s left of 
the core through a sieve,” was one doubtful ob- 
iSer/ation.

2 k more telling point was scored by those who 
noted that the delay in peripheral equipment and 
coi necting wires exceeded that of many core ar­
ray, already in use. Others questioned the ca- 
pa< ity possible in a millimicrosecond memory

ELECTRONIC DESIGN • March 16, 1960

PUSH BUTTON PANEL controls opera­
tions rapidly, even at remote locations.

FLAT VACUUM PLATEN assures positive 
hold down of roll or sheet paper up to 12%* 
width. Plot area, standard 10x15*.

PRINTING FEATURES: Multiple symbol 
printing head—12 symbols...self contained 
ink supply.
Pen System—capillary action; splatter-proof. 
Point joiner available.

INTERCHANGEABLE MODULES add ver­
satility... interchange with basic control 
section.

engineered for ease of operation.. .new 

point plotting or continuous trace
Slimmer, flatter, push-button fast... Librascope’s 

newest, most advanced plotter is the result of per­
sonally-conducted field research by Librascope 

engineers. Compact design permits rack 
mounting in groups, saves desk space. 
Many new conveniences have been added 
to answer your needs.

OPERATING

POWER: 115-volt, 60 cycle 
—180 watts

INPUT. X and Y inputs 
isolated from each other and 
from ground.

INPUT RESISTANCE:
2 megohms nominal on 
most scales. 1 megohm per 
volt on .5 millivolts per inch 
to .1 volts per inch scales.

INFORMATION
INPUT SENSITIVITY: .5 millivolts per inch 

to 50 volts per inch with calibrated push 
button scales at .5, .1, 5. 10 and 50 milli­
volts per inch and.l, .5,1,5 and 10 volts per 
inch. Vernier controls permit continuous sen­
sitivity adjustment between fixed scales, per­
mitting full scale plotting for any sensitivity.

ACCURACY: Static .1%, dynamic .2% at 10* 
per second.

PLOTTER CALIBRATION ACCURACY: 
.05% on all scales.

SLEWING SPEED: 20* per second.

LI 9-20

For full details — dimensions, applications, list of accessory equipment, call our Sales 
Engineering Department or send for illustrated brochure on Model 210, XY Plotter. 
For information on career opportunities at Librascope, write Glen Seltzer, Employment Manager.

LIBRASCOPE division GENERAL PRECISION, INC. • 808 Western Ave., Glendale, California
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Solid State T-R Devices Proved Successful
Varactor solid-state T-R tubes were mention 

as a very promising area of application. St 
devices, it was said, have been used succcssfu 
at 900 me in protecting detectors from as mt 
as 20 kw. Insertion loss of less than 2 db v 
reported achieved, and even lower figures ; 
anticipated. Such devices require a very high 
for the higher frequencies and are presently li 
ited to rather short pulses, the panel brought d

Protection against tremendously large trap
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Harmonic Generators Held 
Key to Extension of 
Solid-State HF Limits

In a conference room shaped like a long wav 
guide section, the application of solid-state d 
vices to parametric amplifiers was discussed in 
spirited, informal way.

The use of varactors in parametric amplifie 
is saddled with a variety of problems, it becan 
obvious during the session. Speakers noted th 
the desire for an all-solid-state microwave par 
metric amplifier, independent of electron-tu 
pump sources, had led to experiments with hi 
monic generators.

II. Hsu of General Electric discussed select 
of the best nonlinear device for a frequency mi 
tiplication job. While a first-order nonlinearity 
preferred for other applications, a higher-orc 
nonlinearity is more suited for harmonic genei 
tors, he said. Since oscillators drop off as frequen 
becomes higher, he went on, the use of a hi 
monic generator is expected to extend the upj 
frequency limit of solid-state sources. <

POWER SUPPLIES
Panel space at a premium? You’ll find a 
practical solution in the remote-control fea­
ture of a Regatron Programmable Power 
Supply. The power supply need not be in­
stalled in the main rack. It can be placed at 
any convenient location, Run a line between 
the programming terminals of the power 
supply and a variable resistor on the panel. 
Then, for every 1000 ohms, the power sup­
ply delivers one volt. (For example, 47,500 
ohms of programming resistance sets the out­
put to 47.5 volts.) Ihe programming resistor 
carries no load current, and draws negligible 
current from the power supply.

For more information about the features 
of Regatron Programmable Power Supplies, 
ask for a copy of Bulletin 765D ... A New 
Approach to Practical Control.

Models without the programmable feature also available

whose switching time approached the time re 
quired for light to travel only 1 ft. One possi il 
solution to this problem would be the dispeisa 
of small, high-speed memories within a lar 1 
computer.

Discussion also centered on papers read b 
panel members at the general sessions. Subject 
covered included tunnel-diode memories, s il 
millimicrosecond core memories using multipl 
coincidence read-write and multiple apertui 
cores, and a fast, non-destructive memory wit 
tw o cores per bit developed by the United Kin; 
dom Royal Radar Establishment.

how to pack

6 Square Inches OUTPUT

of panel space
OUTPUT

OUTPUT

OUTPUT

OUTPUT

OUTPUT

VOLTAGE 
CONTROL

the performance of
6 Power Supplies

TRANSISTOR MODELS

MODEL 
NUMBER

OUTPUT REGULATION
MAXI­
MUM 

RIPPLE 
IN MV

Voltage Current

LINE 
105—125 V AC 

50-60 CPS

NO LOAD 
TO 

FULL LOAD
% V % V

212A' 0—100 V DC 0—100 MA 0 15 0 05 0.1 0.05 Vi
2 212A’ EQUIVALENT TO TWO MODEL 212A's. OUTPUTS MAY 

BE USED IN SERIES, PARALLEL, OR INDEPENDENTLY

224A' 0—100 V DC 0—200 MA 0.15 0.05 0 1 0.05 1
220A 0—50 V DC 0—500 MA 0.1 0.05 0.1 C 05 1
221A 0—100 V DC 0—500 MA 0 1 0.05 0.1 0.05 1
213A 0—50 V DC 0—1 AMP 0.1 0.05 0 1 0 05 1
214A 0—100 V DC 0—1 AMP 0 1 0 05 0 1 0 05 1
215A 0—50 V DC 0—3 AMP 0.1 0 05 0.1 0 05 1
218A 0—100 V DC 0—3 AMP 0.1 0.05 0.1 0.05 1
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IRC Molded Deposited Carbon Resistors are produced 
in 3 standard sizes: MDA-J4 watt, MDB-12 watt, and 
MDC-1 watt, and in resistances from 10 ohms to 25 
megohms. Standard tolerance is ±1%, with tolerances of 
0.5% and 2% also available. Write for Bulletin B9-6, 
International Resistance Co., Dept. 331, 401 N. Broad 
St., Philadelphia 8, Pa.

HIGH-FREQUENCY AMPLIFICATION 
AND GENERATING
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50% size reduction, plus improved characteristics, 
offered by new Molded Deposited Carbon Resistors.

iny device, since the device does not absorb the 
Tower but passes it, acting as a short-circuit. Rob- 
rt Rider of Bell Laboratories mentioned that 

varactors had withstood 100-amp surge current.

DERATING CURVE 
FOR MOLDED RESISTORS

me re 
lossi )1 
ispeisa

80 100 120 140 160 180 200

Ambient Temperature CResearchers present expected that the power­
handling capability of the “injection triode,” or 
transistor, would be considerably increased by new 
fabricating techniques and materials. In fact, J. B. 
Angell of Philco Corp, and the panel moderator 
predicted that transistors would soon be replacing 
klystrons in the 10-kinc, 10-20-mw range.

With the fabrication methods to come, tran­
sistor frequencies approaching 50 kmc (at a liquid 
nitrogen ambient temperature) were anticipated. 
New advances were also expected in the fabrica­
tion and use of the field-effect transistor (which 
depends on the motion of only one type of car-
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Ferrites Found Disappointing

Ferrites were described by A. Berk of Hughes 
as a general disappointment so far. One type of 
ferrite parametric amplifier uses reasonably low 
power, he said, but does not work very well. An­
other type works very nicely, but requires 1-kw 
pump power. This was essentially the status a 
year ago. Progress since then has been nil, Mr. 
Berk said. Several laboratories have abandoned 
work on these devices, he noted, while several 
others have cut back their effort drastically.

IRC’s Molded Deposited Carbon Resistors are now 50% 
smaller in size and weight, and improved in virtually 
every respect. The resistance element is a new extra hard 
deposited carbon alloy for added precision, stability and 
reliability. The resistance element is protected by two 
moisture resistant undercoats, both new. The case is new, 
heavy-duty, break-resistant. Even the terminating paint 
bonding cap to carbon film is a new highly-conductive 
type, a product of IRC research.
In short, IRC miniaturized Precision Film Resistors run 
cooler, withstand sudden overloads with little permanent 
change, and exhibit less change under load than her­
metically-sealed resistors costing over 3 times as much.

Light d 
;e tra 
lid, by

Paramps Improve Pulse Radar Systems

How effective are parametric amplifiers when 
inserted in the input of a pulse radar system? 
Two views were put forward. Two “parame­
tricians” cited cases in which input noise in S-band 
radars was cut from about 9 db to 3.5 db in one 
case and to 1.5 db in the other, with a correspond­
ing increase in range of 20 per cent. Dana Atch­
ley of Microwave Associates tagged such an im­
provement in radar as almost academic. His 
experience was that operators had to be told that 
the improvement was achieved before they could 
detect the difference. In radar, it can only be 
proved by photographs or careful measurement, 
he said, adding that this was not the case in 
radio-astronomy, where every db counts.
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Rises Predicted 
In Transistor Power 
And Frequency

High-frequency, solid-state components 
showing promise for the circuit designer 
discussed by a panel at the solid-state confe

OLD SIZE NEW SIZE

MIL 
Type

IRC 
Type

Length 
Nominal

Diom. 
Nominal

Min. 
Ohm*

Max, 
Ohm»

Max. 
Volt» 

Continuous

WATTAGE

MIL 
70°C

IRC 
70°C

IRC 
125 C

RN60 MDA .406 .130 10 5M 300 ’/• Ya Yt
RN65 MDB .594 .203 10 5M 350 Ya Yi Ya

RN70 MDC .719 .261 5 25M 500 ’A 1 A



FEATURES:

• A new low in noise levels — down to 
0.007 mv providing 0.02 mv full scale 
sensitivity at minimum bandwidth.

• 5 db steps
• Attenuation range of 85 db
• FOUR regular VSWR scales plus one 

expanded
• Ail meter scales automatically normal­

ized when switching ranges
• Large 5%" meter with 1% linearity
• Continuous gain control over 15 db 

range
• Continuously variable bandwidth control
• Front panel meter monitors bolometer 

bias current

SPECIFICATIONS:

Frequency: 1,000 cps; adjustable over a 
2% range.

Sensitivity: 0.02 mv at minimum (4 cps) 
bandwidth. 0.1 mv at maximum (40 
cps) bandwidth.

Noise Level: 5db below full scale (0.007 
mv at minimum bandwidth).

Amplifier Q: 250 at 4 cps; 25 at 40 cps.
Handwidth: Continuously variable from 4 

to 40 cps.
Calibration: Square Law. Meter reads 

SWR, db.
Range: 85 db. Input attenuator provides 

70 db in 5 db steps. Gain control pro­
vides 15 db adjustable. Accuracy ±0.1 
db per 10 db. Maximum cumulative 
error of ±0.2 db at 40 cps bandwidth.

Scale Selector: Expanded, Regular, and 
Bolometer Current. Meter scale always 
normalized when switching from scale 
io scale or from expanded to regular.

Meter Scales: SWR: 1-4; SWR: J.8-6; 
SWR: 3.2-10; SWR: 6-15; Expanded 
SWR: 1-1.3; db: 0-10; Expanded db: 
0-23.

Input Selector: 220,000 ohms; Crystal: 
Bolometer. Bias provided for high 8.4 ma 
bolometer or 4.3 ma low current bolom­
eter. Bias adjustable *15%. A bo’on- 
eter protective circuit permit; anv 
switching operation or cable connect­
disconnect without damage to bolom ?ter.

Output: Jack for 1500 ohm recorder. 1 ma 
full scale deflection.

Input Connector: BNC Jack.

Power: 115 230 v ±10%, 50-60 cps, 40 
watts.

Dimensions: Cabinet: 7%" wide, lO'/a 
high, 11" deep.

Weight: 14 lbs. net.

See the PRD 277-B 
Standing Wave Amplifier 
at the I.R.E. Show — 
Booths 3602-3604-3606.

"thisM 
standing wave amplifier

defies comparison

GAIN

•ANO WtOTH

SW« qb

SCALf

The new portable PRD 277-B Standing Wave Amplifier is 
designed to meet the present and fut ire needs of microwave 
tost laboratories. Due to its extremely low inherent noise, 
0.007 pv, weak signals which once were undetectable by » 
conventional instruments can now be measured. Attenuation 
in 5 db steps combined with 4 VSWR scales and a large 
meter permit VSWR measurements to be made with 
maximum resolution and accuracy.
To find out more about the new PRD 277-B Standing Wave 
Amplifier, contact your local PRD representative or phone, 
write, or wire:

POLYTECHNIC RESEARCH & DEVELOPMENT CO., INC
Factory and General Office 202 Tillary St., Brooklyn 1, N.Y., ULster 2-6800 

Western Sales Office: 2639 So. La Cienega Blvd., Los Angeles 34, Calif., UPton 0-1940

NEWS

rier); the analog transistor, or spacistor (essentially 
a field-effect unit); the Read diode (a form o. 
avalanche diode), and the diffusion-delay diode.

Gallium arsenide and indium antimonide were 
named as two materials appearing to have ven* 
interesting and fruitful possibilities. The Esaki 
diode, panel members felt, would eventually op 
erate at frequencies of up to 100 kmc. However, 
no one would discuss the feasibility of designing 
this device into a practical circuit.

Varactor Amplifier Figures Cited

Concerning linear amplification, it was felt that 
designs would soon be capable of achieving 30 
db of gain at 100 me. Present gain limits were 
placed at 20 db at 100 me and 5 db at 200 me. 
The variable capacitor amplifier was said to sur­
pass the transistor amplifier by at least a gain 
factor of 10. For low-noise amplification, the 
variable reactance amplifier was described as best.

Sample figures for currently designed reactance 
amplifiers were given as: 2 kmc at 1-3 db noise, 
6 kmc at 3-5 db noise and 10 kmc at 5-10 db noise.

Also reported was a harmonic generator cir­
cuit furnishing a power level of 5 mw at a fre­
quency of 2.3 kmc. This was a fifth harmonic and 
had only 4.5 db attenuation. Reports of other 
harmonic amplifiers noted power levels of 2.4 w 
at 20 me with 0.8 db loss, and 1 w at 400 me 
with 1.6 db loss.

THIN FILMS FOR MEMORY 

Production Problems 
of Layers Cited

Thin magnetic films, which may one day 
place ferrite cores in computer memories, 

re­
are

today posing some rather severe production prob­
lems. Chief among these is how to make an array 
of thin-film spots and be sure that every spot is 
good.

Conferees at a panel session of the solid-state 
conference agreed that thin films could provide 
very fast read-write cycle times—of less than 1 
gsec—and that they had less power dissipation 
and were simpler and more compact than ferrite 
cores. But beyond this, the panelists appeared to 
‘agree to disagree.”

Where one advocated that film arrays be made 
by vapor deposition followed by photoetching, 
mother suggested electroplating followed by pho-

Where one proposed an oxygen-free atmos- 
lere during film production, another argued that

ELECTRONIC DESIGN • March 16, 1960
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MICROELECTRONICS

solid-state conference, the panel agreed,

VISIT US

best

IRE SHOW

BOOTH 1900
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the number of interconnections. Thus 
achieve greater reliability. Simplicity 
from the solid-circuit approach should 
increased reliability.”

Panel members were divided on the

other 
2.4 w 
0 me

we also 
resulting 
result in

(xygen doesn’t bother the films at all.
But all agreed that—however they are made— 

thin films pose problems. The chances of pro­
ducing a good thin-film spot on a substrate are 
very high, it was said. With very uniform sub­
strates and films, yields of 90 per cent were re-

/ re­
are

state 
vide 
in 1 
ition 
nite 
d to

proach to microminiaturization—the circuit as­
sembled of conventional components or the solid 
circuit. Practical solid circuits, several panel mem­
bers contended, are still many years away. How­
ever, a spokesman for Texas Instruments reported 
hat TI had developed working practical com- 
)uter circuits for four customers.

Solid-circuit researchers, namely Westinghouse 
ind Texas Instruments, feel that their best chance 
)f a profitable course is to limit their objectives, 
he panel was told. In other words, the companies 
igree that they cannot extend themselves in every 
irea. At present they are attacking computer cir- 
uitry, with more complex functional blocks as 
he next likely step. ■ ■

lade 
hng,

“We must have a product before we can estab­
lish standards.”

Perhaps improved system reliability would be 
best achieved by redundancy, one panel member 
suggested. The smaller size of microminiature 
circuits lend themselves to duplication as a 
“spare” in the event of failure, he noted.

The objectives of microminiaturization were 
given as reliability, low cost and simpler compo­
nents. One panelist pointed out that reliability 
and cost were closely allied.

“We can reduce cost,” he said, “by reducing

For complete specifications or to dis­
cuss your problem with o TMI applica­
tions engineer write or call

But a 90 per cent yield is not adequate when 
a plate of 2,500 spots per sq in. is to be produced, 
the panel reported. One bad spot can make the 
plane useless.

One approach advocated for this problem is to 
mount two planes back to back. Then, with a 90 
per cent yield per plane, chances are excellent 
that a perfect array will result—that at each posi­
tion there will be at least one good spot.
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TMI pioneers again to make commercially available a newly devel­
oped advanced core memory product. Type LQ memory products 
provide a complete clear/write and read/restore memory cycle at 
rates to one megacycle, utilizing a new word select design tech 
mque. These products are offered by Telemeter Magnetics in any 
form desired —from cores to complete memory systems.

Cotes For those memory manufacturers who prefer to wire their 
own arrays. TMI word-select ferrite cores may be ordered now. 
These high speed cores provide extremely fast switching with low 
drive current

Arrays and Stacks You may take advantage of the skill and 
production efficiency developed at TMI in manufacturing millions 
of cores, most of which have been assembled into arrays and 
memory stacks. This know how is being applied to assembly of the 
new word select cores into configurations to meet virtually any 
high speed computer design need.

Memories A new ultra-speed memory—the Type LQ—is available 
for commercial delivery in late 1960 Operating speeds up to 10 
microsecond random access cycle time are now economical and 
result from the development of special ferrite cores and advanced 
driving and sensing circuits. The LQ word-select memory permits 
application to a wide variety of speed and capacity requirements.

Reliability 
Top Concern 
of Specialist

Do we have standards of reliability?” asked 
observer at a microelectronics session of the

TELEMETER MAGNETICS Ino
P O Box 329, Culver City, California
Data Equipment Division. 9937 Jefferson Blvd., Culver City, Calif
Components Division, 2245 Pontius Ave., Los Angeles, Calif.

PIONEERS IN DEVELOPMENT AND MANUFACTURE OF CORE MEMORY PRODUCTS

Complete 
Core 
Memory 
Cycle 
with
TMI 
Word-Select 
Technique
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TO50

TEMPERATURE CYCLED----- 65 C TO 
I 200°C (100%).
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INSTANTANEOUS FORWARD VUI ’
AGE DROP-0.65V MAX. u 20 AMPS.

tube to convert its information

I ONG LIFE - UNCONDITIONALLY
GUARANTEED FOR 1 YEAR

ALLOY JUNCTION - INSURES PFR
FORMAN* r RI PEMABH |T /

RATED PIV.

EFFICIENT - FORWARD TO BACK
CONDUCTANCE AS HIGH AS 3.5 X
10*: 1.0.

DALLONS
spells

REVERSE CURRENT - 5 MA @

BEST HEAT DISSIPATION CHARAC­
TERISTICS.

INSPECTED -100% FOR ALL PRO­
DUCTION UNITS.

LOW TEMPERATURE PIV - EXCEEDS 
MIL-E ID REQUIREMENTS.

INSURED BY BUILT-IN QUALITY.

600 PIV

UP TO
35 AMPS

WHAT MAKES THE MOST RELIABLE SILICON RECTIFIER?
..............3 THINGS
1st - THE PROPER ENGINEERING PHILOSOPHY AND HERITAGE.
2nd-10 YEARS OF SOLID STATE COMPONENT MANUFACTURING WITH COMPE 

TENT PERSONNEL AND EQUIPMENT.
3rd - 100% ENVIRONMENTAL TESTING FOR ALL PRODUCTION.
..............TAKEN TOGETHER, THE RESULT IS A DALLONS SILICON RECTIFIER. 
BE A DISCRIMINATING CIRCUIT DESIGNER AND EXPERIENCE A NEW DEGREE OF 
RELIABILITY ON YOUR PROJECT. YOUR DALLONS ENGINEER IS READY TO ASSIST. 
YOUR MOST RIGID RECTIFICATION REQUIREMENTS ARE INVITED.
WRITE TODAY FOR SPECIFICATIONS AND COMPLETE TECHNICAL INFORMATION.

DALLONS SEMICONDUCTORS
A DIVISION OF DALLONS LABORATORIES INC

5066 SANTA MONICA BLVD.

NEWS

Enlargement of a high-reso­
lution aerial photo of a Boston
neighborhood was processed in
part by CBS Laboratories Pho-
toscan system. This photo is a
15-diam blow-up of a 272-by-
2'/2-in. negative. The negative
was made with a special cam-
era and film. The original film
with extremely high resolution
was scanned by a line-scan

to an electrical signal. The sig-
nal was then played back over
a ‘ simulated data link’’ to pro-
vide the light beam that ex­
posed the negative from which
this photo was made. Resolu-
tion of the enlargement is on
the order of 40 lines per mm.

Recon System Designed to Radio 
Photos Without Loss of Detail

AN airborne visual reconnaissance sys­
tem based on a new scanning tube 

and other improvements reportedly can 
telemeter photos without losing detail. 
When fully developed, the Photoscan sys­
tem is expected to be capable of trans­
mitting to viewers on the ground a 2-1/2- 
by-2-l/2-in. aerial photo with a resolu­
tion approaching 40 (lines per mm. 
Transmission time would be less than 3 
sec.

Heart of the system is a flying-spot 
line-scan tube of new design that scans 
at rates up to 20 kc. Also used is image 
enhancement in both vertical and hori­
zontal directions, an electron gun built 
to extremely close tolerances, and a new 
photomultiplier tube.

Photoscan is being developed by CBS 
Laboratories of Stamford, Conn.

The system operates this way:
Movie film exposed by an aerial cam­

era is developed in seconds by a film 
processor and fed to a temporary storage 
unit to await scanning and transmission 
of its image.

The image is scanned by a flying spot 
focused through a lens that can be oscil­
lated. Scanning can be done in two ways: 
with the film momentarily stopped and 
the horizontal and vertical scans provided 
by the flying spot and moving lens; or 
with the film moving and the two scans 
provided by the flying spot and the mo­
tion of the film.

Light from the flying spot passes 
through the film, after being modulated 
by the film’s density, and is picked up 
by a photomultiplier. The electrical sig­
nal from the photomultiplier is fed to a
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KINNEY VACUUM DIVISION 
THE NEW YORK AIR BRAKE COMPANY

Name___  

Company. 

Address_

City_____
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Zone____ State.

356IC WASHINGTON STREET • BOSTON 30 • MASS.x3>

I Please send me full information on KINNEY UH-9 Ultra 
I High Vacuum System.

IN

KINNEY

Line-scan tube on which Photoscan system is based has a phosphor-coated anode that 
rotates at 1,600 rpm to provide a high-density flying spot for scanning of film. Anode, shown 
disassembled in foreground, has a motor rotor on its shaft.
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Encapsulated line-scan tube is a production 
version for military environments.

video amplifier and processor and finally 
goes to a transmitter.

At the receiving station, the process is 
reversed. The video signal is processed in 
an amplifier, sync separator and enhance­
ment circuitry. The signal modulates an­
other line-scan tube that generates a 
spot, which exposes film. The film is rap­
idly processed and sent to a viewer.

Airborne Components Lightweight
CBS reports that the airborne com- 

[ onents weigh less than 100 lb, including 
making camera, film processor and trans- 
i lifting equipment rugged to specifica-

STATOR

ENVELOPE

MOTOR 
ARMATURE

PHOSPHOR COATED 
ANODE DRUM -

tions. Total power drain is about 100 w. 
An aircrafts standard wideband teleme­
tering equipment may be used for the 
transmissions. CBS is still experimenting 
with equipment and has not developed a 
prototype ground unit. Receptions are 
being handled by a special laboratory 
unit with duplicated circuits and com­
ponents.

Scanner Has Rotating Anode
The flying-spot, line-scan tube is capa­

ble of generating a high-intensity, small­
diameter spot of constant density. The 
tube has a rotating anode (see illustra­
tions) driven by a motor within the tube 
envelope. CBS designers adopted a ro­
tating anode to eliminate the phosphor 
burning that normally accompanies re­
petitive scanning of a single line.

To reduce irregularities in the phos­
phor surface, the phosphor is deposited 
electrically on the surface of the anode, 
which is a stainless steel drum. The drum 
is driven by a motor, the rotor of which 
is on the shaft of the drum and within 
the tube’s glass envelope and vacuum. 
The rotor is powered by an external field 
that does not interfere with the normal 
fields of the tube. The stator is outside 
the vacuum.

Another advantage of a rotating anode, 
the designers report, is the fast dissipa­
tion of heat generated by the electron 
beam. Heat is dissipated over the entire 
drum volume.

UH-9 ULTRA HIGH VACUUM SYSTEM 
for Work in the 10'9 mm Hg Range

A most significant advance in High Vacuum Technology, 
which brings yesterday's theoretical pressures to you in a 
practical working tool! The KINNEY UH-9, employing differ­
ential Pumping, gives you 1 x IO9 mm Hg or better, enabling 
you to arrive at determinations that were, heretofore, unat­
tainable. Write for full information today.
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$-30

GLASS

N-30

C-42

VIDEO 
INPUT

ULTRASONIC QUARTZ
DELAY LINE A

ULTRASONIC QUARTZ

DELAY LINE B

LINE C

—b DIFFERENCE 
I AMPLIFIER A

+ AMPLIFIER B

A-C
VIDEO

PROCESSOR

VIDEO

ADDER

OUTPUT 
AMPLIFIER

VIDEO 
OUTPUT

Vertical aperture compensation circuit shows how 
signals for three scanning lines are processed to pro­
vide enhancement of final image. Equalizing signal 
representing the difference in information carried by 
adjoining scan lines is added to output. Video proces­
sor contains amplifying, compensating and other cir­
cuitry.
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Cali your Corning distributor for electronic components you need in a hurry. 
He’ll ship them immediately ... via messenger or taxicab if necessary.
Resistors or other reliable Corning components can be
in your hands within an hour ... or even a half-hour, depending on the distance.

.. This quick service from complete stocks, plus technical 
assistance when you need it, makes your local 
Corning distributor a valuable asset to your operation.
Give him a call and watch the results.

If you don’t know the name of your nearest Corning 
distributor, write to: Electronics Distributor Division

ERIE RESISTOR CORPORATION
Erie, Pennsylvania
• ‘ ■

I /
All Corning resistors, like this

ELECTRON OMPi PYREX brand glass. Metallic

Distributed exclusively by
^DISTRIBUTOR DIVISION

oxide becomes an integral p*rt 
of the glass surface by bonding 
at red heat. Result: rugged 
resistors accurate up to 200°C 
-impervious to moisture.

The drum rotates at 1,600 rpm, and its length 
is scanned by the spot in 0.00005 sec. If neces­
sary, CBS says, the scanning rate can be pushed 
as high as 100 mc.

The tube’s design places the spot of light on 
the same side of the phosphor as the electron 
gun. This direct generation of light on the phos­
phor surface makes it possible, according to the 
company, to operate the tube with such efficiency 
that halo effect caused by multiple reflections in 
the tube face is eliminated.

Peak power supply for the tube is 25,000 v at 
100 pamp. Intensity of the electron beam is 100 
pamp. Size of the spot on the phosphor is 1
circular mil. This spot eventually reaches 
film surface as a spot 0.005 mm in diameter.

the

Standard and Novel Electronics Used

Standard electronics are used for most of the 
processing of the video signal that is to be trans­
mitted. But while the signal is being amplified, 
and compensation and synchronization signals 
are added, an advanced type of gain control com­
pensates for uneven film exposure across single 
frames and keeps the average signal level con­
stant.

At the ground base the signal is reconstituted 
by more sophisticated techniques than can be 
used in the airborne equipment. Ground equip­
ment applies vertical and horizontal aperture 
compensation, continuous and completely flexible 
gamma correction, highlight aperture compensa­
tion and crispening to the signal, which may vary 
in bandwidth from 1 to 10 mc.

Circuit designers have developed special ver-
CIRCLE 34 ON READER-SERVICE CARD > 
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Airborne components for Photoscan arc miniaturized 
and made rugged. Total airborne package weighs less 
than 100 Ib. Unit at left contains a high-gain video 
amplifier that provides phosphor-decay compensation 
and power supplies. It also houses a signal-level, con­
trolled high-voltage source for the photomultiplier tube. 
At right is a completely solid-state synchronizing and 
scan generator. Silicon-jelly potting is used for insula­
tion and for suppression of arcing.

tical aperture compensation techniques in Photo­
scan that provide enhancement for information 
that lies parallel to the scanning line. They be­
lieve the technique is adaptable to interlaced tele­
vision.

The basic vertical aperture compensating cir­
cuit (see block diagram) processes three-line 
groups of adjacent scan lines. It uses the differ­
ence in information carried by two lines to gen­
erate an equalizing signal. Special ultrasonic 
quartz delay lines store individual lines of video 
information, so they can be compared.

If an individual spot in a line overlaps a dark 
and a light area, its signal is adjusted to give the 
spot either the dark or light tone of its adjacent 
spots, thus providing enhanced edge contrast.

Experience—the added alloy in A-L Electrical Steels

Higher permeability values now guaranteed 
for Allegheny Ludlum’s Moly Permalloy
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Electron Gun and Photomultiplier

The electron gun that generates the scanning 
beam has specially designed scanning and deflec­
tion coils mounted on the gun’s glass tube, where 
they are aligned. The coils must be mounted ex­
ternally to permit adjustment through the tubes 
encapsulation.

The photomultiplier tube developed for Photo­
scan has a dynode structure designed to reduce 
the transit time spread of the signal pulse. Be­
cause of the new structure, transit time spread in 
t le tube is 2 to 3 psec. This helps provide a band- 
\ /idth on the order of 3 to 5 x 108 cps.

The company, which is developing the system 
i nder a military contract, has not disclosed which 
s wice is sponsoring the project. CBS Laboratories 
ire known to be working on the Samos recon­
i aissance satellite program, however. ■ ■
* CIRCLE 34 ON READER-SERVICE CARD
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Means new, consistent and predictable 
magnetic core performance
Molybdenum Permalloy nickel-iron strip is now available 
from Allegheny Ludlum, with higher guaranteed perme­
ability values than former typical values. For the buyer, 
this new high quality means greater un/ormity ... more 
consistent and predictable magnetic core performance.

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

WSW 7400

ALLEGHENY LUDLUM
STIILMAKIRS TO THS KLSCTRICAL INDUSTRY

Export distribution, Eloctrical Matoriala: AIRCO INTERNATIONAL INC., NYC 17

Export distribution, Laminations: AD. AURIEMA, NYC 4
CIRCLE 35 ON READER-SERVICE CARD

including Silectron, well-known grain-oriented silicon 
steel, and other magnetic alloys.

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

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

Address Dept, ED-27

D
37
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TANTALUM

CAPACITORS

CONSTRUCTIONWELD

PERFORMANCE

SPECIALISTS IN CAPACITOR MINIATURIZATION
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TINNED 
METAL 
CASE —

METAL 
SPRAY 
COATING

INSULATING 
WASHER

GLASS 
TERMINAL

TANTALUM 
ANODE

SOLOERABLE
LEADS - - - - - -

255 Grant Avenue 
East Newark, New Jersey

The Astron solid tantalum 
electrolyte capacitor is 
constructed with the 
tantalum anode firmly 
embedded in solder. The 
hermetically sealed case 
containing solid materials 
only insures low leakage and 
improved reliability.

ASTRON SOLID

ELECTRONIC DESIGN • March 16, 1960

Results of static-flring tests for the Saturn booster will be recorded in this instrumentation room 
at the Army Ballistic Missile Agency, Huntsville, Ala. The room is in the agency's test laboratory 
blockhouse. The tape and strip-chart recorders that circle the room will be controlled by the master 
control panel in the center. The Saturn is being developed for the National Aeronautics and Space 
Administration.

FOR COMPLETE INFORMATION WRITE 
TODAY FOR BULLETIN E-67SA AND FOR 

ASTRON'S DESIGN ENGINEER 
PUBLICATION, TECHNIQUES 

VOL. 59. NO. 2

SOLDER- - - - - - - - -  
ENCAPSULATION

The Astron subminiature 
tantalum capacitor is rugged 
— proven to withstand 
vibrations to 2000 cycles and 
35 g’s - 150 g shock and 
200 g acceleration.
The Astron solid tantalum 
capacitor is reliable.
Quality control to military 
standards provides reliability 
under extreme environmental 
conditions and over a 
temperature range of 
—80°C to +125°C.

The Astron Solid Tantalum 
Capacitor has these features: 
• Dry, solid construction 
• Subminiature size 
• Capacitance stability 
• Low current leakage 
• Indefinite shelf life 
• Meets military requirements

These spun aluminum bulkheads 
will be used in the 70-in. booster tanks 
to be used in the Saturn missile cluster. 
The 1,500,000-lb pound thrust booster 
in the Saturn booster is shown in pro­
duction. Aluminum Co. of America is 
supplying aluminum for the tanks.

Guidance of the Navy’s Terrier missile is the function of these nine SPG-55 radar installations 
now in operation at Sperry Gyroscope's plant at MacArthur Field, L.I., N.Y.
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LOX tanks and other fuel tanks are 
shown under construction at Redstone 
Arsenal’s fabrication and assembly en­
gineering laboratory.

Model pictured is a unique design, developed by 
Hydro-Aire Electronics for ground support equipment, 
which combines three AC/DC Power Supplies in one package.

liions

The skin for one of the 70-in. tanks 
in the Saturn booster is shown in produc­
tion. Aluminum Co. of America is sup­
plying aluminum for the tanks.

Another New Hydro-Aire Product 

oom 
itory 
aster 
aace

for the Aircraft, Missile Support,
Missile and Electronics Industries
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The 175-ft-high Saturn static test 
stand at Redstone Arsenal, Ala. The 
ower was used previously for Redstone 

□nd Jupiter tests.

Write for Catalog Order your copy of our new Electronics catalog. It contains detailed 
facts, specifications. Send for your copy today — on your letterhead, please.

Solid state devices include 
time delay relays voltage 
regulators, power supplies 
inverters Rotating compo 
nents motors, tachometers, 
generators

HWAIM
Bl R B A N K . CALIFORNIA 

Division of CRANE CO

The AC/DC Power Supply shown is typical of many new electronic products being developed, 
engineered and produced by Hydro-Aire—a name well known for quality, reliability and 
fast delivery. The unit illustrated is one of a unique family of fixed voltage, transistorized, 
power supplies. Through unusual design, Hydro-Aire engineers have combined three power 
supplies into a single package. The same basic circuit allows regulated outputs over a wide 
range. Range is determined by selection of transistorized, printed circuit, plug-in modules.

Characteristics Model #50-121
Input: 120 ± 5 % VAC
Outputs: 28 VDC @ 2.5 amp; 120 VDC @ 250 ma;
250 VDC @ 500 ma
Regulation: ±0.1% for combined temperature, time and load variations 
Temperature: — lO’Fto +125°F operating; — 54°Fto + 165°F non-operating 
Ripple: 5 millivolts RMS (maximum)
Size: 8% x 17 x 20 (for 19" rack mounting)
Weight: approximately 70 lbs.
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Miniature Assembly Line Producing
1,800 Computer Transistors

Per Hr

Turntables of IBM s assembly 
system inject transistor parts 
into carbon boats for transport 
on system’s conveyor. Photo­
cell and mechanical devices at 
each turntable signal the rpa- 
chme to reject boats with miss­
ing or poorly positioned parts.

new DYKOR all-solid state photo-electric 
reader offers optimum reliability, faster 
stops and higher reading speeds...

A MINIATURE automatic assembly line is now 
turning out 1,800 computer transistors per hr. 

International Business Machines Corp, has de­
veloped the assembly system. Its machine for 
doing the work has just completed successfully 
its first test-month of production.

The 500-sq-ft machine has nine units, joined by

For applications such as digital computers, ma­
chine tool control and tape conversion, the fastest, 
most accurate Tape Reader available is the unique 
DYKOR 3500. Built by pioneers in data processing 
technology, the 3500 provides high reliability at 
high tape speeds.

CIGITRONICS INVITES INQUJRIES FROM QUAI IF I f 0 ENGINEERS FAMILIAR WITH DIGITAL TECHNIQUES SOME TERRITORIES OPEN FOR REPRESENTATION

CIRCLE 38 ON READER-SERVICE CARD
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MODEL 4500 This DYKOR reel/ 
strip Reader handles 8** or IO’/?" 
reels or strips interchangeably.

An automatic transistor assembly system has been developed by International Business Machines 
Corp. Units of machine (clockwise from upper right): three turntables for loading collector dots, 
germanium disks and emitter dots into carbon cylinders, or "boats"; oven for alloying of parts; two 
turntables for positioning of base tabs and emitter wires; oven for bonding parts; turntable for po­
sitioning collector wire; and welding unit.

IGITRONICS CORF.
103 Albertson Avenue • Albertson, L. I., N.Y. • Pioneer 7 5090

* STOPS FASTER—Before the next chararter at 1,000 char./see.
* READS FASTER—1,500 char./sec. (or faster if required).
* RELIABILITY ASSURED—By use of silicon photo-diodes, com­

pletely transistorized circuitry on etched circuit boards, 
simple integrated optical system with regulated lamp current.

• VERSATILITY—5, 6, 7 or 8-channel tapes handled inter­
changeably Reads any standard tape material including oiled 
yellow Teletype paper.

• SIMPLE HANDLING—In-line load and unload.
• CHOICE OF SINGLE OR DUAL SPEEDS. Spooler unit avail­

able

MODEL 3500

PERFORATED 
TAPE READER
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Static power unit for 
this nation's most 
advanced jet bomber

Magnetic Amplifiers 
Transistor-regulated 
Supplies

20-Amp Silicon T/R used 
on Chance-Vought F-8-U 
and Douglas A4D-2N

Launcher power supply 
for lockheed's F-104 
Starfighter

Complete Systems 
High-voltage Supplies 
Inverters

• DC Transformers
• T/R units
• Partial Systems

Let us knou your requirements ... icrite, wire,.or phone

1,800 transistors per 
hr are produced by IBM’s 
system. It is the first auto­
mated means of making 
the npn alloy ¡unction 
transistor.

Plug and boat, shown being fitted together, serve 
to position and transport tiny parts through automatic 
transistor assembly system. Made of hard carbon, boats 
and plugs have tolerances as close as 0.0005 in. for 
precise positioning of transistor parts during alloying, 
bonding and welding.

The Industrial Products Division of ITT offers a complete facility 
for custom airborne, ground, and ground-support power equip­
ment and systems. Backed by the research, development, manu­
facturing, and technical experience of the worldwide International 
Telephone and Telegraph Corporation, we can package power 
equipment with built-in reliability to your exact requirements. 
Our complete engineering staff and environmental testing facili­
ties enable us to supply reliable, high-quality units and systems, 
both quickly and at reasonable cost —

conveyers, it automatically assembles six transis­
tor parts. The machine is roughly five times faster 
than the semi-automatic assembly of transistors 
now in general use. It has by far the highest pro­
duction rate of the few existing automatic meth­
ods, IBM reports.

Holding tolerances as close as 0.0005 in., the 
IBM machine is reported able to produce tran­
sistors of greater uniformity than those made by 
previous methods.

IBM’s system is the first automatic means of 
making the npn alloy junction transistor, a basic 
component of the company’s powerful computers. 
With modification, the system can produce any 
type of alloyed transistor. ■ ■
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Typical ITT Power Units. More than 50 different models of ITT 
power equipment are proving themselves in use every day.
THE LATEST IN STATIC POWER DESIGN

We have a complete line of fully qualified static power equipment, 
from 20 to 200 amps, in silicon or selenium. No moving parts. 
Long life — models up to 10,000 hours.

1 I I II I I Industrial Products Division
■ ■ ■ INTERNATIONAL TELEPHONE & TELEGRAPH CORPORATION

—mAmhJLbibJLm 15191 Bledsoe St. • San Fernando, Calif.
ITT provides power source tor Convair's
B-58 Hustler — a completely integrated REGIONAL OFFICES: NEW YORK (Lodi. N.J ), PRescott 3-1550, DALLAS. Fleetwood 1-4468 
electrical power system CHICAGO. LOng Beach 1-3936; LOS ANGELES (San Fernando), EMpire 7-6161
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Computer Tasks Vary at NBS

42

Translation of Russian tech-

ects at NBS. Here Ida Rhodes
of the bureau translates a sen­

translation methods. Clauses

New York.

CIRCLE 40 ON READER-SERVICE CARD

135®C all-siUcon uniti available bow

Interelectronics all-silicon thyratron-like gat- 
ing elements and cubic-grain toroidal magnetic 
components convert DC to any desired number 
of AC or DC outputs from 1 to 10,000 watts.

Ultra-reliable in operation (over 260,000 
logged hours), no moving parts, unharmed by 
shorting output or reversing input polarity. 
High conversion efficiency (to 92%, including 
voltage regulation by Interelectronics patented 
reflex high-efficiency magnetic amplifier cir­
cuitry.)

Light weight (to 6 watts/oz.), compact (to 
8 watts/cu. in.), low ripple (to 0.01 mv. p-p), 
excellent voltage regulation (to 0.1%), precise 
frequency control (to 0.2% with Interelectronics 
extreme environment magnetostrictive stand­
ards or to 0.0001% with fork or piezoelectric 
standards.)

Complies with MIL specs, for shock (100G 
11 mlsc.), acceleration (100G 15 min.), vibra­
tion (100G 5 to 5,000 cps.), temperature (to 
150 degrees C), RF noise (1-26600).

AC single and polyphase units supply sine 
waveform output (to 2% harmonics), will 
deliver up to ten times rated line current into 
a short circuit or actuate MIL type magnetic 
circuit breakers or fuses, will start gyros and 
motors with starting current surges up to ten 
times normal operating line current.

Now in use in major missiles, powering
telemeter transmitters, radar beacons, elec­
tronic equipment. Single and polyphase units 
now power airborne and marine missile gyros, 
synchros, servos, magnetic amplifiers.

Interelectronics—first and most experienced
in the solid-state power supply field produces 
its own all-silicon solid-state gating elements, 
all high flux density magnetic components, 
high temperature ultra-reliable film capacitors 
and components, has complete facilities and 
know how—has designed and delivered more 
working KVA than any other firm!

For complete engineering data, write Inter*
electronics today, or call LUdlow 4-6200 in

INTERELECTRONICS CORP
2432 or. Concouru, H. Y. 58, N. Y.

Laboratory Facilities Helping to Solve 
Problems Of Other Government Agencies

IBM 704 is used by NBS to 
tackle problems for other Gov­
ernment agencies. One project 
at this facility is the use of 
linear programing techniques 
in the selection of radio navi­
gation frequencies for the Fed­
eral Aviation Agency.

OMPUTER solutions to problems of na- 
tional interest, ranging from traffic jams to 

military strategy, are being sought by the Na­
tional Bureau of Standards’ Computation Labo­
ratory.

Requests for assistance from Government 
agencies have led to the use of the NBS compu­
tation facilities for an odd assortment of tasks.

Battlefield strategy is the object of a war 
game, called Autotag, played on the Bureau’s
IBM 704. The ‘ game is designed to evaluate the

nical information into English 
is one of the continuing proj­

tence, showing how structure 
and syntax are included in 

and phrases along with punc­
tuation, rather than individual 
words, are analyzed and inter-
preted.

itol, 
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performance of anti-armor weapons systems 
under varying conditions. Two “sides” are 
formed, each with up to 31 mine fields and ar­
tillery pieces. The results of ensuing battles are 
stored on computer tape for statistical analysis.

Equations to predict traffic patterns are being 
formulated in another study. These equations 
will be used by the Bureau of Public Roads for 
more effective highway design.

eart 
,Yc 

fnetH( 
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Some of the other computer tasks assigned to
NBS are illustrated on these pages. ■ ■
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A COMPLETELY NEW KIND OF SHIFT REGISTER
USING MAGNETIC ELEMENTS ONLY

(1 to

Here is the first commercially available line of all­
magnetic shift registers. Now you can have both non­
destructive dynamic and static output in the same 
register. Now you can have the minimum number of 
components, the minimum number bit to bit inter­
connections and any serial/paraltel input and output 
combination. Made with AMP multiaperture ferrite 
cores and copper wire only (see schematic below),

icing 
bons 
s for

Japan • West Germany

the AMP Shift Register line has a number of other 
useful features:
•—40 °C to +75°C temperature operating range
•minor aperture output level up to 100 mw at sev­

eral volts
•immune to nuclear radiation
•small size—ideal for miniaturization requirements
•ultimate in reliability and simplification

L ECTRONIC DESIGN • March 16, 1960
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iigital techniques to study heartbeat data are being 
eveloped by NBS. It is hoped that these techniques 
ill improve procedures used in diagnosing various 
leart ailments. At left are oscilloscope traces of the 
(, y and Z components of a heart vector. Under present 
methods, these are analyzed by two-dimensional pro­
ections of the space curve generated by the coordi­
nate values, as shown at right. NBS is working on ma- 

hine methods for accomplishing this analysis.

Visit us at the IRE Show 

March 21-24, 1960 

Booths 2527-2531

AMP products and engineering assistance are available through subsidiary companies in: Australia • Canada • England • France • Holland
CIRCLE 41 ON READER-SERVICE CARD

Analog-to-digital converter to change heartbeat 
fata into digital form for analysis has been developed 
)y the NBS Data Processing Systems Laboratory. Here 
)r. H. L. Mason of the bureau watches Mrs. H. A. Pip- 
lerger, a medical technician from Georgetown Hos- 
)ital, select a particular cardiac complex by monitor- 
ng oscilloscope signals.

10 BIT REGISTER 
ACTUAL SIZE

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

AMP Incorporated

AMP-MAD SHIFT REGISTER

READOUT DRIVE

DYNAMIC OUTPUT

BIT 
INPUT

non-Dsrrwucri VE 
STATIC OUTPUT

CLOCK DRIVE INPUT
ADVANCE 'C’TO ’■* 
ADVANCE *W" TO*O“

PRIME CURRENT
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NEWSINDUSTRO
KEEPS MOVING AHEAD!

BMEWS Installation ProvidesDO YOU?

Duplexers to protect receivers in the BMEWS 
radar subsystem are tested in a resonant ring set up 
at General Electric Co.:s high power radar laboratory 
in Syracuse, N. Y.

BMEWS transmitter performance is checked b) 
General engineers. From these consoles, energy flow ii 
the 9-ft-high klystron tubes in the power amplifiers co' 
be precisely adjusted.

High-speed scanning switch for surveillance radar in the Air Force s Ballistic Missile Early Warning System is he 
being installed at an arctic site. The rotary switch, used to distribute transmitter power in the multimillion-watt ran 
to radar feedhorns, is inside a housing 21-ft in diameter and 16-ft high.

DIFFUSED SILICON MESA TRANSISTORS 
GERMANIUM ALLOY JUNCTION TRANSISTORS 

SILICON CONTROLLED RECTIFIERS 
SILICON RECTIFIERS 

TUNNEL DIODES

35-10 36th Avenue, Long Island City 6, N. Y.
- EXeter 2-8000 -

CIRCLE 930 ON CAREER INQUIRY FORM, page 317
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Associate yourself with Industro for 

new opportunities in professionally 
fulfilling, creative engineering.

Radar System Being Completed Transmits Multimillion 
Watts, Receives Millimicromicrowatts

PROCESS
ENGINEERS: Minimum Requirements :

Two years semiconductor manufacturing expe­
rience.
B.S. in Electrical Engineering or Physics.

The Assignment: Developing high yield tech­
niques for premium quality semiconductors.

APPLICATIONS
ENGINEERS: Minimum Requirements:

Two years of circuit design related to semicon­
ductor product testing and applications.
B.S. in Electrical Engineering.

The Assignment: Liaison with sales organiza­
tion involving customer application problems.

QUALITY CONTROL
ENGINEERS: Minimum Requirements:

Two years experience in establishing and main­
taining the highest standards of quality and 
inspection methods for all phases of semicon­
ductor manufacturing. Must have thorough 
knowledge of Military Quality Assurance Speci­
fications.
B.S. in Electrical or Industrial Engineering.

The Assignment: To insure that Industro 
semiconductors continue to remain at the high­
est levels of quality in the industry.

OUR ASSOCIATES ENJOY full fringe bene­
fits, including stock options, hospitalization, 
group insurance . . . plus salaries fully com­
mensurate with experience and ability.

Forward resumes or telephone:

MR. ARCHIE McDOUGALL, Executive Vice President

—All inquiries will be completely confidential.

TRANSISTOR 
CORPORATION

Missile Surveillance

Ant
US3C 
surv 
th es 
p oc 
Gen 
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fr jn



Antenna reflector tow­
ers over workman and 
bulldozer at Arctic 
BMEWS site. The reflec­
tors are 165 ft high. The 
surface consists of 2,240 
5-by-7-ft steel screen 
panels, each bolted to 
the truss structure. The 
reflectors are 400 ft wide. 
Transmitted pulses are 
directed at these an­
tenna reflectors from 704 
feed-horns. Each feed­
horn must be set within 
1/16-in. tolerance, so 
that the energy will 
bounce off the reflectors 
at rhe proper angle. To 
direct the rf energy from 
the transmitter to these 
reflectors, 21 mi of wave­
guides are required. Spe­
cial construction prob­
lems had to be solved 
because of the high 
winds and low tempera­
tures at the site.
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Antenna reflector supports, each of 42-in. diam, are 
used with 1,500-ton reflectors that go with the BMEWS 
surveillance radar. Each of the reflectors has twenty of 
these supports. D. S. Kennedy Co. of Cohasset, Mass., 
p oduced the reflectors to the design requirements of 
General Electric Co. GE's Heavy Military Electronics 
D >pt. received the subcontract for the radar subsystem 
fr jm Radio Corp, of America, prime BMEWS contractor.

HERE’S WHY CENTRICORES ARE 
PROBABLY THE MOST CONSISTENTLY 
UNIFORM CORES YOU CAN BUY:
The exceptional uniformity you get in tape-wound Centri­
cores is not easy to come by. It’s the result of painstaking 
precision at every stage of the manufacturing process 
—and, in fact, before manufacturing. Three principal 
factors help produce Centricore uniformity:
Careful classification of materials—Raw alloys are first 
“pedigreed”—meticulously selected, then tested for some 
14 parameters, and classified by magnetic properties. 
We’re the largest buyer of nickel alloy magnetic materials 
in the world .. . which permits us to choose material 
for Centrieores from an unusually wide distribution of 
magnetic properties.
Special winding machines—We build our own machines, 
to die-making tolerances, for winding magnetic alloy tape 
into cores. We also build our own machines for applying 
insulating coating to the tape. These machines give us 
far greater uniformity in dimensions, insulation and ulti­
mate performance of Centrieores.

transformer laminations • motor laminations • tape-wound cores 
powdered molybdenum permalloy cores • electromagnetic shields

AGNETIC

Magnetic Metals Company 
Hayes Avenue at 21st Street, Camden 1, NJ.

Closely-controlled annealing—Annealing—perhaps the 
most critical phase of the core-making process—is done 
under precisely regulated atmospheric and temperature 
stabilized conditions to hold Centricore magnetic perform­
ance to uniformly high levels.
Exceptional uniformity from core to core and lot to lot 
is further assured with Super Squaremu “79”, a new 
high-performance alloy we’ve developed. It has outstand­
ing magnetic qualities and is remarkably uniform in 
squareness, thermal stability and gain. Super Squaremu 
“79” offers an effective solution to problems of variation 
in magnetic performance.
WRITE FOR BULLETIN C-3

★Special sizes, shapes and thicknesses quoted on request.

SIZE MATERIAL THICKNESS

1 HIGH NICKEL
Hymu 80 
Squaremu 79 
Super Squaremu 79

.001M*

THRU LOW NICKEL
Squaremu 49
Carpenter 49

THRU

225 GRAIN-ORIENTED SILICON
Crystaligned 
Microsil

.004’

Visit our booth—No. 1432—at the IRE Show, 
March 21-24, The Coliseum, New York City.
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DIGISWITCH relieves digitension

TIME BASE

OSCILLATOR

SAVE PANEL SPACE WITH THE DIGISWITCH

Human engineered switch design reduces switch 
reading and setting errors. 

Finger tip switch setting from visual decimal number 
to binary code (1, 2, 4, 8); to octal code U, 2, 4) 

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

Contacts rated for 200 volts, 1 ampere Contact resistance 0.1 ohms.
Write for complete specifications of Series 7300 Digiswitches. 

$ TRADF MARK ANO PATENT PENDING

660 SO. ARROYO PARKWAY, PASADENA, CALIFORNIA 
PHONE: MURRAY 1-9667

(1 VOLT! INPUT AMP

1.6 Million Pictures a Sec

POWER SUPPLY 
4KV 

(100 MAI

With New 35-Mm Camera

AN ultra-high-speed camera has been 
developed to take from 480 pictures 

a sec to 1.6 million at exposures down to 
0.05 psec. With the system, photos can 
be taken of wire explosions, arc dis­
charges, ultrasonic flow patterns and 
other high-speed phenomena.

The camera was originally designed by 
A. T. Ellis of the California Institute of 
Technology and is now being made in a 
commercial version by Benson-Lehner 
Corp., Santa Monica, Calif.

To achieve its high speeds, the cam­
era has a mirror mounted on the shaft of 
an air-driven turbine rotating at 100,000 
rpm. The mirror reflects images onto sta­
tionary 35-mm film, which can be either 
standard black-and-white or color.

Images are fed into the system by a 
Kerr-cell shutter activated and timed by 
a pulsing system. The shutter consists 
essentially of two polaroid filters, placed

litro

IPP1 
s rot

ator

PULSE FORMING 
(VACUUM TUBES 
* CONDENSER)

GATING 
(ELECTRONIC 

GATES)

DRIVER 
(3E29 TUBE)

5KV 
ADJUSTABLE 

POWER SUPPLY

180 
Q

OUTPUT 
(4PR60 TUBE) 

* TRANSFORMER

20KV 
ADJUSTABLE 

POWER SUPPLY

KERR CELL

DELAY
CIRCUIT

DURATION 
CIRCUIT

OSCILLATION DURATION DELAY FRAMING TACH

a no

TRIGGERING 
THYRATRON

LUMPED 
PARAMETER 

LINE

FLASH 
LAMP

tm a

ELECTRONIC 
COUNTER

tn t

m< x

Electronics of camera system provide timing, excitation and power supply. Kerr-cell 
shutter requires up to 18 kv and 20 amp for maximum generation of its field. Counter unit 
is optional. - nr e
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Ultra-high-speed camera set up to take 
avitafion photos has four units: (from left) 
ghting control, camera control, flash lamp 
nd camera with circular film box. Film lies 

hside the periphery of the box, with emulsion 
ocing a rotating mirror at the center axis. The 
hirror rotates at 100,000 rpm to flash images 
¡into film, which does not move.

THE SYMBOL OF A MOST 
UNUSUAL NEW DEVELOP­
MENT BY CANNON

cen 
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moRpho
Io block light, and a cell filled with 

litrobenzene. When an electrical field is 
ipplied to the cell, its polarization vector 
s rotated 90 deg and light passes through 
he system.
The pulser includes a time-base oscil- 

ator that generates a spike-shaped wave 
vith an amplitude of 25 v; frequency is 
idjustable between 2 cps and 2 mc. The 
iscillator signal is fed to a pulse-forming 
circuit containing modulator tubes and 
capacitors. In this circuit the negative 
component of the wave is removed, am- 
)litude is raised to 150 v, and the wave 
s integrated into a square pulse with a 
ise time of 2 psec.
A gating circuit releases the signal into 

i driver, whence it goes to the final out­
put stage and the Kerr-cell shutter.

Light transmission through the cell is 
i non-linear function of the applied volt­
age, and minimum effective exposure time 
is slightly less than half the rise time of 
the activating pulse. Benson-Lehner es- 
tiniates that a minimum effective exposure 
time of about 0.02 usee is theoretically 
possible with its Kerr-cell shutter. At 
maximum repetition rates, approximately 
18 kv at 20 amp are used to generate the 
Kerr-cell field.

Ihe system uses lighting equipment 
th t provides 400,000,000 lumens for 3 
msec. ■ ■

Meet MORPHO—he represents the 
most versatile plug you ever saw! 
MORPHO is Cannon Electric Com­
pany’s unusual new development for 
meeting many industrial and military 
requirements inexpensively. Check 
these features!« Crimp-type contacts 
supplied loose for crimping with a 
simple hand tool, or in belts for crimp­
ing with a semi-automatic tool ■ Eas­
iest installation ever, just snap into 
insulators, module insulators de­
signed for alternate positioning for 
maximum adaptability« Hermaphro­
dite design, contacts and insulators 
can be used in either plug or recep­
tacle! MORPHO plugs have been 
tested to severe requirements, are 
available in different configurations 
with a wide range of contact layouts. 
Write for Catalog MH-1 today and 
meet MORPHO for yourself...another 
reason why you should always con­
sult the first name in plugs — why 
you should consult Cannon for all your 

plug requirements.

• trademark 
pat pend

CANNON ELECTRIC CO., 3208 Humboldt St, Los Angeles 31, Calif.

CANNON 
® PLUGS

Meet MORPHO at the IRE show, 
booths 2628-32

CIRCLE 45 ON READER-SERVICE CARD
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CABLE A

Coaxial Cable

Í <
48

YOU WRITE THE SPECS
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Polyethylene

Insulation

Neoprene

Jacket

H raided
Copper

Shield

Conductors to
MILW 16878C

Silver plated

Shield

Tinned Copper
Shield Polyvinylchloride

Jacket

How the Indicator Works

Se* you at IRE Booth 4103
CIRCLE 46 ON READER-SERVICE CARD CIRCLE 47 ON READER-SERVICE CARC >

jects.

in blue.

* c c*biP

WE 8 9141

Optical Celestial Tracker Separates
Moving Targets on 2-Color Screen

CABLE B

Above are two examples of Alpha's diversified range of custom
cabling capabilities to meet Mil or vour own specifications. There
are virtuallv np minimum quantities required In fact, the complete
order tor ( able B called tor 10 sections each of 1 3-feet 4-inch lengths.

EX® Tubine ï

ALPHA WIRE CORPORATION • 200 Vanek Street. New York 14. N Y • AL 5-5400

Pacific Division: 1871 So Orange Drive. Los Angeles 19. California
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N OPTICAL system for tracking ob­
jects in outer space is reported able 

to display moving-target information in 
one color against a background of sta­
tionary information in another color.

Called a celestial moving-target indi­
cator by its developer, ACF Electronics of
Paramus, N.J., the system is designed to
satisfy a requirement associated with
satellite and missile tracking programs 
that cannot now be satisfied by any pres­
ently existing equipment.

A telescope in the indicator views a 
sky field and directs the image onto a 
beam intensifier. The output stage of the 
intensifier is a P-7 phosphor screen of the 
type used by most radars and long-per­
sistence scopes. Fixed objects in outer 
space fluoresce blue and phosphoresce 
yellow simultaneously on the screen, 
while moving objects phosphoresce
yellow.

The blue-yellow light of fixed objects 
is separated and used to develop inde­

Indicator for tracking objects in space separates moving from fixed targets by color.
- System would give best results when operated outside earth’s atmosphere.

pendent electrical signals. The signal fr i 
the yellow light contains position infoi 
mation on fixed and moving objects, whi] 
the signal from the blue light contains 
essentially only information on fixed o

A difference circuit compares the blu 
and yellow signals and yields a signal 
that describes the position of only th 
moving objects. This signal is combine 
with star reference material and displaye 
on a two-color crt. In practical use, AC 
reports, the moving source can be repre 
sented in red, with the star backgroun

The company reports that range i 
thousands of miles and that the uni 

can operate from the surface of the eart 
despite dust and other atmospheric in 
terference. Best results, however, woul 
be obtained from an orbiting platform
ACF says.

The technique is said to be applicabl 
to the tracking of orbiting satellites, mis 
siles carrying flash bombs, and to rocket 
during their boost phase. ■ ■
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Amateur Radio Pioneer Retires 
' ro Play with Amateur Radio"

John L. Reinartz, a pioneer in amateur radio, 
has retired from the Amateur Service Dept, 
of an electronics company—so he can have “more 
time to play with amateur radio.”

Mr. Reinartz was lauded upon his retirement by 
prominent persons in the electronics industry 
and the military, including Herbert Hoover Jr. 
and Lt. Gen. Francis H. Griswold, vice com­
mander of the Strategic Air Command.

Mr. Reinartz, who first theorized that short 
waves are reflected by the Heaviside layer of the 
atmosphere, holds 28 patents in radio communi­
cations with Radio Corp, of America and Eitel- 
McCullough, the corporation from which he is 
retiring.

In 1908, when he was 14 years old, Mr. Rein­
artz got interested in radio and built a station 
from scrap parts.

As radio grew, so did his enthusiasm and 
abilities. In 1923 he participated in the first two- 
way contact between points in the United States 
and Europe. When Richard Byrd attempted his 
first flight over the North Pole, he chose Mr. 
Reinartz to handle the expedition’s communica­
tions.

During World War II Mr. Reinartz was a 
captain in the Navy and participated in com­
munications and radar developments.
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J» Hughes MEMO-SCOPE Oscillo- 
scope: The Hughes MEMO-SCOPE 
Oscilloscope is one of the most versa­
tile measuring and recording devices 

available to science and industry today. It is a dual 
service instrument—for storage or conventional 
oscilloscopy. Features: simplified panel layout and 
carefully designed trigger circuit for ease of oper­
ation: built-in single sweep ("one-shot") trigger 
circuit to avoid cluttered display; advanced me­
chanical design for better cooling and easier 
maintenance.

John Reinartz examines a 
€ CIRCLE 47 ON READER-SERVICE 
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modern transmitter

New Storage Tube Burn-Out Protection! 
A circuit designed to protect the delicate storage 
mesh surface is now incorporated in the Hughes 
MEMO-SCOPE Oscilloscope. This circuit renders 
it virtually impossible to burn the storage tube 
unintentionally as a recult of improper operation 
of the intensity control on the instrument. The 
intensity control is automatically adjusted by the 
new protective circuit in the event the operator 
suddenly switches from the fastest sweep rate to 
the slowest without decreasing the intensity (an 
action which formerly might burn the tube), or in 
the event of similar operational errors.

For more precise 
measurement 
of transients

Hughes Scop« Cart: Especially 
designed for the MEMO SCOPE 

• VflHP Oscilloscope, an allaluminum 
I scope cart facilitates movement

_ of the instrument to different
- locations for varied applications.

WiB Features: mounting provisions
9 । for two spare amplifiers, 6'

* retractable power cord for con­
venience in connecting equipment, ample drawer 
space, accessibility from both sides, pull-out 
writing board, full-swivel casters for ease of 
movement from one area to another.

Hughes 
MEMO-SCOPE" 
Oscilloscope
The new Hughes MEMO-SCOPE 
Oscilloscope offers you higher 
performance, greater dependability 
and easier operation in all of your 
transient measurements. Maximum 
accuracy is assured by new 
advanced circuitry, new panel 
layout, new mechanical design and 
many other added features.
The MEMO-SCOPE Oscilloscope 
eliminates expensive "hit-or-miss” 
methods of measuring non­
recurring transients. It stores 
nonrepetitive events for an indefinite 
period—hours, or days—keeping 
them available for thorough study 
until intentionally erased.
For full information on how the 
MEMO-SCOPE Oscilloscope can 
help solve your measurement 
problems, write today to: Hughes, 
Industrial Systems Division, 
International Airport Station, 
Los Angeles 45, California.
For export information, 
please write: Hughes International, 
Culver City, California.

Hughes Multitracer 
Unit: Designed to oper­
ate in conjunction with 
the MEMO-SCOPE Oscil­
loscope, the portable

• Hughes Multitracer enables you to store and com- 
1 pare up to 20 stepped-down traces in one display. 
। The stored sweeps appear at equal, preselected 
1 intervals forming a raster type of display. The 
J all-electronic Multitracer is a combined attenuator, 
। gate amplifier and storage counter designed to 
> be placed between the signal source and the 
! regular MEMO-SCOPE Oscilloscope input

CARD >
I960
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Creating a new world with ELECTRONICS

See the MEMO-SCOPE 
Oscilloscope in operation 
at the Hughes exhibit, 
I.R.E. Show—Booths 
1609-1615.

i HUGHES
I_____________________________________________________ 

• i960 MUQMCS Al It CHART COMPANY

INDUSTRIAL SYSTEMS DIVISION
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Roland C. Bostrom, left, has been named a Fellow by 
the New York Academy of Science for his work in 
medical electronics. Here Mr. Bostrom, a supervisor in 
the Department of Medical and Biological Physics of 
Airborne Instruments Laboratory, discusses operation of 
AIL's Cytoanalyzer with Dr. Douglas Sprunt, head of 
the Tennessee Institute of Pathology. The instrument is 
used in the detection of cancer.

Consistently Dependable Capacitors

TEFLON

( under proper operating conditions )

POLYSTYRENE

MYLAR
55”C to -\-160°C

Cornell-Dubilier 
film dielectric 
capacitors... 
reliable 
for temperatures 
up to

1 i ¿07,

200 VDC (^D)

NEWS

Named Fellow for Medical 
Electronics Work

Hungarian Electronics Industry 
Concentrates On Home Market

The Hungarian electronic industry is a modem 
but do-it-yourself affair, according to reports 
reaching the Solid-State Circuits Conference. 
Transistors and other components are almost en­
tirely of domestic origin; only high-precision items 
are imported, it was said.

Hungary’s electronic industry was described by 
Dr. I. P. Valko of the Budapest Technical Insti­
tute and Dr. I. Szep of the Hungarian Federal Re­
search Institute, here to survey developments in 
electronic plants and laboratories.

Hungarian electronic production consists pri­
marily of entertainment devices for the home mar­
ket. These were described as up-to-date in design 
and employing transistors and printed circuitry 
where feasible. A transistorized TV receiver is said 
to be in development.

Turn up the thermostat! Cornell-Dubilier’s Teflon* 
film dielectric capacitors can take the heat...up to op­
erating temperatures of 250°C without a moment’s dis­
comfort. For that matter, C-D’s Mylar* and polystyrene 
are almost equally immune to any environmental, life 
or performance ordeal to which you may want to put 
them. C-D film dielectrics also offer the widest selection 
of electrical ratings, case styles, materials and configura-

CORNELL-DUBILIER 
AFFILIATED WITH FEDERAL PACIFIC ELECTRIC COMPANY

CIRCLE 49 ON READER-SERVICE CARD
50

tions to satisfy space, weight and cost limitations. And 
they are immediately available in production quantities.

Ask now for C-D engineering assistance and bulletins 
on all the film dielectrics shown here. Write to Cornell- 
Dubilier Electric Corporation, South Plainfield, New 
Jersey. Manufacturers of consistently dependable ca­
pacitors, filters and networks for electronics, thermonu­
cleonics, broadcasting and utility use for 50 years.

‘DuPont Reg. T.M.

ELECTRIC CORPORATION

Transistor Production
Transistors are mainly germanium alloy junc­

tion types, though Mesa and Drift transistors are 
being turned out in pilot quantities. Germanium 
is locally produced in Hungary and silicon will be 
available within the country “soon,” it was said. 
Other semiconductor items listed as produced in 
Hungary included microwave diodes and crystal 
rectifiers—again for home consumption. Produc­
tion figures were not given.

The balance of production consists of measur-

ELECTRONIC DESIGN • March 16, 1960
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ng instruments, signal generators and equipment 
or national telephone, broadcasting and other 

communications systems, according to the reports, 
k 4,000-inc microwave link was described as com­
pleted for TV transmission between Hungary and 
Czechoslovakia. Tubes of all kinds, including mag­
netrons, klystrons, traveling-wave and backward­
wave units, were said to be needed locally.

Although manufacturing is essentially a state 
monopoly in Hungary’, the visitors asserted that 
competition from imports kept quality* high. As in 
many Eastern countries, they said, equipment 
tends to be overdesigned and rugged.

Exports of electronic equipment are small both 
to East and West, the visitors said, but tubes and 
instruments have been shipped to Western 
Europe. Increased trade with western countries 
would be welcomed, they added.

ELECTRONIC DESIGN • March 16, 1960
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Research Limited
Hungarian research, like that in much of 

Europe, was reported limited by available funds. 
Hence independent basic research is on a small 
scale.

Dr. Valko and Dr. Szep were quite proud, how­
ever, of such limited basic research as did take 
place in Hungary. A cybernetics laboratory is 
under construction, they said, and a digital com­
puter for research data processing is being com­
pleted. Mathematics has always been a Hungarian 
forte, the visitors declared, and much of the pio­
neer work in electroluminescence is of Hungarian 
origin. Work in these fields is being continued on 
a relatively large scale.

The visitors hoped that their tour of the U.S. 
would encourage American scientists to “come and 
see for themselves the work that we are doing.”
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Try This One, Computer Designers...
Air Force pilots, alarmed at growing missile 

stockpiles, can take solace in this thought of 
Mundy I. Peale, Republic Aviation Corp, presi­
dent:

Until someone builds, for $100 or less with 
unskilled labor, a computer no larger than a 
grapefruit, requiring only a tenth of a volt of 
electricity, yet capable of digesting and trans­
mitting incoming data in a fraction of a second 
and storing 10,000 times as much data as today’s 
largest computers, the pilots have nothing to 
worry about.

This is the competition offered to flight con­
trol designers by the human brain, according to 
Mr. Peale, whose company recently completed 
work on the all-weather F-105D near-automatic 
fighter-bomber.

He was addressing an American Legion Com­
mittee studying the future of manned aircraft.

HEAT 
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Martin Wolf of Hoffman Electronics diagrams the op 
eration of a solar-cell equivalent circuit. New design 
effectively decreases Ra, the series resistance of the cell

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

■IWIWIWIIU.. Lil»!«
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AT THE IRE SHOW ... BOOTHS 2307-2309

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

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

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

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

MANUFACTURED BY 
CONTINENTAL CONNECTOR CORPORATION 

AMERICA'S FASTEST GROWING LINE OF 
PRECISION CONNECTORS

Closed Entry Cartridge 
For Miniature

Series 25 plug and socket connector with removable 
contacts and patented polarizing scrcwlocks. Plug is 
illustrated with side opening aluminum hood.

Grid Design Improves 
Solar Cell Efficiency

By redesigning its solar cell to operate as three 
smaller cells in parallel, Hoffman Electronic 
Corp, of Los Angeles says it has increased cell 
efficiency “by a factor of 1.15.” Former efficiencie 
were on the order of 10 per cent for good produc 
tion units, according to Martin Wolf, manager o 
the company’s solar section.

In this type of energy converter, where maxi­
mum theoretical efficiency is only about 22.6 per 
cent, any small increase is proportionately great.

To achieve up to a 15-per-cent increase in effi­
ciency, Mr. Wolf made cells that measure 1x2 
cm. Each has a three-wire grid of soft-solder- 
covered nickel plate. Since the current flows as a 
sheet on the surface of the cell, the grid lowers 
the high resistance of the p-layer. The three grids 
effectively provide several small cells in parallel.

“The calculated optimum,” says Mr. Wolf, 
‘would be five thinner lines. For practical reasons, 
the design uses only three.”

He said the grid design had been attempted 
before, but there were so many other problems 
the cells never showed enough improvement. 
“Now we have better solar cells/' he added, "and 
the improvement is worthwhile.”

In the manufacture of solar cells a compromise 
must be struck between the thickness of the p­
layer, the amount of doping of the p-layer and the

mor- 
sma
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-WAY SAVING
ON THE RESISTORS THAT ARE 

SETTING TODAY’S QUALITY STANDARDS

Gridded solar cell is reported up to 15 per cent 
more efficient than former cells. Grid makes several 
small cells in parallel.

collector efficiency. In Hoffman’s solar cells the 
thickness of the p-layer is about 2 microns. This is 
within the diffusion length from the surface neces­
sary to collect all carriers.

Heavy doping is needed to decrease the resist­
ance of so thin a layer. With the grid technique, 
the p-layer thickness can be reduced even more, 
and the total resistance is still kept low (two to 
three times lower, in the laboratory). Collector 
efficiency is improved.

Still looked for: breakthroughs to rid silicon of 
unwanted impurities, like gold.
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d the

Radar Views Atlas Launch

T iis composite photograph shows what the tracking 
rc dar used with the General Electric radio-command 
gjidance system for the Atlas missile views during the 
ir itial stages of a launch.
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Now you can get Stackpole Coldite 70+ 
Resistors IMMEDIATELY through 28 strategi­
cally located distributors — at favorable prices 
for quantities up to 1,000 of a value! This makes 
an ideal set-up for obtaining resistors for small 
runs, production emergencies, military proto­
types and "hurry-up” engineering projects. And 
it saves you money in their procurement!

No other resistors can match Coldite 70+ 
for production line efficiency — because they’re 
far and away the easiest resistors to solder by 
any method. This saves your company money 
on their use!

Coldite 70+ Resistors are the latest develop­
ment of a firm which, since the early days of 
radio, has been one of the largest, most depend-

Electronic Components Division
STACKPOLE CARBON COMPANY

St. Marys, Pa.

able resistor suppliers. Laid end to end, the 
resistors Stackpole has produced would extend 
around the world so many times you’d get dizzy 
counting them!

Coldite 70+ Resistors look good — and 
they’re every bit as good as they look. They’re 
unmatched for load life and moisture resistance. 
What’s more, performance far exceeds MIL-R-11 
requirements. And now, for the first time in 
resistor procurement history, you can get such 
resistors in a complete line of RC-42 (2-watt); 
RC-32 (1-watt) and RC-20 (yrwatt) styles 
FROM STOCK from leading distributors!

FOR ECONOMY AND CONVENIENCE on your smaller lot pur­
chases, write, wire or call for name of nearest Coldite 
70+ distributor with complete stocks of all 3 sizes, all 
269 standard values, and all 3 standard tolerances.

STACKPOLE

f CoUW
fixed composition RESISTORS

CIRCLE 52 ON READER-SERVICE CARD
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TRAPPED BY A GRIP THAT WON’T LET GO!
See how Tinnerman "pinch-grips" hold

Typical of Tinnerman new approaches to old 
problems are “pinch-grip” Speed Clips— 
permitting front-of-panel applications in a 
second’s time. Speed Clips are simply inserted 
into mounting holes and a plier’s pinch gives 
permanent retention.

Speed Clips can increase production rates, 
eliminate rejects, cut assembly costs as much 
as 50%. Many different features may be incor­
porated in the Speed Clip design to fasten 
cables, wire harness, rubber feet, mouldings, 
and for scores of other assemblies.

You may have a fastening problem that can 
be solved—or a product which can be improved

CAÑABA: Imimi Fastncrs LM.IiaHtM. Batari* GREAT BRITAIN Siaaart AtrKtssints ULTrtfimt Wain. FRANCE Sibbmís S A , 3 nie SaltMM It RatksckiM. Sartsm(Stat) CERNANT Macaw BaHy GaM Naiftlbtfl 
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Electrically Exploded Wires 
Studied as New Energy Source

Rockets theoretically could be propelled by 
exploding wires electrically, a group of California 
engineers has found.

The exploding wire conceivably could be used 
also as sources of high-intensity light (as for 
searchlights) and as generators of hypervelocity 
particles for use in impact research.

The engineers, of Electro-Optical Systems, 170 
North Daisy Ave., Pasadena, exploded the wires 
by injecting several thousand amperes into them. 
The wires vaporized in 50 to 100 mpsec, their tem­
peratures exceeding 100,000 C. The pressures that 
developed measured in megabars.

The impulses obtained could provide a space 
vehicle with two to ten times the specific im­
pulses presently produced by chemical means.

The hypothetical propulsion system also offers 
a better thrust-to-power-consumption ratio than 
many proposed electrical systems, such as one 
using ions.

However, Electro-Optical scientists say, the 
problems in producing a practical exploding wire 
or exploding film system appear formidable.

Less formidable and more practical, they say, 
is using the technique to produce hypervelocities 
in the laboratory for high-speed impact studies. 
Dense vapors, which have impact characteristics 
like those of solids, could be accelerated by ex­
ploding wires to 20 to 30 kilometers per sec. These

no special equipment needed

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

—by this Speed Clip principle. Your Tinnerman 
specialist (see the Yellow Pages) can furnish 
samples and help you in many ways. Or write:

K

FASTEST THING IN FASTENINGS* A charged aluminum wire, I mil diam by I/4-in. 
long, as it explodes in Electro-Optical Systems labora­
tory. Camera has stopped action at 3, 8, 32 and 45 
mpsec after the switching on of current.
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v ¿ocities are higher than those presently attain­
able in the laboratory.

The high currents required to vaporize the 
vires were obtained by suddenly discharging a 
capacitor. The capacitor, of 0.002 to 0.02 pf, had 
been charged to 10 to 20 kv. The wires were 1 
mil diam by 1/4-in. long. Hence the circuit in­
ductance was small (from 0.03 to 0.1 ph), and 
the rapid discharge of the capacitor was facili­
tated.

The switching required to produce the rapid 
discharge was obtained by using a hydrogen thy­
ratron to drive a trigatron, a triggered air spark 
gap.

Experiments were performed with wires made 
of aluminum, iron, gold, copper, silver, nickel, 
tungsten, molybdenum, tin, titanium, zinc and 
cadmium. Specific impulses of 1000 sec were 
obtained with aluminum, and it is likely that the 
range will be extended to 5000 sec.

Missile Test Chamber Shielded 
From All Electrical Interference
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This 1 OO-ft-high, completely shielded missile test station 
in Denver is protected against interference from 60 cps 
to 10,000 me. Shielding, Inc., of Riverton, N. J., which 
built the facility for Martin, reports that all electrical 
cevices entering the 40-ft-square chamber are com­
pletely filtered.
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ANNOUNCING

E.TB

range of sizes 
now available!

ACE ELECTRONICS ASSOCIATES, INC

A C E M H O
conductive plastic precision potentiometer

■ ______________ 3 1

INFINITE RESOLUTION
LOWEST NOISE

I3l
_ _  . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __ _ _ _ ,_ _ _ _ _ .> 
inurements’ The ACEMHO — developed by Ace Electronics Associctes, Inc., specialists 
h precision potentiometers ^nly, after nore than four years of research — is unsur­
passed ia lowest noise and longest life characteristics.

Life guarantee: 10 million cycles.
Life expectancy: Tests indicate a 50 million cycle life with noise and resistance change 

remaining within useful limits No failure due to homogeneou nduc i r 
plastic element

1-5/16" size condensed specifications: Noise: less than 25 ohms at 1K, less than 
50 ohms at 100K. Power rating: 2W at 65°C, 2K and up. 3W at 05°C, below 2K. 

Operating temperature range- — 55°C to 125°C. Resolution; essentially talite - 
|1005o. Torque: 0.1 in.-oz. running and starting. Independent linearity: down U 0.1%. 
Contact resistance, lowest available in conductive plastic. Meets ill applicable MIL 
specs: completely shock, vibration, humidity, moisture and acceleration resistant In a 
series of re ranges from 100 ohms to 1 megohm

specifications upon request Call, telegraph or write with your 
engineering pie requirements. Prompt deliver) of prototypes.

See the full range of ACEMHO sizes at IRE — Booth 1811-1813
*Reg. TM. Patent» Pending

Full w

ELECTRONICS ASSOCIATES. IN
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POWERSUPPLIES
OC OUTPUT

AMPS
F.O.B.

PASADENA

32-101

62-106

62-109
62-121 •

62-126

62-112

14

62-115

62-117

62118

62 119

62-125

•
• MM
•
**

I

62-142 e

60400

60400

60-400

60400

60400

60400

60400

60 
*60400 
*60400 
*60400 
*60400
60

60
60

0-28 
0-100
0-100

0-100
0-300

0 tp -140/155
0-300
0-300

0to°440/155

0-300

270-310 
FIXED

270-310
FIXED

0-300
Oto-140/155 

0-300
Oto -140/155 

0-500 
0-300 
0-500

Oto -140/155 
0-500 
0-500

270-310

270-310

0.5-36
0-300

O-.150 
0-5
0-.100 
0-.100 
0-5
0-1.00 
0-3.00
0-.100 
0-.100 
0.150
0-.005 
0-150
0-.150 
0.500
0-.005 
" 500 
0-.5O0

0-.002 
0-1.00 
0-.005
1-1.50 
0-005 
0-.300 
0.150 
0-300
0-005 
0-.300 
0.300

0-.150
Oto-140/155 0-.005

3-1000
0.5-32
0.5-32
0 5-32
0.5-32

3-100
3-100
3-100
1-200

0-.500 
0-2 
0-5 
0-10 
0-15 
0-1 
0-3 
0-5
0-3.00

14y.00
138.50
555.00

Ì 68.50 
510 00 
790.00 
595.00

235 00

395.00

425 00

635.00

57500

625.00

465.00

385 0C

595.00

795 00 
640.00 
730.00 
850.00 
985.00

1595.00

MMHMB uv CPS r.
** Prices idiv If nn rec st

• TRANSISTORIZED

DIRECTLY TO FACTORY FOR YOUR FREE COPY—>

DRESSEN-BARNES
DRESSEN-BARNES CORPORATION • 250 NORTH VINEDO AVENUE • PASADENA, CALIFORNIA

MURRAY 1-0643 • SYCAMORE 5-7731
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NEWS

15.6 Million Radios Made in'59, 
Greatest U.S. Output Since '48

Production of radio receivers in the U.S. la it 
year was the highest since 1948, the Electronics 
Industries Assoc, reports. But retail sales of se s 
were only slightly above those of 1958.

More than 15.6 million radios were manufac­
tured in 1959, against 12.5 million in 1958. Re­
tailers, however, sold less than 8.9 million sets, 
compared with about 8.6 million the previous 
year.

Of more than 6.3 million TV sets produced last 
year, 4.9 million TV receivers were produced and 
5.1 million sold to consumers.

Phonograph sales at retail last year reached 
nearly 4.4 million units, of which more than 2.7 
million were stereo. Factories sold more than 
4.3 million phonographs, including 3 million 
stereo units.

EIA figures show that factory sales of receiving 
tubes last year totaled nearly $27 million more 
than in 1958. Revenue from sales of TV picture 
tubes increased by more than $20 million.

The EIA totals:
Production 

1959 1958
TV
Total Radios
Auto Radios

6,349,380
15,622,357
5,555,155

4,920,428
12,577,243
3,715 362

Units Sold at Retail 
1959 1958

TV
Radios
Monaural

Phonographs
Stereo

Phonographs

5,748,676
8,897,451

1,653,137

2,744,720

5,140,082
8,631,344

Not Available

Not Available

Units Sold by Factories 
1959 1958

Monaural
Phonographs

Stereo
Phonographs

TV Picture
Tubes 

Receiving
Tubes

1,267,781

3,035,836

9,522,546

432,936,000

2,867,606

1,104,924

8,252,480

397,366,000

High-Temperature Capacitor 
Made With Thin-Film Dielectric

A miniature, high-temperature capacitor using 
a thin-film dielectric of electrically deposited plas­
tic has been developed for low-voltage applica­
tions.

Called the “glow discharge film’’ capacitor, the
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'FRIGID MIDGET" for electronic systems

“Glow discharge film” capacitor uses micron-thin 
dielectric film for 1 pf at 25 v. Operation at 200 C is 
claimed.

device is 75 per cent smaller than foil-paper units 
and is said to operate at temperatures up to 200 C. 
As such, it should find ready use in transistor 
circuits.

The capacitor was developed by the Signal 
Corps Laboratory, Ft. Monmouth, N.J., and Ra­
diation Research Corp, of New York City.

Micron-thin films of Teflon, Mylar or polysty­
rene are deposited and polymerized on an alu­
minized surface by a glow-discharge current. The 
aluminized surface is supported by a thin plastic 
substrate. Teflon films and substrates are em­
ployed for 200 C application; other materials per­
mit somewhat lower operating temperatures.

Capacitances of up to 15 pf at 100 v are at­
tainable. At still higher voltages, the dielectric 
thickness necessary is available with conventional 
plastic tapes and does not warrant the new 
process.

Limited production of these capacitors should 
begin later this year. The price is expected to be 
competitive with conventional units.

ising 
plas­
tica-

English Prof and Computer 
Turn Out Index to Poetry

A Cornell University English professor has 
used a computer to analyze the vocabulary of 
Matthew Arnold, the poet.

The professor, Stephen Maxfield Parrish, used 
an IBM 704 Data Processing System to compile 
a 965-page volume, “A Concordance to the Poems 
of Matthew Arnold.”

The concordance lists alphabetically the 10,097 
principal words in Arnold’s vocabulary and indi­
cates where in his works they may be found. An 
appendix lists the words in the order of their 
frequency and shows the frequency of each 
word.

Professor Parrish, his three colleagues and two 
t( chnicians supplied by IBM saw printed copies 
0‘ the book 197 hours after beginning their work. 
Cards for the computer were punched in 149 
h >urs. The computer operated for 38 hours, and 
1) hours were required for the printing.

Creative 
Engineering... 

for 
Electronics

MM-PC

^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 . . .

PESCO PRODUCTS DIVISION 
Borg-Warner Corporation

24700 North Miles Road • Bedford, Ohio

EXPORT SALES: Borg-Warner International Corp., 36 South Wabash Avenue, Chicago 3, Illinois 
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NEWS
Topside Study of Ionosphere 
Planned by U.S. and Canada

Radio soundings of the ionosphere from above, 
using a transmitting satellite sweeping its sound­
ing frequencies through a range from 2 to 15 me, 
are planned as a joint Canadian-United Stabs 
experiment in 1961.

Information on ionization, densities and trans­
mitting characteristics as a function of frequency 
up to 700-mi altitudes is expected from the ex­
periment. The topside sounding satellite, to be 
launched in an elliptical polar orbit, will also 
gather data from geographical areas not covered 
by present ground-sounding stations. Of particu­
lar interest will be data from the auroral zones, 
which cause special communications problems at 
high latitudes.

Previous vertical and oblique incident reflec­
tive-type soundings of the ionosphere from the 
ground have been limited to altitudes of about 
200 mi.

Signals transmitted from the satellite will be 
monitored by tracking stations in Canada, the 
U. S. and South America. Transmissions at some 
of these frequencies will be reflected by the 
ionosphere and received by the satellite. Particu­
lar frequencies will depend on the time of the 
day and the position of the satellite in its orbit.

The reflected signals will be used to modulate 
a telemetry carrier transmitted by the satellite, 
according to a National Aeronautics and Space 
Administration spokesman, so that both penetrat­
ing and reflected signals can be monitored by the 
ground tracking stations.

Recent evidence that the ionosphere has a con­
tinuously changing rather than a layered struc­
ture will also be checked by the satellite sound­
ings, according to the NASA spokesman. Canada’s 
Defence Research Telecommunications Establish­
ment is cooperating with NASA in the project by 
providing the satellite, its instrumentation and 
Canadian tracking facilities. NASA will provide 
the tracking stations outside of Canada, as well 
as launching facilities and equipment for testing 
Canadian prototypes.

Instrumentation for the experiment is presently 
in breadboard and design stages, the NASA 
spokesman added, and complete technical details 
have not yet been settled. Telemetry receiving 
equipment is currently available, he said, but 
other equipment will be required to monitor the 
sounding frequencies.

The satellite will be tracked with the 136- 
137-mc telemetry tracking equipment now used by 
the U. S., he explained.

The joint effort with Canada is one in a con­
tinuing NASA program of international coopera­
tion in space sciences.

G-E Textolite Copper-Clad Laminates are designed to meet or surpass 
stringent computer and military requirements. To do this, and assure 
superior performance with maximum circuit reliability and minimum re­
jects, engineered cleanliness is maintained in the entire production process. 
All G-E Textolite Copper-Clad Laminates are produced in the sterile 
atmosphere of the room pictured at left. Washed, filtered, conditioned 
air eliminates dust and dirt. Special cleaning techniques for copper and 
press pans assure a smooth continuous surface. Pits, dents, pinholes and 
scratches are virtually eliminated. And the G-E engineered cleaning 
process just before inspection completes the job.
Try these outstanding General Electric Textolite grades:

#11574—NEMA FR3—Self extinguishing epoxy paper
#11571—NEMA XXXPC—Highest IR phenolic paper 
#11559—NEMA G-ll—Self extinguishing epoxy glass ( 
#11558—NEMA G-10—Best machining epoxy glass

Write for samples to: Laminated Products Department, Section 60-4 
General Electric Company, Coshocton, Ohio.

Engineered cleanliness 
insures surface reliability 
for use in computer and 

military printed circuitry
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jermanium Transistor Used
4s 3-Kmc Oscillator, 1 -Kmc Amplifier

A germanium pnp transistor that can be used 
is an oscillator at 3 kmc and as an amplifier at 
i kmc or lower has been developed.

High frequency was achieved by using very 
small active-area dimensions and coaxial mount­
ing to cut capacitance and inductance losses.

The mesa in the diffused-base, alloyed-emitter 
transistor is 1.8-mils long and 1.5-mils wide. 
Three metal stripes, each 0.3-mil wide and 1.5- 
mils long, are evaporated onto the mesa plateau 
and alloyed into the semiconductor. Gold wires 
0.2-mil in diam are used as connections. The 
diffused base is 0.02-mil thick.

The device, developed by Bell Telephone Lab­
oratories, is mounted in a coaxial shell that elec­
trically matches a 50-ohm transmission line. The 
transistor’s base stripes are connected to the cen­
ter conductor of the coaxial input line; the 
emitter stripe is connected to an internal shield 
built into the encapsulating shell, and the ger­
manium wafer is gold-bonded to the inner con­
ductor of the output line.

Wide-band and narrow-band feedback ampli­
fiers using the transistor have been built using 
transmission-line principles. The three-stage am­
plifiers are said to have gain of 18 db, flat within 
1 db over the frequency band from below 1 me 
to above 750 me.

Work on the device at Bell by R. E. Davis, 
C. A. Bittmann and R. J. Gnaedinger has been 
supported in part by the Army Signal Research 
and Development Laboratories. The amplifier cir­
cuits were designed by Mr. Bittmann and Mr. 
Davis along with V. R. Saari and R. J. Kirkpat­
rick, also of Bell.
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Germanium Esaki diodes on the center of a stripline 
waveguide provide amplification in this traveling-wave 
type 1-kmc amplifier described at the Solid-State Cir­
cuits Conference. M. E. Hines of Bell Labs inspects the 
device, which uses ferrite attenuation to prevent self­
oscillation. Three-kmc units should be possible with 

the technique.

SEE IT AT I. R. E. 

THIRD FLOOR 

JUST BEHIND 

ESCALATORS

TUNABLE, dual selectivity 

plus 

Flat VTVM feature

SELECTIVE
VOLTMETER

Model 125A is an all-new vacuum tube voltmeter 
incorporating features of several previous Sierra 
instruments in one compact, high-performance 
instrument

Covering the frequency range of 3 to 600 KC, this 
new voltmeter has both narrow and wide selec­
tivity settings plus a flat voltmeter position. This 
triple mode measurement capability makes the 
Model 125A an extremely versatile instrument for 
carrier measurements, wave analysis and general 
laboratory use. Brief specifications are listed at 
the side. For full information and demonstration, 
call your Sierra representative or write direct.

SPECIFICATIONS

Frequency Range
Tunable Mode: 3 KC — 600 KC
Flat Mode: 1 KC — 600 KC

Measurement Range
Tunable Mode: -90 dbm to + 32 dbm
Flat Mode: -30 dbm to + 32 dbm

Selectivity
Narrow: down 3 db 125 cps off 

resonance 
down 45 db 500 cps off resonance

Wide: down 3 db 1.25 KCoff resonance 
down 45 db 5 KC off resonance

Construction
Modular with etched glass epoxy cir­
cuit boards

Data subject to change without notice

SIERRA ELECTRONIC CORPORATION 
A Division of Philco Corporation

6307K BOHANNON DRIVE • DAvaapert 1-2010 • MENLO PARK. CALIFORNIA. U S.A.

Sales representatives in all principal areas
Canada: Atlas Instrument Corporation. Ltd.. Montreal, Ottawa, Toronto, Vancouver

Export: Frazar & Hansen, Ltd., San Francisco, Los Angeles «3oa
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Be 
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Visit

SPERRY MICROWAVE TUBE CLINIC-IRE SHOW—
March 21-24, Booths #2432-2438

Bring your problems involving microwave tubes 
and discuss them with our engineers at this Sperry Clinic.

STL-222

NOW 
60DB GAIN IN L-BAND 

PPM FOCUSING 
NEW SPERRY 

TWT
. . . cut* Space, Weight, Cost, Power Requirements — Sperry’s 
new STL-222 provides twice the gain of ordinary L-Band 
tubes—actually takes the place of two tubes in most applica­
tions — yet is only 20" long, weighs only 8.5 pounds. This 
important advantage suits this new CW amplifier and driver 
perfectly to airborne applications. Its excellent broadband 
stability recommends it for ground support and airborne 
radar equipment... communications .. . drone applications 
... noise generators .. . switching devices and other L-Band 
uses.

The STL-222 is periodic permanent magnet focused. Its 
tough metal and ceramic construction provides for high 
environmental capability, stable operation at high ambient 
temperatures and under extremes of vibration. This tube also 
features a high-mu modulating grid and high input-to-output 
isolation. It is short circuit stable.

The STL-222 is now in production at Sperry, which means 
lower unit cost and fast delivery schedules. Advanced per­
formance and dependability result from Sperry’s long expe­
rience in klystron and TWT research, development and 
production. Write for complete data, outlining the nature 
of your application.

Specifications

Small-Signal Gain vs. Frequency

0.9 1.1 1.3 1.5 1 7 1.9 2.1

FREQUENCY-KMC

Saturated Power vs Frequency

Frequency Range................................................................... 1.0 to 2.0 kmc1
Small-signal gain........................................................................... 48dbmin
Saturated Power Outpit............................................................2wnom
Beam Voltage........................................................................................1000 v
Beam Current......................................................................................... 35 ma
Grid Bias....................................................................................................... 35 v
Grid Current............................................................................................... 5 ma
Grid Cut-off Signal........................................................................-20 v max
Heater Voltage..........................................................................................6.3 v
Heater Current.................................................................................... 3.2 amp
Input-Output Isolation................................................................... 75 db min

SPERRY ELECTRONIC TUBE DIVISION, SPERRY RAND CORPORATION. GAINESVILLE. FLORIDA 
Address inquiries: Gainesville, or Sperry Offices in Brooklyn • Boston • Philadelphia • Chicago • Los Angeles • Montreal -'Export Dept Great Neck, N. Y.
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NEWS

Harvard Gets $265,000 Grant 
For Weapons Procurement Study

The Ford Foundation has granted the Harvarc 
Business School $265,000 to find out what i 
takes to develop weapons besides technology.

The research supported by the money will de 
termine the administrative and economic charac 
teristics of the development and procurement o 
advanced weapons. The study will explore the 
relationship between the buyer of weapons—the* 
government—and the seller—the contractor.

Officials at the Harvard school hope the work 
will be completed by the end of this year. The 
school intends to publish as much of the findings 
as security regulations will permit.

Ultimately, it is expected, the research group 
will offer methods of improving the policies and 
practices associated with weapons procurement.

Exploratory work on the project began in 1958. 
The development of several non-defense prod­
ucts was studied to provide a basis for comparison 
with the development of advanced weapons.

In 1959 12 advanced weapons systems came 
under the research group’s scrutiny. This phase 
of the study examined the following questions:

■ How are prime and principal subcontractors 
chosen?

■ How are responsibility and authority divided 
between the government and the contractors?

* What incentives are there for the contractor 
to do an outstanding job?

The members of the Harvard Business School 
Faculty engaged in the project are Prof. 
George P. Baker, senior faculty adviser; Prof. 
Paul W. Cherington, project director; Prof. Mer­
ton J. Peck; Charles Stein, Jr.; Gerald W. Siegel; 
Frederic M. Scherer, and George Harmon.

David Novick, head of the Cost Analysis De­
partment of Rand Corp., is a consultant to the 
project.
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Computer Slated to Figure 
Target of Enemy Missiles

The course, target and impact time of an 
enemy missile projected at the United States 
across the polar region would be computed in 
seconds with a data-processing system under de­
velopment.

The system, which performs 200,000 mathe­
matical operations per sec, is manufactured by 
Sylvania Electric Products Inc., New York. It is 
scheduled to monitor radars of the Air Force’s 
Ballistic Missile Early Warning System.

Specialized computers in the system analyze 
radar echoes and decide whether or not the

ELECTRONIC DESIGN • March 16, 1960
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Sylvania officials inspect data-processing apparatus 
to be used on conjunction with the radars of the Air 
Force s Ballistic Missile Early Warning System. At left is 
Richard W. Couch, Sylvania's BMEWS program man­
ager. Eugene J. Vigneron, general manager of the data 
systems operation, looks on.

source of the echoes is a projectile. The comput­
ers then determine which among the projectiles 
are hostile missiles.

The points and times of impact, as well as the 
number of hostile missiles, are determined and 
transmitted in less than a second to operating 
personnel and to United States command cen­
ters.

The system checks its own internal perform­
ance, Sylvania said, and maintains contact with 
a standby computer to verify results. If the main 
computer does not function properly, the stand­
by computer takes over.

very accurate local time comparisons

generation of very accurate local time 
with atomic or quartz oscillators

this new (hp) 113AR Clock 

is the ultimate

SPECIFICATIONS
Input Frequency:

Input Voltage: 
Input Impedance­

Output Signals
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Computers Will Assign Frequencies 
After Scientists Pick Best Method

Scientists at the National Bureau of Standards, 
will teach computers the best way to assign fre­
quencies to radio transmitters that mark air 
routes—as soon as they learn how themselves.

The problem of assigning the frequencies be­
longs to the Federal Aviation Agency. Each year 
a substantial number of new transmitters, which 
help pilots fly a straight-line course, are added 
to the nation’s network of commercial and mili­
tary airlanes.

Signals from new transmitters should not in­
ti rfere with those from existing transmitters. 
However, the FAA has available only 100 dis­
c ete frequencies for allocation.

When adding new transmitters, it is often 
n *cessary to change the frequency of existing 
ti ansmitters. This could, however, create new 
a eas of interference.

The problem was turned over to L. Joel, G. M. 
( aller and A. J. Goldman of the NBS Applied 
N athematics Div.
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This new $ 113AR Frequency Divider and Clock 
makes possible precision time comparisons between 
stable oscillators and standard WWV or other trans­
mitted time signals. This permits adjustment of 
frequency or time standards for greater absolute 
accuracy, and simplifies obtaining detailed records 
of drift rates, or time or frequency differences be­
tween oscillators in widely separated systems.
Propagation path errors can be averaged out and 
Doppler errors are virtually eliminated.

113AR’s unique optical gate (no contacts, no wear, 
cannot add jitter) and a directly calibrated precision 
phase shifter make possible the unique accuracy of 
the Clock providing a time comparison capability 
of ± 10 nsec. Regenerative dividers, a phase-stable 
motor and precision gear train provide fail-safe op­
eration not attained by pulse counting systems.
Model 113AR is conservatively designed from 
premium components, fully transistorized for longer 
standby battery operation, and meets performance 
requirements of MIL-E-16400. The unit is rugged, 
dependable and measures only 7" high.

HEWLETT-PACKARD COMPANY
1022K Page Mill Road • Palo Alto, California, U.S.A.

Cable "HEWPACK" • DAvenport 5-4451 
Hewlett-Packard S.A.

Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “HEWPACKSA” • Tel. No. (022) 26.43.36

Frequency Divider.

Time Reference:

Clock:

Auxiliary Output

Power 
Requirement«:

Size:

Price:

100 KC ± 300 cps.

0.5 to 5 v rms.

Approx 300 ohms

(1) 1 pps, 10 v, 10 
/isec rise time, ap­
prox 20 ± 10 psec 

duration, into 5,000 
ohms (2) I pps. 4 v, 
10 /xsec rise time, 
100 — 3 msec du­
ration, from 50 
ohms (3) 1 KC 
pulses, pos and 
neg, 4 v peak, 8 
^sec nominal du­
ration from approx. 
5,000 ohms.

Regenerative; fail­
safe.

Continuously adjusta­
ble, calibrated in 
10/isec increments

Manual start, 24 hr 
dial.

1, 10 and 100 KC sine 
waves, 0.25 v rms 
from 1,200 ohms.

26 v ± 2 v {$) 724A 

Power Supply).

7" high, 19" wide, 
19’/2" deep. Wt. 
35 lbs.

$2,500.00 fo.b fac­
tory.

Data subject to change without notice

world’s largest line of electronic measuring instruments
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NOW! D PROGRAMED CIRCUITS!

For a complete description of this important new product, send for our MECA brochure.

AMP Incorporated

L.I. Electronics Industry Sets 
5-Year Goal of 100% Growth

with "Put ’N Take" servicing of individual functions

Japan • West Germany

Daylight radar indicator shown here is said to be 1,000 
times brighter than its predecessor, so that no hood is 
needed for viewing in sunlight. Sperry Gyroscope Co. 
developed the indicator tube for its APN-59 radar used 
in Air Force tankers, cargo and troop transports.

ELECTRONIC DESIGN • March 16, 1960

The future of a regional electronics industry 
occupied 1,000 engineers at a two-day exposition 
sponsored by the Long Island Electronic Manu­
facturers Council (LIEMC).

At the Futuronics Exposition, LIEMC an­
nounced a five-year goal: 100 per cent growth in 
sales of Long Island-manufactured electronic 
equipment. Growth in dollar value of sales during 
this period would be from $750 million to $1.5 
billion. From 1954 to 1959, Long Islands elec­
tronic sales increased about 50 per cent, while 
sales of the total industry’ grew by 85 per cent. 
According to LIEMC executives, industry-wide 
electronic sales are expected to grow by only 65 
per cent during the next five years.

The optimism of the regional group is based on 
achievement of these goals:
■ Organized and cooperative effort to gain recog­

nition of Long Island’s capability as an inte­
grated electronic research, development and 
production complex.

■ Diversification of the area’s electronics industry 1 
to include more of the growing fields of defense I 
and civilian electronics.

■ Educational and cooperative research facilities 
to insure long-term growth in the area’s largest 
manufacturing industry.
At the exposition, progress of the area’s tech-AMP products and engineering assistance are available through subsidiary companies in Australia • Canada • England • France • Holland
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NEWS
Brighter Radar
Display Tube Developed

Visit us at th« IRE Show 
March 21-24, 19^0 

booths 2527-2531

Here’s a major new concept in interconnecting circuitry that offers the most advanced approach 
to reliability and maintainability—the AMP MECA (Maintainable Electronic Component 
Assembly). With MECA, you simply encapsulate your components in replaceable AMP-CELLS 
which are then plugged into AMP’s 3-D Circuit Boards. Result: Instant servicing by substitution 
and throwaway.

The AMP-CELLS can grow or shrink in 3 dimensions on the 0.1 or 0,2 grid system. Hand, semi, 
or completely automatic tape programming produces these simple 3-D circuits. The AMP-CELL 
contacts do not protrude, cannot be damaged by abusive handling. All AMP-CELLS are wholly 
contained within the 3-D Circuits—totally secured to resist vibration and physical damage.



rology was displayed in 47 booths exhibit and 
many exhibitors discussed ambitious plans for the 
future. Important work in progress and in plan­
ring was described in papers delivered at 
morning technical sessions.

two

Faster Computers Under Study
A roadblock in the drive toward larger 

faster computers—namely components of a 
and 
size
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approaching wavelength of the frequencies used 
—is being attacked from two angles at Sperry 
Gyroscope. According to Dr. Peter Isaacs, the 
company is making the components smaller by 
using microminiature circuitry, and it is taking 
into account the dimensions of the components by 
applying microwave techniques to the computer.

In line with these approaches, thin magnetic 
films constituting single magnetic domains are 
being used to reverse magnetic state in a few 
millimicroseconds for logic and memory devices. 
Cryogenic switching, where thin films can be 
switched in or out of the cryogenic state in 1O~10 
sec, has also been demonstrated at Sperry. Micro­
wave techniques have made possible switching 
times of 1,000 me, as demonstrated in several 
computing devices.

Molecular Electronics Analyzed
Ralph Redemske, vice-president for research at 

Servomechanisms, Inc., gave his audience a fasci­
nating look at what molecular electronics might do 
to component and circuit engineering. The virtual 
replacement of lumped components by chemical 
and atomic building blocks will require a new type 
of engineering team he said, adding that the fa­
miliar parts catalog would be replaced by a pe­
riodic table of chemicals.

Research and computer development at Servo­
mechanisms is performed by a team of chemists, 
physical chemists, logical designers and circuit 
engineers who have learned to speak each other’s 
technical language. The largest laboratory at 
Servomechanisms Research is the chemical.

Mr. Redemske observed that the day of woman 
assemblers was drawing to a close. Because of the 
size and environmental extremes involved in mo­
lecular electronics, he said, automatic forming and 
assembly machinery will be a must for molecular 
electronics.

Walter Tengelsen, Systems Research Engineer, 
described several approaches to space guidance 
by means of hybrid systems under way at Arma 
Div. of American Bosch Arma Corp. He said 
that in space vehicles, gyro drift and the ab­
sence of gravity for correction dictated the use 
of some aiding system to override the inertial 
guidance system. To save weight, he reported, 
components must be used in multiple roles. He 
cited the example of antennas used for communi­
cation, radar ranging and power transmission. ■ ■

155°C

m* MAGNET

from 130°C to 155°C
Beldtherm is a polyester film-coated magnet wire with 
excellent thermal stability.

It is recommended for temperature ratings of 130°C 
to 155°C—depending upon application, a most 
important point.

LARGE MOTORS Beldtherm is designed for use in 
stator windings operating at hottest spot temperatures

Other Belden Magnet Wires: Beldenamel*, oleoresinous—Formvar*, vinyl acetal
— Nylclad*, vinyl acetal-Nylon—Beldsol*, polyurethane

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

id-0

Belden
WIREMAKER FOR INDUSTRY 

SINCE 1902 
CHICAGO 

of 130°C. This temperature may be exceeded pro­
vided there is minimum winding and forming abuse, 
and factors such as radii of coil bends, wire turn cross­
overs and pressure between turns are favorable.

TRANSFORMERS Beldtherm, with other suitable 
material in the insulation system, is suitable for dry 
type transformers operating at temperatures up to 
155°C.

one wire source for everything
electrical and electronic
lead wire • power supply cords • cord sets • portable cordage • electronic 

wire • control cables • automotive replacement wire and cable • aircraft wire
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model Tofc-300

WASHINGTON
REPORT

-SUB-MINIATURE Ephraim Kahn

Actual size

• . • STATE TAXATION of property owned by the federal govern­
ment and used by defense contractors — such as machinery and 
plant — should be imposed according to uniform rules established 
by Congress. Decisions of the Supreme Court permit states to 
engage in such taxation, but only four states have laws imposing 
this sort of tax. State officials, who would like the extra rev­
enue, are fearful that they would give an edge to industries in 
other areas if they slap on such a tax. To prevent use of this 
tax as an element in cost competition for defense contracts, 
they are seeking a federal law on the point. Defense Depart­
ment estimates that such a tax could hike the cost of military 
hardware alone by $500 million a year or more.

TELEMETERING SUBCARRIER OSCILLATOR

More channels

64

I
in less space at less cost

■

This is the revolutionary new Bendix-Pacific Voltage Controlled 
Telemetering Oscillator—contained in an envelope which is less 
than H the size of a package of cigarettes and weighs 2.5 ounces!

The extremely small size of Model TOE-300 is only one of its 
features. Exceptional stability, linearity and life under extremes of 
shock, vibration and temperature are provided by silicon semi-con­
ductors and precision passive components in advance circuitry.

New freedom from in-flight calibration is provided by stability 
of input impedance and lack of sensitivity to change source 
impedance.

Let us send you complete details on the new Bendix-Pacific 
Model TOE-300 Oscillator.

CONDENSED SPECIFICATIONS

AVAILABLE BANDS: All standard I RIG numbered and lettered bands.
OUTPUT: 4.0V rms open circuit
OUTPUT IMPEDANCE: 100 kilohms.
LINEARITY: ±0.25% bandwidth deviation from best straight line.
STABILITY: ±1.0% of bandwidth, 0’C to 85’C; ±0.25% —15 min. to

8 hours at 25”C.
POWER: 20V at 6 milliamperes.
SIZE: 1.30"xl.60"x0.77*, approx. 1.5 cu. in.
WEIGHT: Approx. 2.5 oz.
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NORTH HOLLYWOOD, CALIFORNIA

... PREFERENTIAL CONTRACTING by the Defense Department so as 
to allocate more prime business to labor-surplus areas is again 
being pushed in Congress. In an election year, chances of enact­
ment of a new contracting law are improved, but it will still be 
an uphill fight. Sen. Jacob K. Javits (R., N.Y.) would give 
preference to small business and to labor-surplus areas under 
the present "set aside" program. A measure to do this has been 
introduced with the co-sponsorship of the entire New York Con­
gressional delegation. The proposed law would also give a stat­
utory basis to the policy of encouraging competitive bidding 
techniques in defense procurement. Where national security 
requirements preclude their use, it would provide for competi­
tive negotiation to the maximum degree possible, involving two 
or more firms.

. . . MANAGEMENT STUDY of Air Force weapons systems is being 
evaluated by Air Force Secretary Dudley C. Sharp. A major area 
covered by the study is the question of systems management by 
the Air Force itself as against management by contractors. 
Though the management study itself has not been made public, it 
is conceded that it will play a role in the formulation of recom­
mendations for "future organization and Air Force—industry 
relationships" in space and ballistic missile programs.

. . . TITAN ICBM program is here to stay, says Lt. Gen. Bernard A. 
Schriever, chief of the Air Research and Development Command. 
Crucial decisions on Titan were made three years ago. If Titan 
were cancelled it would slash planned ICBM strength by one-third. 
Those who suggest dropping the Titan, he says, "simply are not 
familiar with all the facts and problems of bi'inging missiles 
into the operational inventory."

. . . BID-BOND RULES, which were tightened by the Comptroller 
General last year, show no sign of easing. In fact, there is a 
disposition to enforce them literally, with no room for any sort 
of latitude. Last year, it was ruled that bonds must accompany
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4-chann.l, Model K-470 illustrated

with Plug-ins for All Needed Ranges
No ObsolescenceAll Needed Features

when you need themneed them

Write for detailed tpecificationi and prices.

¡LECTRONIC

billion, 
the next

Here is true multi-channel oscillography 
with features, performance, and prices “tail­
ored” to your exact needs. Versatile plug-in 
pre-amplifiers, sweeps, and marker-calibra­
tor circuits need be purchased only as you

Display multiple, high-speed sig­
nals without switching. From DC 
to 5 megacycle bandwidths.

This leaves plenty of room for new contracts during 
few months.

RECTANGULAR & SQUARE 
2- and 4-Gun Tubes

. . . exclusive with ETC, give raster areas 
equal to 7m round tubes.

worries of having “too much’' scope now 
. . . not enough scope flexibility a few years 
later.

From simple one-channel monitoring jobs 
to difficult medical, biophysical and low- 
level strain gauge recording involving two, 
three or four channels, you’ll find no jobs 
too small or few too large for these versa­
tile ETC instruments.

Plug-in SWEEP GENERATORS
One or two identical plug-in 
sweeps may be used on each 
instrument for common or sepa­
rate calibrated time bases as 
needed. Second sweep inter­
changeable with Cali-Marker.

DESIGN • March 16, 1960

PfejJ. CALI-MARKtR®
Calibrator A Time-Mark 

Generator
The first compact, plug-in unit 
of its kind. Combines a stable, 
square-wave calibrator and a 
crystal-controlled time-mark gen­
erator. Interchangeable with a 
second plug-in sweep generator.

Plug-in PRE-AMPLIFIERS
Choice of 5 types for each chan­
nel. Matches sensitivity and re­
sponse requirements from 50 mv/ 
cm to 50 /zv/cm, de to 50 kc to 
5 me. Any combination of pre­
amplifiers may be used simultane­
ously on all channels.

• • • EXPORT OUTLOOK for the U.S. electronics industry is good, 
says the Commerce Department. Electron tubes and semiconduc­
tors made in U.S.A, have a good reputation abroad and the "brisk 
market that has been established for products of specialized 
types and technically advanced design holds further promise." 
Ln a survey of European markets, the Department notes that Aus­
tria’s electronics trade is largely oriented toward the Nether­
lands ; Belgium offers a good market for transmitting and special­
purpose tubes; Denmark is a limited market for U.S. products; 
American producers have a "strong position" in the French mar­
ket ; prospects are good for expansion of U.S. sales to Italy; 
Norway buys power, special purpose, and transmitting tubes from 
the U.S. ; competition in the Swedish market is strong and U.S. 
tubes are generally priced about 20 per cent higher than those 
from other sources; U.S. products "should continue to compete 
successfully" in the Swiss market ; and the United Kingdom tends 
to import "relatively specialized types" of tubes.

. . . PRICE REVISION CLAUSES in fixed-price contracts have been 
interpreted by the U.S. Court of Claims. In a case involving an 
electronics firm, the court held that existence of such clauses 
does not change the contract into a type banned by law, the "cost- 
plus-a-percentage-of-cost" contract. The court rejected the 
contractor’s contention that price revision clauses are an in­
centive to pushing prices up, since lower costs would result in 
lower profits. In effect, the contractor asserted, a contract 
providing for price revision after completion is equivalent to 
the type that has been banned. The court, however, said that it 
did not agree. It noted that the law provides for cost-plus-a- 
fixed-fee contracts, and said that the specific authorization of 
this type is sufficient ground to justify the legality of a fixed- 
price contract that includes price revision clauses.

bias, and be received prior to the bid opening. It has now been 
held that a bidder fell short of meeting requirements in the 
following circumstances: the bidder, replying to an invitation 
which permitted telegraphic bids, wired his proposal along with 
the bond number find the name of the surety. This was held in­
sufficient to meet the bid-bond requirement.

. . . CONTRACT POLICIES of the Defense Department will be probed 
by the Senate Small Business Committee. To be given special 
scrutiny is the handling of negotiated contracts, particularly 
where only one source is involved. Hearings, which will include 
an explanation by the three Armed Services of their contract 
negotiation procedures, are tentatively slated to begin about 
April 1.

. . . SLOWER SPENDING for military procurement during the balance 
of fiscal 1960 — but the military will very likely step up the 
rate at which it awards new R&D contracts and makes commitments 
for future buying. On an annual rate basis, the military over­
spent by $1 billion during the first half of the fiscal year. 
Procurement was at an annual rate of $16 billion in contrast to 
the budget’s target of $13 billion. Obligations, at an annual 
rate of $40.2 billion, were under the budget estimate of $41.6 
billion. Significant shortfall was in RDT&E which is budgeted 
at $4.2 billion while obligations hit an annual rate of $2.7

2- and 4- 
Channel Types 

Models K-270 
and K-470 . ..

KJ Li 9l@etnnN MsJ W# CORPORATION
1200 E MERMAID LANE • PHILADELPHIA 18, PA.

VISIT US AT THE I.R.E. SHOW—BOOTHS 3112-3113 
PIONEERS IN MULTI GUN C-R TUBES ANC* MULTI CHANNEL OSCILLOGRAPHY.
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PN Junctions Produced

MAJOR MERGER 
SWITCH INDUSTRY

Directly From Vapor Phase
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CONTROLS COMPANY OF AMERICA 
4218 W. Lake Street • Chicago 24, Illinois 
Telephone; VAn Buren 6-3100 • TWX No. CG-1400

Silicon pn junctions reportedly have been pro-
duced directly from the vapor phase.

The new technique for producing pn junctions,
conventionallv made by alloying or diffusion
methods, is said to be applicable to molécula
electronics. Current applicability of the de
posited junctions in conventional component;
depends on the evaluation of device producers 
according to Merck. Laboratory samples an; 
being prepared for evaluation.

The process, reported developed by Merck & 
Co., Inc., Rahway, N. J., is said to permit close 
control of resistivity, thickness, and other junc­
tion factors. Complex junction configurations 
may be obtained with the technique.

Resistivity of a p or n layer can be varied from 
a degenerate level to several thousands ohm-cm. 
The nature of the material may be varied to pro­
duce a step-type junction similar to that result­
ing by alloying, or a graded junction like that 
obtained by diffusion.

Resistivity varies within 25 per cent and layer 
thickness within 10 per cent of desired values, 
according to Merck.

Junctions with reverse breakdown voltages 
above 1,500 v, and with reverse leakage cur­
rents of less than 5u amp were obtained with ex­
perimental devices produced at Merck using 
the vapor phase grown materials. Forward cur­
rents in test rectifiers made from the ¡unctions 
were between 50 and 200 amp per sq in.

Europe Reported Deficient 
In Long-Range Basic Research

The popular notion of Europe as a mecca of 
basic research is somewhat overstated, according 
to reports by overseas delegates at the Solid-State 
Circuits Conference. In public addresses and pri­
vate conversations, European scientists cited 
money—or the lack of it—as their main problem.

European electrical industries are relatively 
small and cannot muster large research staffs and 
budgets. Government support is likewise small by 
American standards. The result is greater stress 
on short-term applied research overseas, compared 
with the U.S.

These points were made by Dr. M. J. O. Strutt, 
chairman of the Swiss Federal Institute of Tech­
nology, in his remarks at the opening session of 
the conference.

“As most recent solid-state devices are U.S. in­
ventions, copying takes a considerable place in 
European research,” Dr. Strutt said.
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Other visitors from abroad generally agreed 
with Dr. Strutt and pinpointed other weaknesses 
i European research. Tight company secrecy and 

¡.ational frontiers hinder the cross-fertilization of 
research ideas, it was said. Applied research was 
described as often parochial, aimed at solving an 
existing problem within a company rather than the 
development of devices and applications for wider 
use. Though the percentage of company incomes 
spent on research is probably equal to the per­
centage spent in the U.S., informants said, funds 
abroad are spent in tackling immediate research 
problems.

Papers of foreign origin read at the conference 
tended to confirm European de-emphasis of long­
term basic research.

On the other hand, visitors felt that European 
engineers were perhaps more productive than their 
American counterparts. This was not attributed 
to better training but to more rigid work disci­
pline. Motivation of European engineers might 
well be stronger, it was suggested. Jobs are tighter 
and salaries are much lower, but an engineer com­
mands high social prestige abroad.

Basic research takes place mostly in universities 
and government-sponsored research centers. The 
total effort is quite small but of high caliber, it 
was said. Principal areas of work include nuclear 
research, noise in semiconductors and photocells, 
characteristics of semiconductors, paramagnetics, 
and photoelectricity.
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Airborne Amplifier

?a of 
ding 
State 
pri- 

cited 
m. 
ively 
and

11 by 
tress 
ared

TUtt, 
’ech- 
n of

!. in- 
e in

960

his linear power amplifier, designed by Hughes Air­
raft Co.'s communications division for the B-58 Hustler’s 
-kw high frequency system, is fluorochemically cooled, 
he HC-105 amplifier is an 8Y2-in. cube.
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CBS Indium-bonded 
Diodes Give You 
Missile Reliability

TYPICAL SEVERE TESTS
New CBS Reliable Indium-bonded Diodes

Environmental
• Temperature cycling, —65° to 85°C
• Hermetic seal, 100 psi
• Moisture resistance exceeding MIL-STD-202A
• Shock, 1000 G for 1 millisecond
• Centrifuge, 20,000 G
• Vibration, 15 G at 50-2000 cps
• Salt spray and lead fatigue

Electrical
• Automatic, both forward and reverse
• Pulse recovery time, JAN 256 circuit
• Electromechanical stability and noise
• Storage, 1000 hours at 85°C
• Over-all quality exceeds MIL-S-19500B

More Reliable Products through Advanced Engineering
CBS ELECTRONICS, Semiconductor Operations • A Division of Columbia Broadcasting System, Inc. 

y-8-w T-ninrU, Un«« , 900 Chplmidnrd St _ GT^nview 4.-044* • Newark, N. J., 231 Johnson Ave., TAIbert 4-2450 • Melrose Park, III., 1990 N. Mannheim 
Rd., EStebrook 9-2100 • Loe Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 • Atlanta, Ga., Cary Chapman 4 Co., 672 Whitehall St., JAckaon 4-7388 

Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-5457 • Toronto, Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311
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DIODE 
SURVIVAL
BETTER THAN 
99.985%!

Near perfection is demanded of computer 
diodes used in missiles. CBS Reliable 
Indium-bonded Diodes meet this challenge 
with an Acceptable Quality Level of 0.015% 
... a degree of quality never before achieved, 
in semiconductor mass production. Only 
one diode out of 6500 can fail!

This dependability is available for your 
computer applications in a wide line of new 
CBS Reliable Indium-bonded Diodes. 
Exceptionally rugged design, advanced 
processing techniques, severe mechanical 
tests, and automatic electrical tests make 
the difference. Ask your Manufacturers 
Warehousing Distributor or your local sales 
office about these CBS Reliable Indium- 
bonded Diodes today. Get technical 
bulletin E-314R.

semiconductors

/
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Mon pm-
Tues am-

Wed pm- 
Thur am

Mon pm- 
Mon pm- 

Tues am-

Control Theory (1)
Control Applications (9)
Adaptive Networks (40)

Electronic Computers and Circuit 
Theory: How Each Technology Ca 
Help the Other (33)
Equipment and Systems (43)
Satellite Communications (44)
Magnetic Recording (47)
Electronic Computers (48)

Electronic Component Parts (27)
Aspects of Component Reliability (31)
Component Parts (35)

Mon pm- 
Tues am­
Thur am-

Mon pm—
Tues am

Tues am—

Tues am-
Tues pm-

Wed 
Wed 
Thur 
Thur

Tues am
Wed pm-

Tues eve.- 
Wed am—

Thur am
Thur pm-

Wed am
Wed am—I

Wed pm-

Tues am— 
Tues pm-

Tues pm— 
Wed pm 
Thur am

Wed pm-
Thur am­
Thur am

Thur am—
Thur pm-

ELECTRONICS, INC.
2979 N. Ontario St., Burbank, Calif

Audio (12)
Stereophonic Sound Reproduction (36)
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Land and Space
Advances »n Aerospace Subsystems (6) 
Modern Approaches for Improved 
Air Traffic Management (15)
Panel: Electronics—
Out of This World (24)
Space Telemetry (28)
Satellite Communications (44)
Space Electronics (50)

Management
Engineering Management—I (5)
Engineering Management—II (13)

Information Theory
Radar and Coding Theory (17)
Detection Theory and Applications 
to Physics (25)
Symposium on a Decade of Progress 
in Network Theory (49)

IRE International Convention
Technical Papers—Subject Index

Circuit Theory
Radar and Coding Theory (17) 
Electronic Computers and Circuit 
Theory: How Each Technology Can
Help the Other (33)
Circuit Theory: Current Contributions (41)
Symposium on a Decade of
Progress in Network Theory (49) 
Waveform Analysis and Random
Vibration (54)

Broadcasting
Broadcasting—I (11)
Broadcasting—II (19)
Audio and Broadcast and TV
Receivers (20)

Instrumentation
The Brookhaven Alternating Gradient 
Synchrotron; Transistorized Nuclear 
Instrumentation (2)
Advances in Aerospace Subsystems (6)
Control Applications (9)
Modern Approaches for Improved 
Air Traffic Management (15)
Industrial Electronic Instrumentation (18) 
Design of Equipment Reliability (22) 
Communication System Techniques (37) 
Satellite Communications (44) 
Check-Out Instrumentation and 
Circuitry (51)

Interference
Radio Frequency Interference (4)

element of your 
block diagram., 
now available!

Human Factors
Human Factors in Electronics (45)

Electron Devices
Electronic Devices (8)
Direct Conversion (10)
Broadening Device Horizons (16)

All design, development and production work has 
been completed for you in these RPM power 
modules. Ruy them as catalog items, and get 
these advantages:
16 standard models-125 to 425 volts...50 to 400 milli­
amps, plus 30 standard modifications with extended voltage 
and current ranges
Excellent regulation - 0 05% NL to FL, or 10% line change 
Compactness-RPM units are custom desgmed and built 
with our own transformers for most efficient use of space. 
Super-rugged construction includes one-piece, cast alumi­
num housings and MIL hardware RPM modules can be 
mounted in any position.
High reliability-achieved by use of top quality components 
throughout, and rigid inspection during production.
All standard models or modifications thereof can 
be furnished to meet MIL-E-16400B.

Communications
Panel: Electronics— 
Out of This World (24) 
Seminar on 1959 ITU 
Geneva Conference (29) 
Communication Systems Design (30) 
Communication System Techniques (37) 
Satellite Communications (44) 
Vehicular Communications

All am sessions begin at 10:00; pm sessions at 2:30; eve. sessions at 8:00.

Abbreviation Key: At the Waldorf—Astor Gallery (A), Empire Room (E), Grand Ballroom 
(G), Jade Room (J), Serf Room (Se), Starlight Roof (St).
At the Coliseum—Morse Hall (Mo), Marconi Hall (Ma), Faraday Hall (F).



Tues am-

Tues pm

Tues eve.

Navigation and Traffic Control

Tues am-

Mon pm

Radio and TV Receivers

CERAMIC POWER AND
TRANSMITTING CAPACITORS

Wed am-

Mon pm

Write for complete technical information to

Wed am- 
Wed pm— 
Thur am— 
Thur pm—

Tues pm- 
Wed am-

Wed pm-
Thur am-

Audio and Broadcast and
Television Receivers (20)
Broadcast and TV Receivers (26)

Modern Approaches for Improved 
Air Traffic Management (15)

Tues pm-—Mo 
Wed am- -Mo 
Wed pm—Ma 
Wed pm—Mo 
Thur am—Ma 
Thur pm—Ma

Ultrasonics
Ultrasonics Engineering—I (34)
Ultrasonics Engineering—II (42)

Reliability
Aspects of Component Reliability (31)

Production
Production Techniques (7)
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Microwaves
M rowave Tubes (23)
Microwave Filters (32)
Antenna Pattern Synthesis (38)
Microwave Interaction with Matter (39)
Scanning Antenna Arrays (46)
Antenna and Propagation Problems (53)

Writing and Speech
The Engineer Writes and Speaks (3)

Hie opening meeting will be at 10:30 A.M., 
Monday, March 21. Lloyd V. Verkner, president 
of Associated Universities, Inc., will discuss “Can 
the Social Sciences Be Made Exact?" The high 
point of the program will be a special symposium 
on “Electronic—Out of This World.” It will be 
hi Id Tuesday evening, March 22. The symposium 
will be conducted by Ernst Weber, president of 
tl e IRE for 1959, and a panel of space electronics 
e' perts.

The convention will be held in New York City’ 
at the Waldorf-Astoria Hotel and the New York 
C iliseum. OLEAN, NEW YORK

SEE US AT IRE SHOW BOOTHS 2603, 2605, 2607
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Military Electronics
Panel: Electronics— 
Out of This World (24)

Propagation
Seminar on 1959 ITU
Geneva Conferences (29)
Antenna Pattern Synthesis (38)
Scanning Antenna Arrays (46)
Antenna and Propagation Problems (53)

Designed for wide applications in transmitting and communica­
tions equipments, industrial high frequency applications 
and medical apparatus, Hi-Q HP capacitors offer extraordinary 
space and weight reductions (5 to 70% of weight-2Y2 to 50% 
of space volume) and performance characteristics superior 
to comparable mica capacitors.
Engineered for high frequency operations, the ceramic 
dielectric retains its properties at frequencies above 
1000 megacycles. HP capacitors have much higher current 
ratings for a given size than comparable mica units. 
They can be operated at higher temperatures without 
derating... 105X versus 70X for mica before derating for 
voltage...45°C versus 30°C before derating for current. 
HP capacitors will meet all the requirements of MIL-C-5A 
for moisture resistance.

Medical Electronics
V ied Views of Medical Electronics (14) 
The Human as Originator of
Si nais and Schemes (21)

MORE KVAR
PER CUBIC INCH 
THAN COMPARABLE 
MICA CAPACITORS

Higher frequencies 
Higher current 
Higher temperature
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LONGER MECHANICAL LIFE of G-E in­
dustrial relays is due—in part—to 
G.E.’s exclusive use of molded contact 
stacks which won’t loosen or shift to 
the degradation of relay performance.

Address

CIRCLE 69 ON READER-SERVICE CARD

GREATER STABILITY of G-E relays is 
a result of G.E.’s unique support de­
sign with the relay actually supported 
by its can. Other relays use a canti­
lever support from the base only.

Progress Is Our Most Important Product

GENERAL^ ELECTRIC

ELECTRONIC DESIGN • March 16, 1960

DEPENDABLE PERFORMANCE is contrib- 
uted by the powerful G-E E-frame 
magnet—another exclusive design pro­
viding higher contact pressures, larger 
contact gaps, more contact overtravel.

INDUSTRIAL SEALED RELAYS—unmatched for reliability

We got tired of waiting for this General 
Electric Miniature sealed relay to stop. 
It just kept switching . . . and switching 
... and switching ... through more than 
750 million no-load operations before 
we finally gave up and took it off test.

Frankly, we just don’t have the time 
or patience to find out what its actual 
mechanical life really is. We’re too busy 
building highly reliable relays for com­
puter, machine tool, instruments, and 
other industrial electronics jobs.

But, this doesn’t mean we’re “asleep 
at the switch” and don’t know why the 
G-E Miniature relay performs so re­
markably. It all stems from a superior 
E-frame magnet making possible larger 
gaps and more overtravel ... a molded 
stack for mechanical rigidity . . . Beryl­
lium copper contact springs assuring 
long spring life . . . and, a knife-edge 
pivot which eliminates pivot wear.

Now don’t get the idea that this re­

liable performance is confined to a me­
chanical-life test. To the contrary, this 
rugged relay is pre-conditioned to a life 
of “hard knocks.” Built-in shock and vi­
bration resistance (ranging to 50G’s 
shock, and lOG’s vibration at 5-500 
cps) mean that the G-E Miniature can 
cope with just about any industrial 
demand. And, under typical conditions, 
a G-E Miniature relay will switch the 
coil of a similar relay through at least a 
hundred million operations. It can switch 
size “0” or “00” contactor coils more 
than 40 million times!

What’s more, a General Electric in­
dustrial Miniature requires less than 
one watt of power—a significant bene­
fit when a number of relays are in the 
circuit. And, operating times as short 
as 10 milliseconds are possible, accom­
panied by a sustained repetition rate 
of 2000 operations per minute!

Add to all of this the fact that a G-E

Miniature’s small size saves valuable 
panel space . . . that it’s not position­
sensitive and can mount in any plane 
. . . that wiring is convenient . . . that 
the clearance and creepages on the 
header and socket meet NEMA require­
ments . . . and you know why the G-E 
Miniature sealed relay will out-perform 
any other type of relay in many indus­
trial electronic applications.

Why not see your G-E Apparatus 
Sales Engineer today? He has all the 
details on the seven forms of General 
Electric Miniature sealed relays—each 
in a wide variety of terminations—for 
virtually every industrial switching need. 
Or, if you prefer, mail the coupon at 
right. General Electric Co., Specialty 
Control Dept., Waynesboro, Virginia.

Unique construction features 
give G-E Miniature relay: 
unmatched reliability in 

industrial electronics jobs

General Electric Company
Section A 792-15
Schenectady, New York

Please send me a free copy of 
Bulletin GEA-6665A, Sealed Re­
lays for Industrial Application.
Name_________________________________

City__________________________________

Stat*_______________________________ __

GENERAL ELECTRIC
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How to Get Your Money's Worth Out of the 
IRE International Convention

Industry leaders overwhelmingly endorse the desirability of 
technical conventions, but they are understandably becoming 
concerned about the growing number. A recent study of meet­
ings in the field of flight sciences, prepared for the Daniel and 
Florence Guggenheim Foundation, found that industry leaders 
agreed, 2 to I, that there were too many gatherings. The study 
estimates that the 43 meetings on flight sciences last year had 
cost the industry 258,000 man-days of technical time and $21,- 
500,000 or more in man-costs. To this was added about $1,000,- 
000 to $3,000,000 for the time and money to prepare papers, ar­
range the meetings, publish programs, create and install exhibits, 
etc.

Here are some suggestions for getting the most out of your 
time at the forthcoming IRE colossus, which features 15 simul­
taneous technical sessions each day and 850 exhibits on four 
floors:

1. Plan your attendance at the sessions by checking the ad­
vance program. (See tabulation of the sessions on p 68 of this 
issue.) Decide with other engineers from your company who 
will cover which sessions.

2. Be an aggressive listener. Before attending technical ses­
sions, check the summaries in the IRE Guide. Make notes at the 
sessions. Evaluate the discussion. Question the speaker about his 
paper after the formal discussion period.

3. Plan your booth visits by checking the show product pre­
view in this issue. It begins on p 128.

4. Get in touch in advance with those supplier company en­
gineers with whom you wish to discuss new products or new 
developments. Breakfast, lunch, or dinner appointments can be 
handy ways to avoid conflicts with the technical program.

5. Absorb technical information as well as refreshments at 
hospitality suites.

6. If you are from out of town, plan contacts with companies 
in the Greater New York area as part of your trip.

When the convention is over, analyze your experiences and 
make suggestions for improvements directly to the IRE or to this 
magazine. Constructive ideas are needed and are always wel­
comed.—EEG

ELECTRONIC DESIGN looks forward to meeting you at the show. 
Drop by and shoot the breeze with our editors at Booths 4404-4406— 
particularly if you are planning to write an article. But whether you write 
or not, stop by and shake hands. Our pleasure.

ELECTRONIC DESIGN • March 16, 1960
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TEMPR-TAPEJ

CHR Temp-R-Tapes are easy to apply 
...economical...dependable in service
Choose the right Temp-R-Tape for your job from a variety of 
types which combine some form of Teflon*, Fiberglas or Silicone 
Rubber backing with a silicone polymer adhesive. Temp-R-Tapes 
are all pressure-sensitive, even those which are thermal curing, 
and adhere securely to most materials, including Teflon, at ex­
tremely high temperatures. Each of these versatile tapes possess 
a superior combination of electrical, mechanical and physical 
properties suitable for a variety of applications where high dielec­
tric strength, thermal stability, moisture resistance, durability, 
low coefficient of friction, non-stick properties, non-corrosiveness, 
non-aging characteristics or fuel resistance may be required.
TYPICAL USES:
Electrical — slot lining, interlayer and interphase insulation; har­
ness bundling, splicing, wrapping for microwave components, 
transformer coils, capacitors and high voltage cables. Mechanical 
— facings for film guides in electronic instruments, heat sealing 
bars, forming dies, chutes, guide rails, and for protection for 
metals and other materials being chemically cleaned or coated.
AVAILABLE FROM STOCK:

to 2" widths, 18 yd. and 36 yd. rolls and 12" width on liner 
by lineal yard. Special roll widths slit to order. Temp-R-Tape is 
sold nationally through distributors.
FREE SAMPLE and folder — write, phone or use inquiry service.

ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES

_____ CONNECTICUT HARD RUBBER CO.
•duPont tm Main office: New Haven 9, Connecticut
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Resistance-Value Curves 
Simplify Line-Amplifier Design

Jack Shirman 
Stromberg-Carlson Div. 

General Dynamics Corp. 
Rochester, N. Y.

Jack Shirman, tired of repeating cal­
culations every time he needed a slightly 
different amplifier gain, developed a sim­
ple procedure and a handy set of curves. 
The curves take all the time-consuming 
slide-rule work out of designing a highly- 
stable 600-ohm line amplifier.

BY SIMPLY changing resistor values, one can 
change the gain of the balanced audio ampli­

fier of Fig. 1 over a range from 4 to 20 db. A set 
of curves in this article gives the required resis­
tance values.

Without an input transformer or other auxiliary 
input circuitry, the amplifier is fed from a bal­
anced 600-ohm line or from a 600-ohm line with

INPUT

Ri 
3.3K

I0K/600H

OUTPUT

zf

Fig. 1. Basic configuration of a balanced 
transistor amplifier for 600-ohm lines.

Fig. 2. Design curves for determining resistance values for the balanced amplifier.
CIRCLE 71 ON READER-SERVICE CARD >

ELECTRONIC DESIGN • March 16, 1960

10.0 150 20.0
GAIN IN db

1 
1 

( 
i 
(

t 
l
€ 
I 
n 
ii 
n

P 
3 
b 
h 
rt

It 
q1 
Cl 
cc 
bt

qi 
si* 
of 
pc 
re;

vo 
TI 
ha

be 
tio 
is 
inc 
sta

1 
gai 
fee 
sta' 
-ioi

EU



j can 
mpli- 
A set 
resis-

iliary 
bal- 
with

ARD > 

1960

one side grounded. Series feedback and shunt 
eedback around the transistors render the ampli­

fier highly stable.
Its simple circuitry provides these advantages: 

■ Very low noise level.
■ Excellent frequency response, a function only of 
the output transformer.
■ Good temperature stability.
■ Operation with balanced or single-ended input. 
■ Excellent gain stability with variation in transis­
tor parameters and supply voltages.
■ Absence of capacitors.

The circuit in Fig. 1 shows the two types of 
feedback used. Since this is a balanced circuit 
both values of Ze are identical as are both values 
of Z/ and Rin. No balance is required in the trans­
istors due to the biasing scheme which provides 
class AB operation.

The collector-to-base feedback Z, is an impor­
tant factor which allows better than a 3 to 1 un­
balance in beta. The primary’ impedance of the 
output transformer, selected as 10 K, reflects a 2.5­
K load to each transistor and helps deliver maxi­
mum power out of a 2N43. Both the output and 
input impedances are 600 ohms ±10 per cent as 
required for most telephone systems.

The values of Ri and R^ give maximum peak-to- 
peak output at a particular gain. The values of 
3.3 K and 10 K for Rt and R2 respectively give 
best results for a 10-db amplifier. Tests show, 
however, that these values give quite satisfactory 
results over the entire gain-spectrum of the circuit.

Fig. 2 shows curves for ZP, Zf, and Rin vs gain. 
It is a simple matter for the design engineer, re­
quiring a particular amplifier gain to use these 
curves for the necessary resistance values. It is, of 
course, obvious that only a few values of gain can 
be achieved by using standard 5-per-cent resistors.

However, since high stability is usually a re­
quirement when using this circuit, 1-per-cent re­
sistors are generally used. This allows the selection 
of nearly any desired gain. It should again be 
pointed out that the input and output impedances 
remain fixed at 600 ohms ± 10 per cent.

The amplifier gain stability’ for varying supply 
voltages and transistor betas is shown in Fig. 3. 
This set of curves shows why it is not worthwhile 
having a larger gain spread than 4 to 20 db.

As the gain is increased, the effect of transistor 
beta spread is an exponentially increasing func­
tion. That is, as the amount of negative feedback 
is decreased the effect of beta on gain stability 
increases exponentially. Above 20 db the reduced 
stability no longer justifies using this type circuit.

Fig. 3 also indicates that, at the low end of the 
gain curve, increasing the amount of negative 
feedback no longer improves the stability. The 
stability of the amplifier for supply voltage varia- 
,ion is a straight line plotted on semi-log paper as

♦SHOCKLEY 4-LAYER DIODES used in simple and inexpensive multivibrator 
circuit for high speed operation over a wide range of temperatures.

A NEW FLIP-FLOP CIRCUIT
A new and simple method for building flip-flop 

or multivibrator circuits is to use two (just two!) 
Shockley 4-layer diodes. After all, the 4-layer diode is 
a solid-state switch...just what’s needed in a flip-flop.

Because of low cost, wide range of power handling, 
and high speed, 4-layer diodes can be used for many 
flip-flop applications - handling currents from a few 
milliamperes to 20 amperes...repetition rates as 
low as 1 cps to hundreds of kc...voltages from 20 to 
200...temperature ranges from -60° C. to +100° C.

There is circuit versatility, too. It can be triggered 
or free running. It can be designed so positive pulses 

^hock/ey transistor corporation fill
YEARS o,

Stanford Industrial Park, Palo Alto, Calif.
BECKMAN

drive it to one side, negative pulses to the other; 
or so each pulse drives it to one side for a specified 
time then reverts automatically to the other side 
until the next pulse. Best of all-only 9 components 
are required...the free running flip-flop has only 7!

Our new Multivibrator Data Sheet will tell you 
more. Or, maybe you’re interested in how the 4-layer 
diode can simplify and solve other circuit problems, 
such as pulse modulators, ring counters, alarm cir­
cuits, magnetic memory driving, d-c to a-c inverters, 
oscillators, detonators, or pulse amplifiers. Call your 
local Shockley representative or write Dept. 7-2.

CIRCLE 72 ON READER-SERVICE CARD
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±0.14

Simplified A. C.
Transfer Standard 

Coaxial Design for 
Broad Frequency Response 
and Ease of Operation

Model TV 1

±0.12

±0.10

? *0.08

THERMAL TRANSFER 
VOLTMETER 

RANGE .5 volts to 1200 
volts three decade range

±0.04

±0.02

NULL SENSITIVITY 
.04%/C.M. L & N Type 
2430A Galvo Provided

THERMO-COUPLE TEMPERATURE MEASUREMENT
The Thermo Couple Potentiometer is calibrated 
in percent of A.C. Input voltage. Calibration on 
2 decades switches and 10 turn pot. This allows 
operator to read frequency response in percent 
without D.C. transfer. Zener regulated supplies 
eliminate battery drift.

FREQUENCY RESPONSE
IOK

9 09 K 1%

2N43

200û

50 10.0
GAIN IN db

33 K

20.0

Fig. 3. (above) Gain stability 
as a function of gain at 1000 
cps, 25 deg C. The curves 
cover a power-supply variation 
(Vc) of ±10 to 14.5 v and vari­
ation in transistor beta from 
40 to 125.

I0K/600Û

THERMO-COUPLE
D. C. Reversal Error less than 
.02%. Couples plug in replac­
able $40.00. Couple operated 
in thermally balanced bridge 
to eliminate temperature drift.

.5 to 290 volts .02% to 50 
KC 300 to 1200 volts .02% 
to 10 KC Calibration cur­
ves provided to 5 mega­
cycles with accuracy of 
0.1%.

1.0

D. C. TRANSFER 
Transfer measurement is made 
to a calibrated D. C. supply of 
the same voltage as the un­
known A. C. being measured. 
This eliminates ratio errors in 
the high frequency multiplier 
resistors.

f°r complete information.
Jee us in Booth No. 3814 at the IRE SHOW, or at main ex­

hibit in St. Moritz Hotel.

INSTRUMENT 
LABORATORIES

OCONTO • WISCONSIN LAB

9.09 K t%

Fig. 4. The balanced transistor am-
plifier designed for a 10-db gain.

-20

-3.0

10 100 1,000 10,000 100,000

FREQUENCY IN cps

Fig. 5. Frequency response for the 10-db amplifier at 25 deg C. Transistors have a beta of 55 and 
the supply voltage is 12.3 v.
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TALKING
ABOUT NEW

SPECIAL-PURPOSE
TUBES

Now what about these new frame
1 hear? Andrid tubes? Are they

Circuit Limitations

CBS0,000

Newark, N. J.
231 Johnson Ave., TAlbert 4-2450

A Division of Columbia broadcasting System, Inc.
Sale* Offices: Danvera, Maae , 100 Endicott St., SPring 4-2360

Melroae Park, III., 1990 N Mannheim Rd.
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function of the gain (i.e. the amount of negative 
feedback applied). The circuits gain is highly 
table over a temperature range from —20 to 4-70 

C. Several tests at —40 C show no appreciable 
shift in gain.

With the indicated values of Rt and Rg, the 
maximum output of the amplifier is 1.5 v rms to a 
600-ohm load for any selected gain. For a particu­
lar gain, adjustment of Ri and Rg will result in 
larger output voltages. Care should be taken not 
to exceed the dissipation rating of the transistors.

ELECTRONICS, Danvers, Mass.

The new CBS 7548 secondary-emission tube. 
Nothing else can touch it. Do you read me?

1000 
rves 
ition 
/ari- 
rom

Several limitations exist in the use of this cir­
cuit. The battery voltage range is ±10.0 v to 
±15.0 v. The design curves are given for only 600- 
ohm input and output impedance. Though the 
output transformer secondary can be designed for 
any desired impedance level the input must neces­
sarily be 600 ohms. If an input transformer is used 
a large part of the circuit advantage is lost.

One other important design consideration is 
manufacturing tolerance on the transformer. Vari­
ations in insertion loss and de resistance have not 
been considered in any of the curves or calcula­
tions. ■ ■

Qi The boss has a weird idea he can get ten 
watts Class C out of a T-6J^ miniature. I 
don’t believe it, even ICAS.

Qi You’re cornin' in loud and clear. Now how 
about a high-voltage shunt regulator. Any 
ideas?

À2 What you want, boy, is watts. And what I 
mean is ... you want the new CBS 5763.

EStebrook 9-2100 • Loa Angde», Calif , 2120 8. Garfield Ave., RAymond 3-9081 
Atlanta, Ga., Cary Chapman & Co., 672 Whitehall St, JAckbun 4-7388 • Minne­
apolis, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-5457
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If you need answers on CBS tubes, call 
the answer man. your CBS tube repre­
sentative. You can reach him at your 
Manufacturers Warehousing Distribu­
tor, or at your local CBS Electronics 
sales office. Call today.

A: That's easy. The CBS 6792 is the only answer 
... and it'll handle up to 25 kv. That hold you?

I've been hearing plenty. Is there a good 
twin triode?

A: Natch! Tune in on the new CBS ECC88/6DJ8; 
it's a honey.

Design Procedure
Assume a 10-db amplifier is required which is 

to deliver 2.2 v peak-to-peak (0 dbm) to a 600- 
ohm load.

Looking at Fig. 2. we see that for 10-db gain 
Re = 200 ohms, Rtn = 620 ohms and Rc = 9.1 K. 
These are all standard 5 per cent values but as 
mentioned before, 1 per cent tolerance resistors 
are used. Fig. 5 shows that for a P spread of 40 to 
125, we get a gain variation of ±0.055 db and for 
a battery range of ±10.0 v to ±15.0 v, we get a 
variation of ±0.10 db. Excluding resistor varia­
tions we now have a circuit designed to give a 
gain of 10 db ±0.16 db.

The completed circuit shown in Fig. 4 has a 
noise level of —73 dbm with no input but includ­
ing battery’ noise. Maximum output voltage is 2.0 
v rms. There is no noticeable change in gain over 
a temperature range of —20 to 4-70 C.

The frequency response curve is given in Fig. 5. 
It should be noted that this response, in the lower 
frequency range, is entirely a function of the 
transformer used. Measurements show less than 
0.5 per cent total distortion at 0.8 v rms and less 
than 1 per cent at 1 6 v rms with maximum tran­
sistor unbalance.

Qi Hi. Joe, you're supposed to be the expert on 
tubes. hat's the best tube for a milli­
microsecond pulse amplifier?

Reference*

L. P. Hunter, Handbook of Semiconductor Electronics, 
J ’cGraw-Hill Book Co.

R. F. Shea, Transistor Circuits, John Wiley & Sons, Inc.
H. Lefkowitz, Transistor AC Amplifier Uses Multiple 

I eedback, Electronics, May 23, 1958.



Graphical Solution of the Resonance
Equation Speeds Circuit Design

gives

2 /45'

which leads to

df(a)

REAL

j2da

Dr. Amlinger is no longer with Epsco Worcester.

Dr. Phil R. Amlinger*
Epsco Worcester 
Worcester, Mass.
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“Graphical methods,’’ says Phil Am- 
linger, “can solve many differential equa­
tions in a very simple way." He wrote 
this article, the first in a series on graphi­
cal solution of network problems, to show 
how easily vector diagrams can solve the 
resonance equation.

where Z is the impedance of a parallel resonant 
circuit, Y is the admittance of a series resonant 
circuit, Z/Zn and Y/Yo represent the normalized 
impedance and admittance, and the subscript 0 
shows resonance.

One can introduce the term a = (A f/f0) Q 
where A / is half the 3-db bandwidth and Q = 
(oo L/R. in terms of a, one can express

and phase angle <p = —jr/4. Hence, as the func­
tion j{a) = 1/(1 -f- j2a) is represented by the circle 
in Fig. 2, one finds any particular value by draw­
ing vector (1 i%a) and then swinging it around 
the real axis by the amount of its phase angle, thus 
reversing the sign of cp. The intersection with the 
circle represents vector 1/(14" /2a).

First one draws the denominator, vector 1 4- ;1, 
with magnitude 11 4- /I | = V2 and phase angle 
cp = n/4. (See Fig. 2.)
From Euler’s Theorem one can write

Fig. 2. Construction of vector f(a)(O=J/t) 
¡1} from the inverse vector 1 + /!■

A T A GLANCE, graphical methods can pre­
** sent a complete picture of a complex function 
and can obviate tedious computations. Applied to 
the general resonance equation, one graph can 
show magnitude and phase angle, real and im­
aginary part, attenuation and bandwidth.

When Q is greater than 10, the general reso­
nance curve is closely approximated by

JW(a=l/2) — ----------------

I 
with magnitude

Vector Diagram Construction 
Needs Three Points On Circle

This expression represents a circle in the complex 
plane. Two points of the circle can be found easily 
for the extremes of the parameter a = 0, and 
a -» co:/(a)(a = 0) and/(a)(a-»oo) = 0.

To obtain the third criterion for the circle one 
must see how the function behaves near point 
/(a)(a-o) — 1. Adding the infinitesimal value da 
to a = 0, gives dj(a). which represents the increase 
of the function at the desired point f(a)(a - o> = 1 • 
Differentiating:

and with a = 0, one obtains

df(a)(a~o) = j2da

which is an infinitesimal vector in the direction 
~j. (See Fig. 1.)

The function crosses the real (horizontal) axis 
at point f(a) = 1 at a right angle and vector —j2da 
is tangent to the circle through points 1 and 0, 
with the center at 0.5 on the real axis. Note that 
df(a) is considerably enlarged for clarity. For —da 
one find«? (if (a} f„-0) = +j2da. The vector differ­
ential can be applied to any point f(a)t but the one 
chosen is most convenient. Choosing

Vector Diagram Shows 
Off-Resonance Effects

Fig. 3 shows a detailed construction of the reso­
nance equation with different values of a. At 
resonance, a = 0 and f(a) = Z/Zo = Y/Yo = 1- 
The circuit is resistive. Below resonance, co < too, 
so a < 0. For example, a = —1/2 gives Z/Zo = 
f(a) = 1/(1-/I) = 1/2 4- /1/2 = 0.708 /45°. 
This indicates that the magnitude Z/Zo = 0.708, 
the real component = 0.5, the imaginary compo­
nent = 0.5. Hence the circuit is inductive with 
phase angle cp = 45 deg.

Fig. 1. Development of the vector diagram 
shows vector differential df(a) applied to 
point f(a) = 1.
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for the particular attenuation.
It is now necessary to find the Q-bandwidth 

product. The reciprocal vector

One can now construct a chart for a specified 
attenuation. Again a circle through points 1 and 0 
with the center at 0.5 on the real axis represents 
the function

-—♦RESONANCE 
REAL I

Hence, below resonance
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are conjugate values or mirror images of each

above resonance, with a > 0, f(a) is represented 
by the lower semicircle so the circuit is capacitive.

Fig. 3 shows immediately that the real compo­
nent is maximum at resonance and that it de­
creases off resonance. The imaginary component is 
zero at resonance and reaches its maximum for a = 
±1/2 where real and imaginary parts have equal 
magnitude and the phase angle is 45 deg. At this 
point the magnitude of the impedance (or admit­
tance) is 0.708 of the resonance value, that is, it 
is 3 db down.

This, of course, is the familiar resonance curve 
of a single-tuned LC circuit. The impedance, and 
therefore, the voltage-decrease off resonance is a 
function of the detuning ±Af and the circuit Q. 
The condition for 3-db attenuation is a Q-band- 
width product

where 2Af is the 3-db bandwidth (bw) between 
the specified impedance vectors, yielding

One can simply read the Q-bandwidth product 
2QAf/f0 for the particular attenuation at the 
ordinate through point 1.0. For 6-db attenuation 
one reads 1 Z | /Zo = 0.5 and 2QAf/f0 « 1.73. For 
1-db attenuation Z /Zo « 0.89 and 2Q A f/fo = 
1/2. The vectors

is found at the ordinate through point 1.0 on Fig. 
5. Extending the impedance vector, for example, 
for 3-db attenuation, till it intersects the ordinate, 
yields vector

Fig. 3. (left) Vector diagram of the resonance equation 
with a = QAf/fo-

is read from Fig. 3, is plotted separately in Fig. 4, 
ogether with a db scale for the relative attenua- 
ion.

For a = 0 and da in the negative direction, 
df(a> <a=n) = +j2da which means that the func­
tion runs counterclockwise on the upper semicircle 
for all negative values of a representing <o < o)O«

Design Application Gives Impedance, 
Voltage, Phase, Bandwidth, and Q

The magnitude of the normalized impedance

0 db 
I db

unc­
ircle 
raw- 
mnd 
thus

Along the real axis a db scale indicates the rela­
tive attenuation.

The particular value is transferred to the circle 
by means of a compass. The intersection repre­
sents the normalized impedance vector

Fig. 4. Parallel resonance curve shows the magnitude of 
the normalized impedance.
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E
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Hence

GREMARW f

ai 
si

T 
tiGREMAR CONCENTRATES . . . on RF connectors only . . . 

focusing unique engineering, production and quality control fa­
cilities on standard and special connectors guaranteed to meet 
your specs.
GREMAR DELIVERS . . . stocks America's most complete line 
of RF connectors and fittings . . . maintains a shelf stock of 
more than 500,000 assembled units ... of over 2000 types . . . 
and 4,000,000 component parts ready for assembly!

RELIABILITY THROUGH QUALITY CONTROL 
VISIT US AT IRE SHOW BOOTH 2217

CIRCLE 75 ON READER-SERVICE CARD

MANUFACTURING COMPANY, INC.
Dept. B, Wakefield. Mass., CRystal 9-4580

DB: 20 15 12 10 9 8 7 6 5 3 2.5 2 15 I I H 0

v -2 
0

'^.Q = \

Jo I Y 10« 
bw(3d» ~2Af = = -- = 6.66 kc’

Q 150

0.9”

08-

0.7--

0 6-

04--

0 3-

GUARANTEE

WITH

HEWLETT-PACKARD and other top 
quality electronic test instrument makers 
who demand reliability and exceptional per­
formance from their components, specify 
Gremar because:

GREMAR INVITES YOU 
to evaluate its superior RF 
stock connectors and its unique 
ability to engineer units to 
your needs. Write for literature 
on all series . . . BN, BNC, 
TNC. C. SC, N, QDL, 
QDS, SM, HN, LC, 
LT, PULSE — or send 
us your specs on spe­
cial requirements. Gage calibration prior to checking 

thread dimensions is just one of 142 
separate quality checks Gremar per­
forms to insure utmost reliability.

0.2-

014

.79 .84 .89.92 97'1

RELATIVE ATTENUATION-DB

MIAT/V£ 
ATTN.-DB 0 /

4 2
J 
4 / 1.5 2 2.5 3 4 5 6 7 8 /O 12 IS 20 >20

¿pa 
Jo 0 25 .35 43 .5 .65 .77 .88 1.0 1.21 1.47 7.73 20 2.3 265 30 3.9 S.5 10.0 121 (ATT).

% 7.0 .97 944 .92 .89 84 794 15 108 .63 .56 .5 45 .4 .35 316 25 .178 .1 <0.1 -1.0

HUlSEAMiLty 0° 74° 23.3 26.5 33° 376 414 45* 507 55$ 609 635 665 693 716 75.7 797 84Î H90 HO*

Fig. 5. Design chart and table giving resonant circuit parameters—phase angle, 
bandwidth product, normalized impedance, and attenuation.

other as reflected in the real axis, that is, their mag­
nitudes and real parts are equal but their imag­
inary parts have opposite sign. Therefore, assum­
ing good symmetry of the resonance curve, one 
needs only a semicircle to represent Z/Zo.

The final chart, Fig. 5, enables one to determine 
quickly the bandwidth vs. Q for a specified rela­
tive attenuation or vice versa. The values for 
2(A f/fo) Q > 1 are plotted along the abscissa 
through point 1.0, to save space. Some examples 
will demonstrate the usefulness of the chart!

Design Examples With 
Single And Cascaded Circuits
■ For a single-tuned tank circuit with resonant 
frequency f0 = 1 me and Q = 150, what is the 
3-db bandwidth?

The chart in Fig. 6 gives the conditions for 3-db 
attenuation.

t
v

I 
t 
t

= 0 66 per cent /0

■ For a single-tuned tank, resonant at 1 me, a 
6-db bandwith of 20 kc (2 per cent /0) is required. 
What is the required Q?

For 6-db attenuation, the chart in Fig. 6 shows

2^Q = 1.73 
Jo

2A/ 2 X 104

■ A multi-stage, single-tuned amplifier, resonant 
at 100 me, is to have a 3-db bandwidth of 1 me 
(1 per cent f0). It has n cascaded stages with n = 
3. What is the necessary Q per stage, and what 
will be the attenuation and phase shift per stage 
and for the entire amplifier?

Ft 
ar
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1 1(X)
»tage

yielding

0 (.»tage)

The overall voltage ratio

This gives

Hence

WS

COMPANYDRIVER-HARRISme

and, with the condition for 3-db atténuation of 
single stage,

For convenience, some values of the chart in Fig. 6 
are tabulated below it. ■ ■

VACUUM MELTED KARMA* High w.r.
The temperature coefficient 3 superior KARMA resistance 
wire has been improved to less than ±10 parts per million 
from —60°C. to +125 C. Higher stability and linearity are 
added to these important properties.

• Low thermal EMF against copper (equaled only by 
Manganim

• Improved ductility
• High resistance to oxidation
• Wire sizes down to 0005"
• BOO ohms per circular mil foot

Since the overall attenuation is 3 db, the at- 
enuation per stage is 3/n db = 1 db. For 1-db at- 
enuation, the chart gives

LECTRONIC DESIGN • March 16, 1960

fits are elimination of gas, not only from the surface but 
from the entire mass, and general improvement in the elec­
trical, electronic and mechanical properties to meet critical 
specifications.
For additional information about Karma, Therlo and the 
other 130 high-nickel alloys manufactured by Driver-Harris, 
write for a copy of the D-H Alloy Manual.

•T.M Reg U.S. Pat. Off.

NOW EXCLUSIVELY VACUUM MELTED 4
KARMA High Resistance Alloy 

THERLO Glass Sealing Alloy
This dramatic “first” in the manufacture of nickel alloys by 
Driver-Harris has been achieved by expanded vacuum melt­
ing capacity. It is still another example of our continued 
leadership in producing electrical and electronic nickel alloys 
of the highest purity.
D-H vacuum melting produces alloys of higher ductility and 
tensile properties. These are achieved by greatly reducing 
inclusions, especially oxides and nitrides. Other direct bene-

VACUUM MELTED THERLO* Gian Soiling Alloy
Improved workability is the major result of vacuum melting 
THERLO... the long established cobalt, nickel, iron alloy 
for sealing to hard or thermal shock resistant glass.
THERLO also:

• Produces a permanent vacuum-tight seal with simple 
oxidation procedure

• Resists mercury
• Is readily machined and formed—deep drawn or spun
• Can be welded, soldered, brazed
• Is available as rod, wire, strip, sheet foil—and in 

special shapes

that is, total attenuation within the required band­
width is 3 db, and total phase shift is ±80 deg.
■ Three-cascaded, single-tuned, identical stages 
have an f0 of 70 me. At f0 ±20 me the attenua­
tion must be 80 db. What must the Q per stage 
be and the 3-db bandwidth per stage?

The 80-db bandwith is 2 A f = 40 me. Hence, 
the attenuation per stage is 80/3 = 26.66 db.

26.66 db = 20 log X
X = 21.5

^(•(»tage) 21.5

The table in Fig. 6 shows, for a relative attenua­
tion 20 db,

per stage bu^m = 2Af

= 21.5 = 37.5
40 me

HARRISON 26, NEW JERSEY • BRANCHES: Chicago, Detroit, Cleveland, Louisville 
Distributor; ANGUS-CAMPBELL, INC., Los Angeles, San Francisco • In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 

MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
CIRCLE 76 ON READER-SERVICE CARD

70 me•------- = 1.86 me
375



Amplitude-Modulation Techniques Class-C RF Amplifiers
N. Wesler and J. Fokine*

Design Engineers Ford Instrument Co. Long Island City, N.Y.
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Fig. 2. Combined plate-screen modulated stage.
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Amplitude-modulation techniques have not received 
the glamorous fanfare and publicity given to fm, ptm, 
pwm, and other more modern methods of impressing 
intelligence on a carrier. However, the comparatively 
ancient techniques are still being widely used by the 
military, industrial and amateur services with satis­
factory performance and reliability.

Here is a roundup of the more popular am tech­
niques currently in use.

Fig. 1. Plate-modulated output stage.

CLASS C PWR AMP

class c pwr amp

ClASSC PwR amp

Fig. 3. Screen grid modulation using modulation transformer

MODULATING 
SIGNAL

Fig. 4. Screen grid modulation with clamp tube. Fig. 5. Controlled-carrier modulation.

6



A NEW LINE OF

CONTROL AMP

COMPONENTS

Fig. 6. Control-grid modulated stage

Ka bands.andAvailable X, Ku

STATION

ELECTRONICAMERICAN

WAVEGUIDE CRYSTAL 
DETECTOR MOUNTS

CARRIER 
CONTROL

.SCREEN 
SUPPLT

MODUlAT'NG 
SIGNAL

T0 SCREEN GRID
OF CLASS C 
RF AMPLIFIER

Coaxial Micro­
I wave Crystal 
k Switches »30 
\mc to 12 kmc

Norman Wesler (at right) and John Foklne 
(at left) are design engineers who feel that 
future communication trends will lean towards 
amplitude modulation techniques combined with 
single-sideband modes of transmission.
°N. Wesler is now principal engineer with Budd 
Lewyt Electronics, Inc., Long Island City, N. Y., 
and J. Fokine is with Loral Electronics, New York.

Coaxial crystal detec 
.tor mounts • 50 me 
X. to 12 kmc >

Waveguide Filters 
Band Pass and . 

High Pass • 8.2 J 
kmc to 40 kmc

In Canada contact: Conway Electronic Enterprises Regd., Toronto, Canada

CIRCLE 77 ON READER-SERVICE CARD

Waveguide Dummy 
Loads • Low VSWR 
Lightweight—High

. Power—High
^^Efficiency

Horn Antennas 
Linearly or Circularly 

polarized • 1 kmc a 
< to 40 kmc S

Conica*Hdllx and Log 
Periodic Antennas 

. Broad Band 40 A
Xmc to 12 kmcS

AEL proudly offers a new line of micro­
wave WAVEGUIDE CRYSTAL VIDEO 
DETECTOR MOUNTS specifically de­
signed for the High Tangential Sensi­
tivity that has become the hallmark of 
AEL*a detector mount program,

MODULATION
MODULATOR TRANSFORM!R

Roundup of Most Popular Arrangements for Amplitude Modulation

Type of 
Modulation

Circuit 
Description Advantages Disadvantages

Plate 
(Fig. i)

Modulating signal is coupled to the rf load 
through the modulation transformer.

High plate efficiency 1. Large amount of 
modulator power 
required.
2. Bulky, expensive 
modulation trans­
former necessary.

Plate-Screen 
(Fig. 2)

Screen grid is fed from modulation trans­
former common to plate.

Improved linearity 
over plate modula­
tion.

Same as plate mod­
ulation system.

Screen-Grid With 
Modulation 
Transformer 
(Fig. 3.)

Plate fed from de supply. Modulation ap­
plied to screen electrode through modula­
tion transformer.

1. Relatively low 
modulator power re­
quired.
2. Tank circuit tuning 
requires simple ad­
justment.

Low plate efficiency.

Screen-Grid 
With Clamp 
Tube 
(Fig. 4)

Clamp tube acts as dual modulator ampli­
fier and coupling device. Modulating signal 
varies effective resistance of tube, which, 
together with resistor Rd, determines the 
screen potential.

1. Eliminates modula­
tion transformer — 
savings in size and 
expense.
2. Applicable to 
wideband transmis­
sion.

Low plate efficiency.

Controlled- 
Carrier 
(Fig. 51

A portion of the modulating signal is fed to 
the control amplifiers, which rectify, filter 
and apply to the screen a de voltage pro­
portional to the modulation level. With no 
modulation, screen voltage is at a minimum.

1. Low modulator 
power required.
2. Power is conserved 
during periods of no 
intelligence.

1. Low plate effici­
ency.
2. Additional com­
ponents compared 
other screen grid 
methods.

Control-Grid 
(Fig. 6}

Modulation transformer secondary varies 
control grid voltage.

1

1. Exceptionally low 
modulation power re­
quired.
2. Commonly used in 
TV transmitters where 
low power, wide 
bandwidth signals are 
handled.

1. Tuning adjust­
ments critical.

2. Low efficiency.



How To Design A Voltage Divider Network
Having Constant Input Impedance

R-R
2 *

3000H

1500*1

I5OÍ1

Gerald 
gaged 
design 
borne
tory. This article is based on 
some of the work he has done 
there.

Fig. 1. (left) The switching 
range for n ranges.

Lang has been en­
In transistor circuit 
since he Joined Air­
Instruments Labora-
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Gerald Lang
Electronic Engineer 

Airborne Instruments Laboratory 
Long Island, N. Y.

AVOLTAGE-divider network that provides a 
constant-input impedance can be designed 

(for many types of equipment) using a one-pole, 
one-deck, multi-range switch. The input-energy 
source connected to this network will be unaf­
fected by load variations, and a linear voltage 
division will result when the switch is moved from 
range to range.

The switching circuit for n ranges is shown in 
Fig. 1. When designing the nth range, however, 
Fig. 2 is a more generalized diagram.

The input impedance seen by the source E is.

R^R-RN + Z) _
Z,n = rn 4----------------- ---------- ------------ - rv + /t (1)

/i A

>3oon 
98OÛ <

<io5on 
7ion ”

Fig. 3. (right) In the illustra­
tive example, a switch feeds a 
transistor amplifier.

Fig. 2. (left) This is the gen­
eralized diagram used when 
designing the n* range.

Fig. 4. (right) Working from 
Table 1, the remainder of the 
switch parameters are com­
puted and listed here.
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These equations are valid only if q
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Normalizing the input voltage to the transistor 
amplifier,

Z R + Z I T* a
Since the same impedance is desired for any of 

the n ranges, Eqs. 2 and 3 must be equated. There­
fore:

inequality does not exist, then b is negative and the 
solution is an absurdity.

For a four-position range switch with a =R/Z 
= 3, the pertinent equations are solved and the 
normalized results are listed in Table 1.

Example
Suppose this switch is feeding a transistor 

which has the following hybrid parameters: h< = 
1600 ohms, hr = 2.1 x 10"3, hn = 50 micromhos, 
hf9 = 50 and feeding a load of 1000 micromhos. 
The input impedance and current ratio into the 
base of this stage (common emitter configuration) 
are respectively:

Z = h,and = — (8)

Globe Industries has developed a control circuit for our d c. permanent 
magnet motors which causes the motor to run synchronously with a reference 
frequency while getting full power from a d.c. source. Thus now you can 
have, in one package, the high torque per weight and size advantage of our 
d.c. motors combined with precise speed regulation. The system does not 
disturb the speed-torque performance of the motor even during starting.

The control is fully transistorized. No contacts or other moving parts are 
used, so that long reliable speed regulation is assured.

One version of this control, in a two cubic-inch package, provides speed 
regulation of +.1%/ — .5% over load and/or voltage variations. (The motor 
runs in exact synch with the built-in reference frequency but the frequency 
generator also has a .1% error over the range — 20 C to 50 C.)

Speed regulation with accuracy measured in parts per million is being 
approached through development of a very stable separate frequency gen­
erator to be fitted into a five cubic-inch package.

We are ready to discuss your application problems. Our wide experience 
in making motors for literally thousands of military applications—involving 
the fullest range of environmental requirements—assures you of a quick 
solution to specific problems. Globe Industries. Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio, Telephone BAIdwin 2-3741.

On the most sensitive range (contact 1' con­
nected to contact 1 in Fig. 1), the normalized im­
pedance seen looking into the range switch is:

E ?n -T R' R — //.v 4“ Z
where e/E will be called 1/q.

Solving Eqs. 4 and 5, the values of |3 and b can 
be found. They are:

GLOBE INDUSTRIES, INC.
PRECISION MINIATURE AC. 1» D.C. MOTORS. ACTUATORS.
TIMERS. STEPPERS. BLOWERS A FANS. MOTORIZED DEVICES

R„ (R - RN 4- Z) 
R + Z

If the following substitutions are made,

h0 H- Gl it

With reference to Fig. 3,

_ (Zjn 4~ Tv) Rn

Zin 4- tn 4- Rn
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another achievement of General Instrument Corporation

SIZE

PACKAGE

RELIABILITY

VERSATILITY

PRICE

Rangegranai -

0.4725

0.6525
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RADIO RECEPTOR COMPANY, INC
Subsidiary of General Instrument Corporation

240 Wythe Avenue, Brooklyn 11, N. Y., EVergreen 8 6000

Fig. 5. Thevenin equivalent circuits. Range 1 is shown 
above, Range 2 is shown below.

Table 1. For a 4-position range switch 
(with a = R/Z = 3), the pertinent equa­
tions are solved and the normalized results 
listed here.

wroMjnc
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Here is the most convenient and reliable selenium bridge ever made. Check it over 
feature by feature and you’ll see why...
13/16” x 7/8* x 15/32” making it the smallest bridge available—1/5 to 1/10 the 
size of conventional devices.
Flat, compact and incredibly sturdy, it has a twist-on lug for solid and simple 
mounting.
The selenium cells have no artificial barrier layer thereby reducing aging and high 
voltage drop.
Designed to operate off line voltage, the bridge is rated at 155V rms max., 90 ma 
D.C. Size, shape and dependability make it ideal for many commercial applications. 
Only 63r in production quantities, the bridge is practical for many types of equip* 
ment where half-wave circuits are now used.

Further technical data is available upon request to Section ED-3

GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION. AUTOMATIC 
MANUFACTURING DIVISION, SEMICONDUCTOR DIVISION; RADIO RECEPTOR COMPANY, INC., 
THE HARRIS TRANSDUCER CORPORATION, MICAMOLD ELECTRONICS MANUFACTURING COR­
PORATION ANO GENERAL INSTRUMENT- F. W. SICKLES OF CANADA, LTD. (SUBSIDIARIES)

Visit us at tha IRE Show. Booth 1211-24

the industry’s most practical package 
reduced to 1/10 conventional size... and priced as low as 63^!

For the typical small signal transistor selected,

1(i0()_2»X10-»(75) = U50s;
1050 X ID’6

z = woo - = 1500 a
(50 + 1000) 10-6

This means R = 4500 ohms in this example. 
Working from Table 1, the remainder of the 
switch parameters are computed. These values 
are shown in Fig. 4.

The current going into the base is determined 
from Eq. 8. Although the value of Rs changes for 
each range, the value of i8 correspondingly 
changes to keep the base current the same. This is 
seen in the two Thevenin equivalent circuits of 
Fig. 5, for ranges 1 and 4.

Of major concern is how this circuit would func­
tion if a transistor with a different |3 was substi­
tuted in the amplifier. Let us assume a ¡3 variation 
of ±50 per cent and see how much error this 
introduces. With a [3 of 75,

Req.= 900H

i.5K n0.8E

Req.= l4OH 4350H

2.0IE I.5K n



T^ble 2. The pertinent changes due to P 
variation are shown here.

d Values

25 50 75

Zin 1150 1125 1095

Range 1

A Zin

Z
2.22% 0 2.66%

q 1 1 1

A E 0.012E 0 0 014E

Zin 1130 1125 1120

3wn

Range 2

A Zin

Z
0.445% 0 0.445%

q 2 94 3 3.07

A E 0.004E 0 0.C04E

pie. 
the
ues

ned 
for

Range 3

Zin

A Zin

Z

q

1127

0.17%

9.8

1125

0

10

1126

0.085%

10.25

>giy
is is

A E ±0 0 ±0

of
Zin 1125 1125 1125

inc- 
)Sti- 
tion 
this

Range 4

A Zin

Z

q

0

30

0 •

30

0

30

A E 0 0 0

tch and with a ß of 25,
ua- 
ults

y - inno _ 2 ' X 10- — i o
1050 X 10 -6

—

Due to the feedback term, for a ±50-per cent (3 
variation, the input impedance has a variation of 
only zp3.3 per cent.

In Table 2, the pertinent changes due to vari­
ation are recorded. The largest change in E due 
to a change in transistor input impedance is 1.4 
per cent and this occurs in Range 1. The values 
listed in this table are all within slide-rule accuracy 
a id show that the magnitude of the errors intro­
c iced decrease as the number of switching stages 
a e increased. ■ ■
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GLASS-TO-METAL SEALS ARE ...

leak

Sam the design engineer is sure that 
nothing — but nothing — is going to 
leak into his treasure chest because 
it is well sealed.
He may never have to design another 
product for Davy Jones locker, but 
Sam knows that when he's concerned 
about critical sealing he can rely on 
Constantin glass-to-metal "leak proof" 
seals for all his needs — and he is 
confident that no matter what his 
requirement — multi-headers, all-in-one 
assemblies, transistor mounts, covers, 
single terminals, crystal mounts or all 
standard type seals — he can 
specify Constantin for

"Qualify with Confidence"

WRITE FOR ADDITIONAL INFORMATION

MANUFACTURING
ENGINfcERS

GENERAL OFFICES: ROUTE 4S 
LODI. NEW JERSEY PLANTS'.

ROUTE 4«.
LODI, N. J.

STH AND CAPITOL STS. 
SADDLE BROOK. N J.

Sm us at IRE Booth # 1320-1322

CIRCLE 80 ON READER-SERVICE CARD



Reprints of this series will be available from Paul Wrablica Associates, 120 E. 56th St., New York 22, N. Y,
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Fig. la. The control knob of this 
thermostat tester is rather close 
to the heat unit, an undesirable 
operation factor. -

Fig. lb. By placing the control to the side, operator 
safety is achieved. An opening in the self-contained 
handle provides storage for the thermometer during 
transit.

An Industrial Designer Discusses...

CASES and HOUSINGS

Functional and attractive styling in cases and hous­
ings externally reflect the aesthetic touch of 
the industrial designer. Clever 
internal schemes, sometimes overlooked, 
are illustrated and discussed.
(Knobs were discussed in the February 17th 
issue of ELECTRONIC DESIGN, p 56, 
Panels in March 2, p 32.)

Paul Wrablica
President
Paul Wrablica Associates 
New York, N. Y.
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LABORATORY and production equipment, con­
cealed from all but the engineer and tech­

nician, have only recently emerged from the grim, 
“black-box” look to the sophisticated and func­
tional package which proudly reflects the intricate 
circuit design enclosed. Consumer-product de­
vices, on the other hand, have been housed in at­
tractive enclosures for some time due to pressures 
exerted by furious competition.

Major efforts by industrial designers are respon­
sible, to a great extent, for the “new look” in pro­
duction and laboratory equipment.

Industrial Design Targets
Prime targets for the industrial designer faced 

with an assignment involving equipment housing 
are:

■ Clean, distinctive styling.—A neat, uncluttered 
appearance inspires confidence to an unskilled or 
newly-assigned technician. It also conveys a sense 
of prestige to the manufacturer as well as the pur­
chaser.

■ Convenient accessibility to internal compo­
nents.—In the event replacement, repair, or cali­
bration is required, enclosure removal should be 
rapid and simple.

■ Minimum tooling and production costs.—By 
carefully weighing the feasibility of mass-produc­
tion techniques, thereby reducing assembly steps 
and hardware required, substantial cost savings 
can be realized.

To illustrate typical problems submitted to the 
industrial designer, several case histories are pre­
sented with “before and after*’ comparisons.

PRECISION POTENTIOMETER

For more performance in less space it's 
the new Clarostat Series 57. 1^" precision 
potentiometers. A precise rotor and brush 
assembly used in combination with the 
exclusive Clarostat “Hi Load' winding 
element results in a miniature potenti 
ometer of maximum resolution, stability 
and reliability. Nickel silver body with 
stable, thermally compatible cover Termi 
nals are exclusive Clarostat positive 
mechanical internal locking type

Thermostat Tester
Consider the assignment originally calling for a 

stainless-steel enclosure to serve as a carrying case 
for a thermostat tester manufactured by Spencer 
Thermostat Div., Metals and Controls Corp., At­
tleboro, Mass.

Minimum tooling costs, ease of assembly, and 
provisions for the storage of a glass thermometer 
were the original project goals. After careful 
study, a completely redesigned product housing 
was proposed which eliminated the need for a 
separate carrying case and, at the same time, ful­
filled the original requirements.

All existing components were retained but re­
grouped for improved operator handling. As 
shown in Fig. la, the control knob in the original

For military and commercial applications.

Resolution to 0.05%.

Dielectric strength: 1000 V. ac for 
one minute " atmospheric pressure.

Resistance range: to 100K ohms.

Linearity: (Independent) * 2% standard 
♦ 1% special

Rotation: Mechanical 360° with stops 
available, electrical 320 ', min. 

standard, effective 300° 5% standard.

Mountings: Servo and bushing

WRITE TOR COMPLETE DETAILS

Senes 57 units available from your Clarostat Industrial Distributor
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INC
DOVER, NEW HAMPSHIRE

In Canada CANADIAN MARCONI CO., LTD , Toronto 17, On*
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Fig. 2. The original antenna rotator control (a), has been redesigned (b) for ease in assembly (c) as well as styling.

design was not conveniently accessible and was 
located rather close to the heat unit. By transfer- 
ing the control to the side of the case, as shown 
in Fig. lb, simpler and safer operation is achieved.

The handle of the new housing is an integral 
part of the assembly and the hole in the upright 
provides the protective storage for the accessory 
thermometer. All wiring is routed through one 
side of the unit for an improved, uncluttered ap­
pearance.

The curve at the top of the housing permits re­
duction of over-all package height without sacri­

fice in adequate gripping space. Perforations are 
included for ventilation.

Antenna Rotator

An antenna rotator control, (Fig. 2a) manufac­
tured by Crown Controls Corp., New Brcman, 
Ohio, was judged to be unattractive, costly to as­
semble, and poor in terms of accessibility for re­
pair purposes. Industrial designers were consulted 
for overall package redesign.

Since the unit is intended for home use rather 
than laboratory or factory service, a two-tone color 

scheme in neutral shades of ivory-cream and terra 
cotta was selected to harmonize with most natural 
furniture woods.

The dial for the new design, Fig. 2b, is located 
so as to provide maximum visibility over a wide 
field of view. The face of the dial is decorative 
and non-technical to avoid confusion by the 
housewife and the company name has b(*en given 
a distinctive and functional appearance. In addi­
tion, the new shape is easy to grasp and carry and 
offers a light, airy appearance when contrasted 
against the original styling.

Economy and convenience in production and 
assembly were effected by molding (1) an inex­
pensive bakelite cradle to support the internal 
components, Fig. 2c, and (2) a plastic cover per­
mitting rapid accessibility and assembly.

Portable Power Pack

Field technicians complained of aches and 
bruises inflicted by a poorly packaged power 
pack. Constructed of heavy-gage metal, the un­
compromising metal box, Fig. 3a, bounced un­
comfortably against the body during transporta­
tion and was awkward to grip.

Goals for redesign included improved appear­
ance, convenience and comfort for the operator, 
and elimination of the dangling electric cord.

As shown in Fig. 3b, the newly styled case is 
molded of vinyl-type plastic in a modified kidney­
shape to conform to the body’s contour. No screws



Fig. 4 (a) and (b). The ultrasonic 
cleaner shown is suitable for d rplay 
in a factory or atop the counter of a 
fine jewelry store

HUGHES
FAMILY OF
DIRECT-VIEW
STORAGE TUBES
World’s most complete line 
of storage tubes!
TONOTRON* TUBE: displays full range of grey 
scale images for daylight viewing. Ideal for 
weather radar, PPI presentations, “B” scan 
projections and other complex radar systems.

MEMOTRON® TUBE: displays successive tran­
sients until intentionally erased. Permits direct 
comparison and analysis of wave forms without 
photography.
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Ultrasonic Cleaner

The final case history illustrates the redesign of 
an enclosure for an ultrasonic cleaner and drier 
maker by Acoustica Associates, Plainview, N.Y.

Although primarily intended as an instrument 
for factories and repair shops engaged in jewelry 
and metal work, it was nevertheless decided that 
the finished product should be attractive enough 
to look well on the1 counter of a fine jewelry* retail 
shop.

Since cleaning solutions must be replaced regu­
larly without danger of spilling, it was mandatory 
to consider rapid and simple accessibility to in­
ternal components.

As shown in Figs. 4a and 4b, a three-section 
housing was conceived with the following sec­
tions:

(1) A base casting with ventilation slots.
(2) A casting for the control chamber, with a 

r ‘movable cover plate. All electrical components 
; re mounted to the cover plate as a separate sub­
; ssembly. The cover plate is then simply attached 
t) the control chamber casting.

(3) A sheet metal wrap-around base firmly 
1 olds the cleaning solution jar and acts as a self­
s ipporting unit when removed from the equip­
i lent. ■ ■

TYPOTRON® TUBE: displays any combination 
of 63 symbols or characters at speeds to 
25,000 per second. Retains presentation until 
intentionally erased.

STORAGE TUBE CHARACTERISTICS
SCREEN 

DIAMETER
STANDARD 
PHOSPHOR DEFLECTION

TONOTRON TUBES
H1021 3* P1 Electrostatic

7221 5* P20 Electrostatic

7222 5* P20 Electrostatic

7033 5* P2U Electromagnetic

H1044 21* P20 Electromagnetic

H1028 4* P1 Electrostatic

H1033 10* P20 Electromagnetic
H1034 10* P20 Electrostatic
H1041 7* P20 Electrostatic

H1042 7* P20 Electromagnetic

MEMOTRON TUBE
6496 5* P1 Electrostatic

TYPOTRON TUBE
6677 5* PI Electrostatic

10 additional TONOTRON tubes and 4 
additional TYPOTRON tubes available.

For full and complete information on how 
Hughes storage tubes may fill your particular 
needs and applications, write or wire: HUGHES, 
Vacuum Tube Products Division, 2020 Short 
Street, Oceanside, California.

For export information, write Hughes International, 
Culver City, California.

Creating a new world with ELECTRONICS

*Trademark of Hughes Aircraft Company
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How a Digital Servo Loop Operates

difference stored

cat

e. n

the polarity of the digital 
register 4.
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Hayes B. Steinhouser
Eclipse-Pioneer Div. 

Bendix Aviation Corp. 
Teterboro, N. J.

quently used when encoding a shaft position to 
reduce reading errors. In this code, an additional 
unit for translating from cyclic into natural binary 
coding is required. The number in register 2 must 
be in natural binary, since the computer opera­
tions are performed in natural binary.

A DIGITAL servo converts a digital number 
or code group into a corresponding position 

of an output shaft. This is accomplished by a 
servo loop which is partly analog (shaft position 
controller) and partly digital (special purpose 
computer serving as the comparison element of 
the loop).

In this device, digital data, representing the de­
sired position of an output shaft, is received and 
compared with locally generated data represent­
ing the actual position of the shaft. The compari­
son allows control of the output shaft to make its 
actual position correspond with the desired posi­
tion.

Actual and Desired Positions Are Compared 
Digitally, Adjustment Is Made by Analog Drive

In brief, register 1 (Fig. 1) receives and tem­
porarily stores a binary code group representing 
the desired position of the output shaft. Register 
2 performs the same function for the actual posi­
tion of the output shaft. Adder 3 produces a bi­
nary number which is the difference between the 
two. This difference is temporarily stored in the 
result register 4.

The digital number in register 4 is converted 
into an equivalent voltage by a digital-to-voltage 
converter 6. Polarity’ control 5 makes sure that the 
polarity of this output from unit 6 corresponds to

The analog voltage from 6 is then amplified in 
servo amplifier 7 in order to drive servo motor 8. 
This motor rotates the load and the digital shaft 
encoder <9 in a direction to make the position of 
output shaft 10 coincide with the command posi­
tion, closing the loop. Difference is Determined by Adding The 

Complement of Actual Shaft Position

The difference between two numbers could be 
obtained in adder 3 either by subtracting the sec­
ond from the first or by adding the complement of 
the second to the first. However, the process of 
addition is simpler to accomplish in a computer 
than that of subtraction. Consequently, an adder 
is used in unit 3, and the number required in reg­
ister 2 is the complement of the binary number 
representing the output shaft position.

One way of obtaining this complement would 
be by reading out of the digital encoder 9 the 
binary number representing the output shaft posi­
tion and then complementing this number by an 
operation in a computer. However, it is usually 
simpler to arrange the shaft encoder 9 to read 
out the complement of the number representing 
output shaft position so that no additional com­
plementing operation is required. Simply revers­
ing the direction of rotation of the shaft encoder 
will give a complement read out.

Many times, fellow engineers have asked Hayes B. Steinhouser 
about the digital servo that he is developing.
He concluded that a basic description of just how one 
of these sampling servos operates would be of wide interest. 
In this article, Mr. Steinhouser considers a shaft angle repeater. 
Such a system might be part of a radio repeater link 
by which aircraft instrument readings could be 
simultaneously observed at a ground station.

c< n 
nur

Command and Actual Shaft Position Encoded 
at Sampling Rate

Let us look more closely at the operation of the 
special purpose digital computer that forms part 
of this servo system. The digital command re­
ceived by register 1 is in the form of a natural 
binary’ code group. The code group of digital sig­
nals recurs at a chosen sampling or repetition rate. 
This sampling rate is governed by programming 
pulses. The register is thus periodically cleared to 
receive and temporarily store successive code 
groups. Each digital signal corresponds to an in­
stantaneous position of the command.

Similarly register 2 receives and stores for an 
interval successive code groups of digit signals, 
each corresponding to an instantaneous position 
of the output shaft. The digit signals received 
from the digital shaft encoder might be either in 
natural binary’ code or in the cyclic binary’ code. 
The cyclic binary code (or a gray code) is fre-
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The addition operation is initiated and carried 
out by program pulses supplied to the adder and 
to registers 1, 2, and 4. The difference or result 
produced by adder 3 is in the form of a code 
group of digits in natural binary code. This result 
is received by register 4.

The result represents the numerical value of 
the difference between the numbers which were 
in registers 1 and 2 at the start of the operation. 
The result is next transferred to a storage register 
in the digital-to-voltage converter (unit 6). This 
unit produces an output voltage proportional to 
the numerical value of the binary digital input 
fed into it.
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Polarity Is Determined By The Most Signifi­
cant Digit in the Difference

How the polarity is determined can be seen 
from two numerical examples. First let the number 
in the command register be 11 which corresponds 
to 1011 in the natural binary code. Let the number 
which represents the output shaft position be 6. 
This is 0110 in natural binary. In this case, the 
ci mmand number is larger than the shaft position 
number.

Because the number required in register 2 is the 
c< mplement we take the complement of the out- 
p it shaft position 0110. This is done in binary 
a ithmetic by changing all ones to zero, all zeros 

to ones and adding one as follows:

1001
0001
1010

This is the number which appears in register 2.
We next add the numbers in register 1 and reg­

ister 2 to obtain a result for register 4 as follows:

1011
1010

10101

The numerical value of the result is obtained 
from the first four digits (starting from the right or 
least significant digit). In this case it is 0101 which 
corresponds to 5 in the decimal code, the correct 
difference between 6 and 11.

The left hand or most significant digit in the 
result is a 1 in this five-bit word. A 1 always oc­
curs in the furthermost left digit when a positive 
result occurs, corresponding to a command posi­
tion higher than the shaft position number.

Difference Must be Complemented When Nega­
tive Result Is Indicated

For the second example let the number in the 
command register be 6 (0110) and the number 
representing output shaft position be 11 (1011). 
Here the command number is lower than the shaft

TRADE MARK

(LARGE WAVEGUIDE) TEST EQUIPMENT AND CUMPONENTS
which include the following: 

adapters 
test horns 
attenuators 
bends 
twists

signal samplers 
crystal detector 

mounts
terminations

loads 
phase shifters 
slotted lines 
switches

tees 
transitions 
tuners 
wave meters

These units will be supplied in the following EIA designated tubing sizes: 
WR77, WR975, WRI 150, WR1500, WR1800, WR2100, WR2300.

SEE US AT THE I.R.E. SHOW-BOOTHS 2241-2243

NEW DEVELOPMENTS of

WRITE TODAY for your copy of the latest Douglas cata­
log featuring more than 1,500 standard microwave 
components—more than any other source in the field.

250 East Third Street, Mount Vernon, N. Y. 

11 ) Ultraviolet pulsed energy systems fea- 
lution- /5?rH,'nd,.mi,,imærose^^ reso- 
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number. We complement 1011 as follows

0101 as the binary numbei

rheem/silicon in register 2.

MESA
TRANSISTORS 01011

Medium Power
2N497, 2N498, 2N656, 2N657

Production Quantities from Stock

SEE RHEEM AT THE I.R.E. SHOW

BOOTHS 2925-2926

AISLE 900, SECOND FLOOR

mo

a e

0100 
(XKH

0110
0101

0100
0001

No wadding the numbers in register 1 and 
ister 2 as follows:
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Utmost versatility, maximum reliability, 
25 millimicrosecond switching, 5 ohm 

saturation resistance, 2 watt dissipation.

In this case, the left hand or most significai t 
digit is a 0. This indicates that the result is 
negative. It also means that the number repre­
sented by the four digits to the right must be 
complemented to obtain the correct numerical 
value of the result.

Complementing the right hand or least signifi­
cant digits 1011 as follows:

Manufactured by diffusion processes, these types 
have closely controlled electrical parameters. 

As in the 2N696 and 2N697, all units display 
a high degree of electrical, mechanical 

and environmental reliability.

ma
nm

RHEEM SEMICONDUCTOR CORPORATION
A SUBSIDIARY OF RHEEM MANUFACTURING COMPANY

Dept. B3, P.O. Box 1327, Mountain View, California • Yorkshire 8-9211

Regional Sales Offices
WESTERN: Los Angeles—5150 Wilshire Boulevard 

San Francisco—327 Moffett Blvd., Mountain View, Calif.
CENTRAL: Minneapolis-—6519 Nicollet Avenue 

Detroit—18450 Livernois Avenue • Chicago—1919 N. Harlem Avenue 
EASTERN: Englewood, N. J.—610 East Palisade Avenue
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Polarity Control Reverses Voltage and Com­
plements Difference for Negative Results

A polarity control circuit 5 is operated by the 
digit in the result carry' position. Whenever a 1 
is present in the carry position the polarity’ con­
trol remains inoperative. When a 0 occurs in 
the carry7 position the polarity’ control operates to 
reverse the polarity' of the voltage out of the digi- 
tal-to-voltage converter 6.

When a 0 is present in the carry position of 
the result, the polarity control also operates to 
cause programming pulses to complement the 
number in the result register before sending it to 
the digital-to-voltage converter. This complement­
ing operation may be done in a separate unit in­
serted between the result register 4 and the digital

High Speed Switching
2N696, 2N697

0101 as the result which 
corresponds to 5 in the decimal code.

A 0 always occurs in the farthest left (or carry) 
position when the result is negative, correspond­
ing to a number less than the shaft position num­
ber. Note that whenever the result is negative, we 
must take the complement of the number in the 
result register 4 in order to obtain the correct nu­
merical value of the difference.

There must always be one more digit in the 
result than there are in the numbers being added. 
For instance, if four digit numbers are being 
added, the result must have five digits. If eight 
digit numbers are added the result will have nine 
numbers. The additional digit is to accommodate  ̂
any carry over that may occur from the addition. 
It is this additional left hand digit which is called 
the carry position and is the one used in deter­
mining polarity of the result.
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vc tage converter 6.
Alternatively the complement may be obtained 

b merely inverting all digits in the result register, 
(ail 1’s to O’s and all Os to Is) without adding a 
1. The 1 is then added effectively by inclining an 
additional voltage equivalent to one unit in the 
output of the digital voltage converter whenever 
the converter output is negative.

RHEEM one-source ordering convenience 
offers you industry’s 

most complete line of high quality
Shaft Position is Sampled, Corrected to 
One Significant Digit at Sampling Rate

In the special purpose digital computers, then, 
we have produced a voltage output which is pro­
portional to the difference between the command 
position and the output shaft position, and whose 
polarity depends on whether the command posi­
tion and the output shaft position and whose po­
larity depends on whether the command posi­
tion number is greater or lesser than the shaft 
position number. This voltage, amplified servo 
amplifier 7, drives servo motor 8. The motor turns 
the digital shaft encoder 9 and the output shaft 
10 in a direction to correspond with the command. 
The complete program of operations is repeated 
at the chosen sampling rate. Typically this rate 
might be twenty times a second.

The command and existing positions are there­
fore compared say twenty times a second and a 
correcting voltage developed corresponding to 
their difference. As long as an error of even one 
least significant digit exists between the command 
and existing positions, a voltage is produced which 
will cause the servo to drive towards coincidence.

SILICON
DIODES
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Shaft Encoder Reconverts Shaft Position 
To Digital Form for Computing

The digital shaft encoder 9 is geared 
output shaft which is being controlled. It 
sents shaft position by a digital number

SEE RHEEM AT THE I.R.E. SHOW 

BOOTHS 2925-2926 

AISLE 900, SECOND FLOOR

Rheem facilities totaling 150,000 sq. ft.
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varies from 0 to the 0 deg position up to a maxi­
mum number (just prior to the 360 deg shaft 
position) which is dependent on the number of 
digits used.

With eight digits this maximum is 255, since 
with eight digits there are 28 or 256 different in­
crements or shaft positions and these are num­
bered from 0 to 255 (rather than 1 to 256). Sim­
ilarly with a nine digit system (29 = 512) the 
maximum number would be 511. The command 
number varies between the same limits as the 
indicated shaft position.

In a typical system the servo amplifier 7, servo 
motor 8, and digital shaft encoder 9, might be 
packaged in an instrument case with the indicator 
d al mounted on the output shaft 10. The remain- 
irg units shown in Fig. 1 would be part of a spe- 
c al purpose computer. Time sharing techniques 
a e usually employed so that one computer may 
be used to close the loop for digital servos. ■ ■

1N457 
1N458
1N459

1N643 
1N658 
1N662 
1N663

RHEEM SEMICONDUCTOR CORPORATION
A SUBSIDIARY OF RHEEM MANUFACTURING COMPANY

Dept. B3, P. O. Box 1327, Mountain View, California • Yorkshire 8-9211

Regional Sales Offices
WESTERN: Los Angeles—5150 Wilshire Boulevard 

San Francisco—327 Moffett Blvd., Mountain View, Calif.
CENTRAL: Minneapolis—6519 Nicollet Avenue 

Detroit—18450 Livernois Avenue 
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threshold. Thus, the error probability is the only
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called the “performance threshold,” or “interfer­
ence criterion.”
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cRkr = Interference occurs in 
the receiver

t'Ru = Interference does (not 
occur in the receiver

W. B. Floyd
Branch Leader of Systems Research and Evaluation 

Melpar, Inc.
Boston, Mass.

A Methodology for Interference Prediction ?
. ti

THE ULTIMATE goal of interference-predic­
tion techniques is to foresee the occurrence or 

absence of man-made interference in a system, 
prior to its development and construction, by eval­
uating its design characteristics. An ideal inter­
ference-prediction technique should provide de­
sign and system engineers with a set of rules for 
placing devices in space and frequency and con­
trolling their operation so that an interference- 
free situation results. Although the current ca­
pability of interference specialists fall somewhat 
short of this target, several promising approaches, 
one of which is described, are being developed 
and steadily improved.

Definition of Interference
In attempting to predict the extent of interfer­

ence which may occur in a system (or device), it 
is first necessary to determine an adequate defini­
tion of what is meant by the occurrence of inter­
ference in that system. A widely accepted general 
definition is that interference occurs at a particu­
lar point in a system when the performance at 
that point is degraded more than some tolerable 
amount. This basis for defining interference in­
herently involves some measure of system per­
formance, so that there may be many different 
measures of interference which could be utilized 
in a given situation.

In a binary digital communication system, for 
instance, a conventional measure of performance 
is the probability of error in a single digit, and

Since Joining the Mel- 
par Research Division 
m 1956, Bill Floyd has 
been concerned with 
the design and evalua­
tion of communication, 
sonar and Civil Defense 
systems. He is currently 
involved with studies of 
interference problems 
plaguing airborne weap­
ons systems.

A description of a methodology for defining interference, construct­
ing a model, and then utilizing coarse data as a means of predicting 
interference.

when this probability reaches a certain level, say 
10'3, interference may be said to have occurred.

Once an acceptable definition of interference has 
been determined, it is convenient conceptually (if 
not mathematically) to construct a model of the 
system in terms of parameters which reflect the 
way in which the system behaves and its perform­
ance in the expected environment.

For a system of transmitters and receivers, the 
problem of determining this model could take the 
following general form. A function, fk, of certain 
system and environmental characteristics, Xi, x2, 
. . ., xn, must be determined such that if fk takes 
on any value within a region RkJ, then interfer­
ence occurs in the kth receiver; otherwise inter­
ference does not occur in the kth receiver. In 
symbols,

Each region of interference, Rki, can be deter­
mined, as mentioned, from a designation of intol­
erable system degradation due to the presence of 
undesired signals at the output of the kth receiver. 
The characteristics -{x<}- (i = 1, 2, . . ., n) are 
parameters which describe portions of a system of 
transmitters, receivers, antennas, or the environ­
ment in which the system is operating. For con­
venience, the function fk can be determined so 
that Rki consists of values of fk less than some 
threshold, Ak. The parameter Ak is sometimes

Initial Prediction Steps
The parameters x< are the fundamental build­

ing blocks of the model and must be sought as 
soon as an acceptable definition of interference is 
determined. This quest must be conducted care­
fully; otherwise it may produce only a paper pre­
diction capability, that is, a capability of answer­
ing interference questions only if certain things 
are known, which are never known in practice.

According to the example given above for a 
digital communication system, it is only necessary 
to determine the probability of single digit error 
and compare this figure with the performance

Fig. 1. Idealized model of an inferference problem 
encountered in a communications system.
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Unfortunately, even when an adequate descrip­
tion of a system, its interference susceptibility and 
environment, are available in terms of appropriate 
parameters, the timely prediction of interference 
may still constitute a large problem. Some of the 
parameters, while determinable at some time in

the total receiver output power with only 
the undesired transmitter turned on.

the total receiver output power with only 
the desired transmitter turned on.

Fig. 2. Probability of interference as a function of relative receiver gain.
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As an illustration of a rather idealized model, 
consider the diagram in Fig. 1 which depicts a 
communication system consisting of a transmitter, 
transmitting antenna, receiving antenna, and re­
ceiver. Also shown in the diagram is an undesired 
Fansmitter with its antenna. Assume, for example, 
that interference will occur at the receiver when­
ever the total power measured at the output of 
t <e receiver, with the desired transmitter turned 
cff, exceeds by some stated amount the total out­
put with the desired transmitter turned on. This 
cefinition of interference is widely used and can

swer- 
hings

As with the probability of single digit error, 
this power ratio can conveniently be learned 
prior to installation of the communications system 
in the presence of the undesired transmitter only 
through measurement or calculation of other sub­
ordinate parameters. If the passage of signals from 
the output of the two transmitters to the output 
of the receiver can be considered a linear opera­
tion, then the interference model in Eq. 2 can be 
written as

parameter required for predicting interference. 
Naturally, this parameter is not known per se and 
therefore the search for parameters, the x/s in 
Eq. 1, must proceed under certain constraints; 
namely, each of the x/s should be determinable 
through either theoretical calculations, estimation 
on the basis of past experience, or measurement 
through some known technique. These “condi­
tions of adequacy" which must be satisfied are 
many times quite difficult to meet.

Usually a detailed design of the system must 
be studied, and a long list of characteristics set up 
before the performance of the system can be de­
termined, In addition to intimate knowledge of 
the way in which a system handles desired (and 
undesired) inputs, a rather detailed description of 
the undesired signals which could lead to inter­
ference must be obtained.

The functions SD(f) and Su(f) denote desired and 
undesired transmitter output spectra, Cn(f) and 
Cu(f) denote the coupling between the output 
terminals of the receiving antenna and the input 
terminals of the desired and undesired transmitter 
antennas, respectively, and R(f) represents the 
gain and selectivity curve for the receiver.

For many situations, these functions will be 
known or determined as a matter of course in 
system design. Of course, the assumption of 
linearity everywhere is a severe departure from 
reality and therefore subject to question. For in­
instance, most receivers inherently involve non­
linear stages for detection. However, for certain 
types of undesired signals, the output signal-to­
noise ratio will very nearly be the same as that of 
the last if stage, since this stage is narrow band. 
Therefore the linear model can reasonably be ap­
plied in some situations.

for a
•ssary 
error
nance
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nee is 
care-

the power at the receiver output with 
the desired and undesired transmitters 
turned on.
the power at the receiver output with 
the desired transmitter turned off.
the threshold which defines the inter­
ference region.
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the development of a system, may not become 
known precisely until a short time before inter­
ference would actually be experienced, that is, too 
late to be of value except to indicate the poii ts 
at which the interference could be controlled. It 
is important, therefore, to utilize whatever inft r- 
mation may be available in the way which pi )- 
vides the best current estimate of the interferen e 
to be expected at any stage of design.

In order to simplify the treatment of equivocal 
or exiguous data, it may be possible to classify the 
different ways in which any member of the set 
of parameters -{x^ may be known. One method 
is to partition the possible information which may 
be obtained on each of the parameters into three 
types:

(1) The value of the parameter given exactly.
(2) Probability distribution of the parameter 

given.
(3) Several (or a range of) possible values of 

the parameter given.
Once the type of data available on each para­
meter is known, it is possible to state the questions 
which may be answered using this data. If con­
siderable Type 1 information is available on 
the Xi}- in a complicated model, then most 
questions dealing with interference (concerning 
the extent, transmitter source, particular trans­
mitter harmonic, etc.) can be answered. If only 
Type 2 data is available, then questions can only 
be answered in probabilistic terms. Type 3 in­
formation, on the other hand, could be used to 
obtain accurate answers, but would require con­
siderable effort to examine all possible combina­
tions of values for the ^x.

In the design stage, mostly information of 
Types 2 and 3 is available; sometimes, decisions 
are reached on the basis of average or extreme 
values, using these values as if they actually 
represent Type 1 information. The use of con­
servative “worst case” values, or the well 
known “educated guess” for nominal parameter 
values is not uncommon at all. This approach has 
many pitfalls, notably the fact that the aver­
age value of a function of random variables is not 
the same as the function of the average values of 
the variables. Also the use of worst values can 
easily result in costly over-design. It is possible, 
however, to retain, and indeed emphasize, the 
equivocation of data when presenting an answer 
to a problem based on this data.

An estimate of a parameter, Xy, when accom­
panied by the estimated accuracy, sometimes 
constitutes enough information to ascribe to the 
true value of the Xy a particular random behavior. 
Once the particular random variation can be estab­
lished for each xf represented by Type 2 informa­
tion, in principle the random variation in the I 
function fk can be determined. A probability of I 
interference can then be obtained by noting the I

CIRCLE 87 ON READER SERVICE CARD ► 
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percentage of cases f* exceeds the threshold, A*.
As an illustration, consider again the linear 

r odel described by Eq. 3, with the assumptions

CD(f) = CD 
cu& = cu 

Bd = So(J)R(j)df 
B* = SoWWj

Eq. 3 can now be rewritten as
ABUCU > BdCd = > Interference Occurs (4) 

Suppose, for example, that the parameters A and 
Cd are known precisely, only the maximum and 
minimum values (Ci and Co) of Cu are known, and 
it is desired that minimum value of the relative 
gain in the receiver, G = BD/BU, be determined 
such that the probability of interference is no more 
than a. Presuming that all values of Cu between 
Co and Ci are considered equally likely to occur, 
then the probability of interference a, can be 
written as

= Pr{Cu

A Ci - CdG if Co < — 
A

° A

= 0 if Cj

The minimum acceptable relative gain in the 
receiver, Gm, can therefore be written as

CD
The curves in Fig. 2 show the relationship be­
tween the probability of interference and the 
relative gain in the receiver for certain values of 
the maximum and minimum undesired antenna 
coupling. The uncertainty attached to the para­
meter Cu is reflected in the way these curves an­
swer the interference question initially stated.

This example, while idealized, serves to illus­
trate the methodology of defining interference, 
constructing a model, and utilizing coarse data 
as a means of predicting interference. Its applica­
tion to several communications and radar systems 
has pointed up the current lack of adequate 
models for describing the passage of signals 
tl ¡rough devices and the predominance of equiv­
ocal and sketchy data on environment. Both of 
these areas are receiving more attention, and the 
c urent anxiety over potential interference prob­
it ms will very likely be alleviated through the de- 
v clopment of new tools for analysis and dö­
s’ription. Meanwhile, coarse techniques such as 
the one outlined above can be used to avoid many 
s tuations in which interference could arise. ■ ■
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BLOWING YOUfe SflÄCK/ OVER 
ELECTRONIC CONTROL? LET UAP HELP YOU!

UAP has the specialized capabilities needed to analyze your over-all 
problem; apply the system technique; integrate components and sub­
systems into complete operational systems to achieve specific functions 
such as temperature, mechanical and mass flow control.

Example: UAP was assigned the expendable refrigerant system re­
sponsibility for an unmanned supersonic target drone built by Radio­
plane Division of Northrop Corporation. This cooling system consists 
of an electronic control assembly that maintains a constant mass air 
flow, regardless of pressure variations. It also schedules the quantity of 
anhydrous ammonia expendable refrigerant from the pressurized am­
monia tank. Constant temperature is thus maintained to the compart­
ments which house electronic flight-controlling equipment.

Send us your requirements:
UNITED AIRCRAFT PRODUCTS, INC., Dayton, Ohio
(Contractual Engineering Offices: California, Gardena FA 1-4810; New York 
City MU 7-1283; Day ton, Ohio BA 4-3841; Canada, Montreal OX 7-0810) 
WESTERN DIVISION, UAP, INC., Box 20, Gardena, California

11*524133-1 Expendable Refrigerant System
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are tuned to a pair of fre- 
which fits Eq. 2 or 3. Then

Fig. 1. Test setup for measuring receiver intermodule' 
tion characteristics.

justed to produce a specified receiver output indi­
cation. Ea and Eb are maintained equal for the 
measurement. The measurement may be repeated

f0 = fb — fa (second order), and (2)
f0 = 2fa — fb (third order). (3)

In these expressions fb is taken to be the higher 
of the two interfering signal frequencies. The 
second-order expression shows that either fa or fb, 
but not both, may be close to f0; but for third- 
order intermodulation it can be seen that both ja 
and fb may be near f0.

SIGNAL 
GENERATOR 
NO l(f0.E0)

SIGNAL 
GENERATOR 
NO. 2(fb' Eb)

the frequencies of the interfering signals present 
at the input; and the coefficients m, n, p . . . are 
integers (0, 1, 2, 3, etc.). The order of the inter­
modulation product is defined as the sum of the 
coefficients (m + n -f- p . . . ).

Intermodulation caused by only two signals is 
by far the most prevalent type. Furthermore, only 
second- and third-order intermodulation have been 
found to cause significant receiver interference, 
and these are significant only for the negative 
sign in the frequency expression shown above. 
Then the most important forms of intermodula­
tion are defined by

Measurement Setup
The conventional laboratory test for receiver 

intermodulation uses the setup shown in Fig. 1. 
With the receiver tuned to a certain frequency,

Nonlinearities in the input stages of a 
receiver produce intermodulation prod­
ucts when undesired signals are picked 
up. By inserting data from simple meas­
urements into the nomographs presented, 
the frequency and tolerable limits of un­
desired signals can be determined to aid 
in the selection of operating frequencies 
for communication systems.

I NTERMODULATION is one of the most seri- 
■ ous forms of internally generated interference 
in communications receivers. The seriousness of 
the problem results from the fact that reception 
of a desired signal may be obscured by the inter­
modulation of other signals which are several 
channels away. Therefore, the possibilities of in­
termodulation should be considered whenever op­
erating frequencies are being selected for com­
munications equipment, especially if the portion 
of the frequency spectrum under consideration is 
already crowded.

Theory and Prediction
Whenever two or more signals are mixed in a 

nonlinear device, additional frequency compo­
nents are generated. The input stage, or stages,

or a radio receiver usually have sufficient non­
linear action to produce these new frequency com­
ponents, or intermodulation products, from unde­
sired signals entering the receiver. If the frequency 
of one of these products falls at the tuned fre­
quency of the receiver, it is amplified and detected 
in exactly the same manner as if it were a co­
channel signal. It is evident that an intermodula­
tion product falling at or very close to the fre­
quency of desired reception may render reception 
impossible due to heterodynes and cross-modula­
tion with the desired signal.

The general frequency relationship that is ful­
filled when intermodulation occurs at the tuned 
frequency of the receiver is

W. M. Rogers, H. L. McKinley, C. E. Blakely 
Georgia Institute of Technology 

Atlanta, Ga.
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(4)
(5)

where E2 and E3 are the second- and third-order 
intermodulation product voltages, respectively, 
and Ea and Eb are the voltages of the signals fa 
and fb.

The equations given above are borne out very

fore, to excellent approximations, 
E2 a EaEb (second order), and 
E3 oc Ea2Eb (third order),

I LECTRONIC DESIGN

or various frequencies fa and ft» with the speci­
fied receiver output indication as a fixed parame­
ter. The set of points obtained defines a curve 
which indicates the intermodulation characteris­
tics of the receiver as a function of the separation 
oetween the interfering signal frequencies and 
the receiver-tuned frequency.

It is necessary in making these measurements to 
insure that the signal generators themselves are 
not contributing to the intermodulation. Most 
commercial generators, when their outputs are 
connected directly in parallel, have large enough 
internally generated intermodulation products to 
cause erroneous test results. For this reason it is 
advisable to provide rf isolation between the two 
generators.

In the frequency range below vhf, a bridge net­
work may be used as an isolation device. For vhf 
and uhf, a tuned transmission line device, such as 
a hybrid ring, would be used. Either the bridge or 
the hybrid ring can provide as much as 40 to 60 db 
of isolation with a 6- to 10-db insertion loss. The 
hybrid ring has a disadvantage, however, that it is 
a narrow-band device and can be used only over a 
limited frequency range.

(2)
(3) 
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Typical Curves
Fig. 2 shows second- and third-order intermodu­

lation curves that are representative of those ob­
tained by the procedure described. The output pa­
rameter for these curves is a 6-db audio (S -4- N)/N 
ratio, but the curves would be identical in shape 
even if some other output parameter had been 
chosen. To obtain these data, one signal generator 
was unmodulated, and the other was modulated 30 
per cent at 400 cps.

A large number of hf and vhf receivers, both 
am and fm, of various types have been tested, and 
it has been found that all have smooth intermodu­
lation curves of the characteristic shapes illustrated 
in Fig. 2. The absolute voltage levels, of course, 
vary from set to set, and the slopes of the curves 
of two different receiver types may be somewhat 
different.

Fig. 3 represents a typical plot of the inter­
modulation characteristics of two different re­
ceivers tuned to the same frequency. It is seen 
that receiver “A” is more susceptible to intermodu- 
htion at small values of Af than receiver “B.” 
I lowever, the “close-in” slope of the curve for re­
ceiver “A” is steeper, and receiver “A” is less sus­
ceptible for large Af than is receiver “B” It would 
logically be concluded that receiver MA” is the 
better of the two with respect to intermodulation, 
ether things being equal.

In the practical use of curves of this type to 
predict intermodulation characteristics for a par- 
t cular receiver or to compare receivers in this re- 
soect, a consideration of the close-in slopes and 
asymptotic levels is generally sufficient. These are

March 16, 1960

\f - fQ - fo (kc/sec)

Fig. 2. Receiver intermodulation for 6 db (S-{-N)/N ratio for an am receiver tuned to f0 = 10.000 me.

indicated in Fig. 3 by dashed lines. It is necessary 
to measure only three points on each curve to 
adequately define its slope and asymptote. For ex­
ample, the slopes and asymptotes of the second- 
and third-order curves of Fig. 2 could have been 
defined by points measured at Af = ±500 kc, and 
±4000 kc.

It has also been found that the intermodulation 
characteristics of a particular receiver vary little 
over a wide range of tuned frequencies. Thus, if 
the characteristics of a set as measured at a tuned 
frequency of, say, 10 me, these data may be ap­
plied to estimate the characteristics from perhaps 
5 to 20 me with good accuracy.

The single set of curves obtained for equal in­
terfering signal levels can also be used to estimate 
the effect of unequal signal levels. A second-order 

Fig. 3. Comparison between intermodulation characteristics of two different receivers.

intermodulation product is produced almost en­
tirely by the second-order or square-law non­
linearity of the vacuum tube, or tubes, in which it 
is generated. (Higher even orders of nonlinearity 
also make contributions, but these are usually 
negligible.) Similarly, third-order intermodulation 
is contributed mainly by the third-order non­
linearity, although negligible contributions are 
made by higher odd-order nonlinearities. There-
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Fig. 4. Nomograms offer a rapid and simple solution to intermodulation prediction problems. Power scales 
as well as voltage scales are included to further decrease calculation time.
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well experimentally, except in exceptional cases 
where one of the interfering signals is strong 
enough to cause desensitization of the receiver, 
or otherwise change the operating point of the 
stage, or stages, in which the intermodulation is 
generated.

It is a simple matter to use an extrapolation 
technique based on these equations. The nomo­
graphs of Fig. 4 are a graphical representation of 
the equations and are a convenient aid in apply­
ing them. Power scales as well as voltage scales

are included on the nomographs for convenient 
reference and use. The two sets of scales are di 
rectly compatible if the impedance level is 50 
ohms.

This illustration 
shows the unusual 
“lay-down” method as 
used by Electro Instruments 
in their digital multimeter.

Practical Examples
The following numerical example is an illustra 

tion of one possible use of the nomographs. Sup 
pose that it is desired to receive a signal at 11.42C 
me whose estimated mean signal strength i 
100 pv. Assume that Fig. 2 represents the maxi

ance is not measurable. The Wee Pot can 
meet MIL-E-5272A.

Engineers Specify Wee Pot® 
For Their Numerous Applications
The Handley Wee Pot®, because of its mounting flexi­
bility, unusual configuration and long leads, can be 
mounted in many ways...laid down, vertical, or even “sus­
pended” above the board*. Furthermore, exacting engi­
neers like Wee Pot’s extreme accuracy, low impedance, and 
freedom from back-lash. Under 900 KC, inductive react-

UNIQUE

POTENTIOMETER

The
Wee Pot

Is Also 
Stackable1

TEMPERATURE Wee Pot's temperature range is 
from “55 to 140 C with (13) watts at 40 C.
SHOCK Wee Pot withstands 50 G's meeting MIL 
202 . . exceeding NAS 710 proc. Ill
VIBRATION Wee Pot takes 30 G's at 11 milli
seconds duration exceeding MIL R 19
ACCELERATION The Wee Pot withstands 100
G's at 11 milliseconds duration exceeding MIL R 19

POTENTIOMETERS
2030 Colorado Avenue. Santa Monica. California
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20G 
750G

STRIKING VOLTAGE 
(Total Darkness) 125 v max.

STABILIZED VOLTAGE 
85 v + 2 v

33 University Road 
Cambridge 38, Massachusetts
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INCREMENTAL 
RESISTANCE

<1000 ii max.

CURRENT RANGE 
^00 gA to 5.0 mA

For both military and commercial applications which demand a rugged 
miniature voltage reference tube, the GD85WR-S cannot be matched.This 
tube has been designed specifically to serve under extreme conditions 
where standard types fail. It comes to you from BAI RD-ATOMIC, INC., 
suppliers of world-famous DEKATRON^nd DIGITRON cold cathode 

counting tubes.

TECH TALK
TEMPERATURE RANGE

-60°C to +85’C

num tolerable amount of intermodulation inter- I 
erence to a desired signal of 100 pv level, at a 
eceiver tuned frequency 10.000 mc. (This set of 
lata is sufficiently accurate since the tuned fre- 
(uency of interest is close to 10 mc.) Now suppose 
hat a strong nearby transmitter operating at 
23.140 mc supplies a 200,000 pv signal into the re­
ceiving antenna.

The problem is to determine (1) the frequen­
cies of signals in the range below 30 mc which, 
when combined with the strong local signal, 
would produce second- and third-order inter­
modulation products at 11.420 me; and (2) the 
level of each of these signals that would produce 
the maximum tolerable amount of intermodula­
tion interference.

To solve the problem, first consider second- 
order intermodulation. Substituting f0 = 11.420 
mc and fh = 23.140 mc into Eq. 2, fa = 11.720 mc. 
The next step is to use the graph to find the equal­
signal level that produces the specified amount of 
intermodulation. For fa = 11.720 mc, &f = fa — f0 
= 300 kc. The curve shows the level for this value 
of A/ to be 1400 pv. Now, referring to the first 
nomograph of Fig. 4, line up with the points Ei, = 
200,000 pv and Ea = Eb = 1400 pv, and find the 
third point to be Ea = 10 pv.

Proceeding through the same steps for third- 
order intermodulation, it is found that (1) f0 = 
17.280 mc, (2) Af = fa - f0 = 5860 kc, (3) Ea = 
Eb = 50,000 pv, and (4) Ea = 25,000 pv.

Summarizing the results: (1) when mixed with 
the local signal, a signal of 10 pv at 11.720 mc 
produces the maximum tolerable level of second- 
order intermodulation at f0; (2) a signal at 17.280 
mc of 25,000 pv amplitude produces the maximum 
tolerable level of third-order intermodulation.

The preceding example not only serves the 
purpose of illustrating a technique; it also illus­
trates that intermodulation of a serious nature may 
be caused by a weak signal, even weaker than the 
signal of desired reception, in the presence of a 
strong companion signal. It is therefore apparent 
that intermodulation should be considered in any 
comprehensive study of receiver information. ■ ■
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Prediction Of Transmitter Intermodulation 
From Simple Measurements

The radiated intermodulation spectrum 
from a transmitter, due to another nearby 
transmitter, can be determined before an 
installation is made. By using data from a 
few simple measurements to predict inter­
ference levels, expensive relocation and 
reassignment of transmitters can be 
avoided.

R. N. Bailey and C. E. Blakely 
Georgia Institute of Technology 
Engineering Experiment Station 
Atlanta, Ga.
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THE RADIATED intermodulation spectrum 
from a transmitter, due to another transmitter 

operated in close proximity, is often a severe inter­
ference source. Intermodulation products gener­
ated in a transmitter are a function of circuit 
parameters such as tube characteristics, output 
passband, tube bias, B-plus voltage, and interfer­
ing signal frequency and level.

Accurate prediction of intermodulation product 
amplitude on a theoretical basis would be ex­
tremely difficult since there are many variables 
involved, most of which will vary with trans­
mitter type. However, if intermodulation levels 
for a particular transmitter type are known for a 
few frequency spacings (spacing between the de­
sired signal and the interfering signal) for each 
odd product at two different interfering signal 
levels, constants may be computed or curves con­
structed from which the levels of intermodulation 
products may be determined for any interfering 
signal level. Even-order-products are not consid­
ered since, in general, they are considerably re­
moved from the transmitter passband and neg­
ligibly small in amplitude.

Intermodulation-Product Generation
Mixing and intermodulation may occur in any 

nonlinear device. Power output stages in a trans­
mitter are usually nonlinear devices thereby be­
coming efficient generators of intermodulation 
products. Because of the variation of parameters 
in this stage from transmitter type to transmitter 
type, it is difficult to utilize theoretical considera­
tions alone for IPL (intermodulation-product 
level) prediction. However, experimental measure­
ments have shown that it is feasible to utilize a 
small amount of experimental information to pre­

diet the intermodulation-product frequency and 
IPL with reasonable accuracy.

Types of Intermodulation Products
Intermodulation products of two types may be 

generated within a transmitter output stage. The 
first type, which may be called primary—mix 
intermodulation, is generated by the mixing of 
fundamentals and harmonics of the DS (desired 
signal) and the IS (interfering signal) which al­
ready exist. The second type is produced by the 
mixing of fundamentals and harmonics generated 
within the DS transmitter, or by the mixing of 
harmonics of the DS transmitter and harmonics 
of the IS transmitter both of which are generated 
in the output stage of the DS transmitter.

Either or both of these types may be identified 
by

2
(D

or 

F,=/.+ ±^-- (i.-fO (2)

where fi is the intermodulation product frequency, 
fa is the desired or carried frequency, fa is the IS 
frequency and N is the product order. These 
equations will yield two products for each order, 
one of which is greater in frequency than the DS 
and one which is less in frequency than the de­
sired signal DS.

Intermodulation Measurement
Serious difficulties may be experienced in trans­

mitter intermodulation measurements if the re­

ceiver used has unsatisfactory intermodulation and 
desensitization characteristics. This difficulty is 
less serious if a receiver with a small bandwidth 
and a large dynamic range is used. Even a re­
ceiver of this type may have undesirable char­
acteristics; however, the difficulty may be over­
come by determining the signal level at which 
serious desensitization and/or intermodulation 
occur in the receiver. An attenuator is then used 
at the receiver input to prevent exceeding the 
signal level thus determined. It is then simply a 
matter of adding the attenuation used to the 
measured level of the intermodulation product in 
order to obtain the true intermodulation-product 
level.

In order to use the high value of attenuation 
required, it is necessary to couple a high-level 
signal into the DS transmitter which is sufficient 
to produce high-amplitude intermodulation prod­
ucts.

A block diagram of a test arrangement which 
is convenient to use for these measurements is 
shown in Fig. 1. As previously discussed, the 
equipment used in the setup determines the value 
of coupling used; the IPL generated must be high 
enough so that the dynamic range of the test 
receiver will permit measurements with large at-1 
tenuation in the receiver input line. Tests per­
formed on equipment used in this setup showed 
that essentially no errors were introduced in 
intermodulation measurements when the IS level 
coupled into the DS transmitter was 40 db or less I 
below the desired signal. Greater attenuation, I 
however, resulted in too little attenuation in the I 
receiver signal lead; this caused some error duel 
to receiver desensitization and/or intermodulation I 
within the receiver.
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Fig. 1. Block diagram of test setup for measuring trans 
mitter intermodulation.
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1. 5O-Cycle Models also available with these specifications. 2. Regulation ± 1%. 3. 23O Volt Models not generally stocked.

Experimental results have shown that ampli­
tudes of odd-order intermodulation products bear 
a linear relationship with the IS level when 
plotted on a log-log scale. However, they do not 
bear the same relationship for each transmitter 
type, or for different signal spacings. This is un­
derstandable since the IPL will depend on circuit 
parameters and the output passband.

The average curve of third-order IPL (P/) 
versus interfering signal level (Pi) for different 
transmitter types will have the same slope. That 
is, the third-order product on the low side (where 
fi<fd and fi>fd) has essentially the same slope 
for all transmitter types tested. The third-order 
product curves on the high side (where fi>fd and 
fi>fd) have essentially the same slope for all 
transmitter types tested; however, the slope of the 
low third-order product curve is different from 
the slope of the high third-order product curve.

Unfortunately the fifth, seventh, etc. products 
are not so well behaved. However, in many cases 
the third-order product is the only one of im­
portance since the level of higher order products 
is usually 60 db or more below the desired signal.

The amplitude of odd-order intermodulation 
pi iducts may be described by

where Pt is the intermodulation-product level in 
cB m, Cj is the intermodulation constant in db, 
ar d k is the above mentioned slope. This constant 
k or third-order product on the carrier side is 
us tally equal to 1, and for the third-order prod- 
u(■ on the IS side is usually equal to 2. The value 
of k for highei order products varies appreciably. 

(continued on following page)
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A wide variety of designs with a wide range oi capabilities providing an eco­
nomical and reliable source of constant output voltage. Both PF±3% plate-fila­
ment units and standard ± Vi % models are available.
For special requirements, contact the Raytheon field applications engineer nearest 
you or write to the address below.

" VOLTAGE REGULATING PLATE-FILAMENT TRANSFORMERS

Raytheon also manufactures a com­
plete line of power supplies, ultrasonic 
impact grinders and precision resist­
ance welders.

RAYTHEON COMPANY
87 South Bodford St., Mancheater, N. N

±3%

Modal Catalog Input Average DC Input Filament Windings □¡mansions in Inches Ship, 
wtNo. Voltages Volts to Filter 6.3 Volts 5.0 Volts Style H L W Lbs.

Flato A
Filament

PF-50 100/130 275 V, DC @50 MA 2.5 Amps. CT 2.0 Amps. PF 4'4. 34 3% 5

PF-110 100/130 385 V, DC @110 MA 3.0 Amps. CT 2.0 Amps. PF 4'4. 34 3% 8

PF-250 100/130 380 V, DC @250 MA «1 4.0 Amps. 3.0 Amps.
#2 8.0 Amps, unregulated

PF 7 44 5 19

±1/2% STANDARD VOLTAGE REGULATORS

Model
Catalog 

No.
Output 

Capacity 
Volt-Amps.

Voltagas
Style

Dimensions in Inches Approx. 
Ship. Wt 
in Lbs.L w H

Standard' VR-6110 15 95-130 115 F 64 2^ 3 4

VR-6111 30 95-130 115 E 74 34 44 5
VR-6112 60 95-130 115 E 7’4 34 44.
VR-6113 120 95-130 115 E 7’4 34 5'4. 104
VR-6114 250 95-130 115 E 12’4 5 74 27
VR-6115 500 95-130 115 E 124 5 94 45
VR-6116 1000 95-130 115 H 134. 144. 94 96
VR-6117 2000 95-130 115 H 364 144 104 243

Isolated
Secondary

VR-6931 60 95-130 115 E 74 34 44. 84
VR-6827 120 95-130 115 E 74 34 5'4. 23

Harmonically VHF-6114 250 95-130 115 H 14H. 134« 94 56
(Harmonic 
Content
Less than 3%)

VHF-6115 500 95-130 115 H 14H. 134« 94 85
VHF-6116 1000 95-130 115 H 294 144 104 220

230-Volt 
Output’

VR-6221 30 190-260 230 E 74 34 44 5
VR-6222 60 190-260 230 E 74 34 44. 64
VR-6223 120 190-260 230 E 7'4 34 5*4. 104
VR-6224 250 190-2G0 230 E 124 5 74 27
VR-6225 500 190-260 230 E 124 5 94 45
VR-6226 1000 190-260 230 H 134. 144« 94 96
VR-6227 2000 190-260 230 H 364 144 104 243

Filament VR-6101 30 95-130 6.0/7.5 E 74 34 44 5
VR-61F0 15 95-130 6.3 F 54 24 4% 64
VR-61D0* 15 100-130 6.3 D 34i 24 4'4. 54
VR-6710 25 95-130 6.0 W 74 34 34 4



INTERFERING SIGNAL. LEVEL

Fig. 3. (below) Intermodulation product level vs 
interfering signal level (third order high).

Using k thus calculated, Ci may be determined 
by using the relationship

ELECTRONIC DESIGN • March 16, 1960

Since Ci and k vary for each transmitter type 
and for each signal spacing, useful prediction of 
IPL requires the evaluation of these constants for 
each transmitter at each signal spacing likely to 
be encountered in their operation. Evaluation of k 
requires the measurement of the IPL for at least 
two known interfering signal levels for each signal 
spacing. The value of k is then determined by 
using the following equation

transmitter legend 
o A] JOO kc SPACING 
V A, 1.0 k. SPACING 
• A, 500 kc SPACING 
i A, 1.0« SPACING 
▼ C( 2.25 me SPACING 
A Cj 2.25 «k SPACING

»Ju S* JRDF" LOW 
S* ORDER HIGH

TRANSMITTER LEGEND 
O A, 500 ic SPACING 
7 A| I 0 me SPACING.
• A J 500 kc SPACING A 8, 100 kc SPACING 
a B, 500 kc SPACING 
" I, 1.0 me SPACING 
n C| 5.25 rnc SPACING 
V C( 2.25 me SPACING
• C, 2 25 me SPACING

Average k for 3rd Order Low — 1.02
Average k for 3rd Order High ■■ 1.96

C, = (P,)t - k (Pih. (5)

These constants may then be used to determine 
the IPL with any IS level for the particular signal 
spacing associated with them.

Calculated values of constants associated with 
several different transmitter types for various

INTERFERING SIGNAL LEVEL

V C| 2.25 me SPACING
• C, 2.25 me SPACING

• A J 500 kc SPACING A Aj 1.0 me SPACING 
A B, IOC kc SPACING 
o B । 500 kc SPACING

Fig. 2. (left) Intermodulation 
product level vs interfering 
signal level (third order low).

Fig. 4. (left) Intermodulation product level vs in 
terfering signal level (fifth order).

Table 1. Typical values of transmitter intermodulation constants

Transmitter
Pi P_

Spacing

Third Order 
Low

Third Order 
High

Fifth Order 
Low

Fifth Order 
High

(dbm) (dbm) G_ 
(db)

k c, 
(db)

k c, 
(db)

k Ci 
(db)

k

10 me
A2 59.5 26.5 500 kc -7 1.0 —49.3 1.5 —68.8 2.07 — —
A? 59.5 19.5 500 kc — 7 1.0 -49.3 1.5 -68 8 2.07 —
A 59.5 29.0 1000 kc —6.5 1.0 -73.1 2.16
Ai 59 5 19.5 1000 kc -6.5 1.0 -73.1 2.16
Bi 56.6 34.5 100 kc -15.2 1.03 -70.0 2.13
Bi 57.9 18.0 100 kc -15.2 1.03 —70.0 2.13
Bi 59.0 39.3 500 kc — 31.1 0.965 —90.4 2.08
Bi 57.8 22.5 500 kc -31.1 0.965 -90.4 2.08
Bi 56.8 39.5 1000 kc -43.5 1.0 ——
Bi 57.8 22.7 1000 kc -43.5 1.0 — —— ——-

161 me
Ci 43.7 23.9 2.25 me — 18.2 0.955 -59.0 1.77
Cl 43.7 12.9 2.25 me — 18.2 0.955 -59.0 1.77
c2 43.5 25.9 2.25 me -22.5 1.22 -83.9 2.1
c2 43.5 14.6 2.25 me — 22.5 1.22 —83.9 2.1
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s;nal spacings are shown in Table I. Graphs of 
tl e data, which indicate typical trends, are shown 
in Figs. 2, 3 and 4.

The third-order product on the carrier side, 
that is, the third-order product nearest the carrier, 
is always the highest in level regardless of 
whether the IS is higher or lower in frequency 
than the DS.

Typical Problem
The following example will illustrate the pre­

diction method for a typical transmitter.
Data obtained from tests on transmitter Cy will 

be used in these calculations, where

(Pbi = 23.9, 

(Py^ = 4.6, 

fi = 163.25 me

Then

(P.h = 12.9,

(Pili = -5.9, 

and fd = 161 me

fy= 161 - (3-1)(161 —163.25) = 165.5me (high) 

and

/; = 161 +(3-2)(161-163.25) = 158.75mc (low) 

using Eqs. 1 and 2. These are the third-order 
product frequencies high and low. The intermod­
ulation product levels used in this example are 
third-order low (third order on the DS side).

Eq. 4 gives

= 12^ = 0.995.
23.9-12.9 11

Eq. 5 gives

Cy = 4.6 - 0.995 (23.9) = -18.2.

Now assume an IS of 1-dbm level at 163.25-mc 
frequency, and it is desired to calculate the in­
termodulation-product level. Using Eq. 3

Py = -18.2 4- 0.995 (1) = -17.2 dbm.

Reference to Fig. 2 will show that the value is a 
good approximation of the intermodulation-prod­
uct level. ■ ■
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Part II I-Associated Circuitry
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Diode Peak Inverse Voltage
Inspection of Fig. 1 shows that the peak in­

verse voltage which the diode must withstand 
will simply be the peak forward voltage across 
the thyratron. The current through the diode will

since ZL is zero, and is replaced by Rm.

Zl — Zn 
ep* “ Zl + Z^

given in Part I therefore becomes:

Diode Peak Current
The value of peak current through the clipper

Rm Z \ 
fpz 1 — ? py ~ ~

How to Design a Line-Type Modulator

The preceding articles of this series (ED, Feb. 17 and March 2, 
1960), determined the major components of a line-type modulator, 
given only the microwave power required, pulse width and pulse 
repetition rate. Choice of the clipper diode and the trigger source 
have been left for this final article.

TRIGGER
GENERATOR

CHARGING
CHOKE

SWITCH

TUBE
CLIPPER

DIODE

HOLD-OFF
DIODE

PULSE FORMING
NETWORK

PULSE
TRANSFORMER

THE BASIC modulator is depicted in Fig. la, 
and its equivalent circuit in Fig. lb. The 

presence of an arcing load, such as a magnetron, 
can be represented by the closing of switch S2. 
When this takes place, a severe mismatch occurs 
between the load and the pulse-forming network 
(PFN). This mismatch results in the application 
of a large amount of inverse voltage to the thy­
ratron and PFN (dotted line in Fig. lc).

Because the process is cumulative1, if no means 
exists to remove this inverse voltage, the final 
network voltage may be as high as seven times 
the power supply voltage. Voltage breakdown 
of the PFN, charging choke, pulse transformer 
and hydrogen thyratron can be the consequences 
of an unprotected line-type modulator. This is 
obviously a situation that should be avoided by 
the inclusion of a circuit designed to discharge 
the inverse voltage left across the PFN after a 

short-circuit in the load. The clipper- or shunt­
diode circuit performs this function.

Only vacuum diodes are considered here, al­
though other methods have been proposed2. The 
analysis of M. H. Zinn3 is used as a basis in find­
ing a suitable diode. We shall continue the ex­
ample begun in Part I, ED Feb. 17, 1960, p 42, 
for illustrative purposes.

Four factors are pointed out in Mr. Zinn’s re­
port as important in the choice of a diode for 
clipper service:

1—Peak inverse voltage
2—Peak current (under shorted load conditions)
3—Plate dissipation
4—Rms cathode current

depend in part upon the diode resistance Rt, in 
part upon the series resistance Rt, and in part 
upon the inverse voltage epxlf which the diode 
sees as forward voltage. The peak inverse voltage 
in turn, will depend upon the degree of mismatch 
between the PFN and the load. In the event that 
the load arcs during operation, the PFN must 
dissipate all its energy in the equivalent internal 
impedance Rm, of the modulator switch tube, and 
the stray circuit resistance. The relation (7),

106 ELECTRONIC DESIGN • March 16, 1960
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Fig. 2. Use this chart to find the limiting value of mismatch ratio (k) 
knowing the number of discharge pulses (n).
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SHUNT
OR 1 PULSE :

CLIPPER I TRANSFORMER 1
DIODE I MBB «Mt MB MB OT*'

PULSE FORMING 
NETWORK
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CHARGING CHOKE DIODE

c) WAVEFORM AT POINT®

Fig. 1. Basic modulator circuit and its waveforms.
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Fig. 3. Current-voltage character 
istics of type 589 clipper diode.

:tion

diode idit, for the first applied pulse can be ex­
pressed by the relation:

idi = Cpxl
(2)

t, in 
part 
iode 
tage 
atch 
that 
oust 
rnal 
and

where Rt must be determined for the particular 
tube used. The value of idi must be calculated 
for the worst, or arcing, condition.

The first step consists of finding a limiting 
value of clipper diode mismatch factor k, where

(3)

(5)

for this case:

(ä. + Rt)

•per fThe subscript “d” refers to “diode”. Zinn’s notation is in.
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Further, if the switch tube impedance Rm, is 
taken as one ohm, from Eq. 1,

(R. 4" Rt)ma* = —— zN - ZL 
1 - k

k = _
(R» 4* Rt) + Zl + Zn

e , = 2.8 —-----— = 2 7 kv.
1.0 + 55

1 4“ 0.93 __ n - - , ma* = ------------  5o — 0 = 1.0 K.
1 - 0.93

n -------- --------- = 29
20 (0.00175)

From Fig. 2, the value of k, for n equal to 29 is 
found to be 0.93, and since:

This will determine the maximum value of (Ra 4“ 
Rt) for the clipper diode circuit, and an approx­
imate value of clipper diode peak current idi 
necessary for a choice of tube.

A limiting value of k may be found by assum­
ing that the network is to be discharged through 
the clipper diode circuit, to a value of l/3e of 
epn, in a time corresponding to 1/20 of the pulse 
repetition period. Since this discharge occurs in 
discrete pulse steps of duration tp, the number

of steps required to discharge the PFN is

11 1n tp --------- , or
20 prr

(4)

1 
n --------
20 du

In the example, since du = 0.00175 

Under these conditions, the peak current that the 
clipper diode passes is therefore:

2,700 . _
Ui = ---------- ------------  = 1.7 amp 

1,500 4- 0 4- 55
from Eq. 2.

A diode that is capable of passing at least twice 
this amount of peak current, and withstanding 
the peak forward voltage epy (which will appear 
as inverse voltage across the diode), may be 
chosen. The current rating should be twice that 
based upon the inverse voltage epx\. This is be­
cause the so-called “inductive spike” is thought 
to be due to excessive inductance in the first sec­
tion of the PFN4, and is a significant contributor 
to hydrogen thyratron plate dissipation.

Selecting a Diode Type
From these approximate ratings of the diode 

required, the 589 diode might be chosen. Its peak 
current-peak voltage characteristics are shown in 
Fig. 3. By limiting the current through the clipper 
diode to 3 amp under the worst condition (Zl = 
0), a factor of safety of 5 amp will be available 
to take care of the “inductive spike.” This fol­
lows because the 589 can safely pass a peak cur-
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= 0.88 to du = 0.00175 will suffice: it will inter-

-------U.0001
du1

DUTY CYCLE

Zv = 55 ohms
Rt = 565 ohms

Lpxi — €di

R =

2,700 - 850R = = 620 ohms

IRt =

10.000-----

REFERENCE
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<CURRENT RATIO
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. i . ) (du1) 
di 5/21 - k

850 280 ohmsRt =
3

k = = 0.88

RMS _
•d'

Fig. 4. Use this nomograph to determine average diode
current (ld ), knowing k, du and 1^.

rent of 8 amp. Choosing to be 3 amp, from
Fig. 3, the value of edl will be 850
resistance Rt, will be:

The load line for the diode, from Fig. 3

Since arcing conditions are implied from Eq. 7:

The designer may wish to adjust Rg slightly,
to conform to commercially-available values. This

= (e

(PLATE DISSIPATION) Fig. 6. Use this nomograph to determine
Fig. 5. Use this nomograph to determine plate dissipation

will require redrawing the load line R in Fig. 3,
picking off new values of idi, edli and recalculat­
ing Rt. This step will be omitted for simplicity s
sake, and 565 ohms will be used for Rg.

Plate Dissipation, RMS Current
The next step consists of recomputing the value

of clipper diode mismatch factor, using Eq. 3,
based upon the circuit constants determined
above. The remainder of the diode operating con-
ditions may then be found: I'd, using Fig. 4; the
plate dissipation Pp, using Fig. 5; and the ratio

of ldrmt to I d, using Fig. 6.

In our example, we have:

Zl = 0 (arcing condition)

Rt = 280 ohms

so that,

t>6o 4- 280 4- 0 — 55
565 4- 280 4- 0 4- 55

Fig. 6 follows the general rules for using nomo­
graphs. Figs. 4 and 5 are three-variable nomo-
graphs requiring two lines. One line drawn from

the outermost scales will determine a point on
the reference axis. The second line drawn
through this point to a value upon one of the in-
nermost scales will intersect the other innermost
scale at the value sought.

In Fig. 4, a line is drawn from k = 0.88 to du'

intersection of the first line with the reference
axis, to idi = 3 0 amp. The value of Td is there­
fore 29 matt- In Fig. 5, the value of edi x idi must
be computed, and is 2550 w. As before, du' =
0.00175 and k = 0.88. The reader may verify that
the plate dissipation of the clipper diode Pp, is
now 16 w. In Fig. 6, a single line drawn from k

sect the lamu/I a axis at 8.0. The rms clipper diode
current ldrm8, is therefore 230 ma.

This represents the worst condition, continuous arcing
of the load (i.e. du' = du ). Ordinarily, du' is based upon
the arcing characteristics of the load, and is much smaller
than the operating duty cycle, du.
U'd is used to compute the value of Idrm, and should not
be confused with the Average Current Id. The latter may
be computed with the formula: Id = (du')/2Z.v, but
is not of primary importance in the choice of the clipper
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Comparison of the above data with the manu- 
lacturer’s ratings in Table 1, shows that the 589 
diode is operating well within its ratings if it is 
iquid cooled. If a value of k equal to 0.93 is used, 
corresponding to the limiting case, where (R, 
+ Rt) = 1.5 k, the reader may verify that I ¿mt 
— 165 ma.

rms

t on 
awn 
e in­
most

Higher Powered Circuits
The clipper diode protective circuit has been 

determined with deceptive ease for our modu­
lator example. The reader should be forewarned 
that clipper diode circuits for the higher-powered 
modulators result in unusual demands upon clip­
per diode performance.

For example, a modulator requiring an epv of 
20 kv, and operating at a duty cycle of 0.0005 will 
have a limiting k of 0.98, and an (R, + Rt) max of 
2.5 K. Under arcing conditions, with Zv equal to 
25 ohms, epxl approximates 20 kv so that the peak 
current the diode must pass is at least 79 amp, ne­
glecting the factor of safety for the “inductive 
spike” contributions. Since this modulator is in 
the medium-power range, and the higher powered 
modulators require clipper diode currents of 200 
amp, one can see the reason for employing gas 
tubes as clipper diodes.

If the arcing characteristics of the load are 
known, a lower value of du' may be specified, 
thereby easing the requirements for plate dissipa­
tion and rms current for the tube chosen. If this is 
done, however, it would be wise to protect the 
clipper diode itself, by the use of a thermal relay 
that would be placed in series with the diode cir­
cuit, and would remove high voltage from the 
modulator upon excessive arcing.

) du' 
i the 
enee 
bere- 
must 
i' = 
that

V is 
3m k 
nter- 
liode

Trigger Generator
Although the major components and associated 

circuitry have been determined, it is important 
that the trigger generator requirements receive 
careful consideration. No attempt will be made to 
specify the design of the trigger generator in de­
tail, since this will depend upon the particular op­
erating conditions of the modulator switch tube.

The MIL-E-1C specifications for the 3C45 hy­
drogen thyratron read as follows with respect to 
the trigger ; 

“Note 
socket 
^99 ~ 

(max),

source:
3: Driver pulse, measured at tube 

: with thyratron grid disconnected:
175 v(min), time of rise = 0.5 psec 

, grid pulse duration = 2.0 psec
ircing 
upon 

nailer

Id not 
r may 
n, but 
¡lipper

(min), Impedance of Drive Circuits = 1500 
ohms (max).”

he rise time of the trigger pulse is arbitrarily de- 
i ned as the time between the 26 per cent and 
70.7 per cent points on the leading edge of the 
pulse, when the trigger generator is unloaded.

he pulse width is taken at the 70.7 per cent level 
cf the trigger pulse, when the trigger generator

TABLE UM

Calculated 
Value

Manufacturer's Data 
Type 589 Diode

Liquid 
Cooled

Radiation 
Cooled

Inverse
Voltage 2.7 kv 10 kv 10 kv

Peak
Current 3.0 a 8.0 a 8.0 a

Rms 
Current 230 ma 300 ma 1 50 ma

is loaded by its characteristic impedance. The 
drive circuit impedance may be measured by 
placing a variable resistor having good frequency 
characteristics across the ouput of the trigger gen­
erator, and varying it until the peak pulse voltage, 
as measured across the resistance, is half the open­
circuit peak pulse voltage. The resistance value of 
the variable resistor will then be equal to the 
output impedance of the drive circuit.

The values given in the MIL-E-1C specifications 
are the limiting values permissible. There are 
great advantages in providing a trigger source 
well-within these values. For example, a high 
rate-of-rise trigger pulse will do much towards de­
creasing the time jitter and anode delay time of 
the switch tube, as will a low drive circuit-imped­
ance. Two precautions must be noted, however. 
First, the trigger pulse width must not be too 
great, otherwise the thyratron will not de-ionize. 
Second, excessive grid dissipation must be avoided 
for the same reason.

It may be assumed that the application of the 
modulator dictates good stability. For the 3C45, 
a peak trigger voltage egy, of 250 v, having an 0.1 
psec rise time, and a loaded pulse width of 2.5 
psec, out of a driver having an output impedance 
of 500 ohms will suffice. ■ ■
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The 11-T Series operates on the 
rherm-O-Disc free bimetal disc principle 

to proxide a “snap action" of the 
contacts. Temperature calibration is 

factory preset and non-adjustable. This 
new series is designed for both single 

pole single throw and single pole 
double throw operation. Available with 

normally open or normally closed 
contacts. Surface or watertight 

mountings. Enclosed or exposed 
bimetal discs. Your choice of 

inclined blade, vertical blade or 
screw terminals.

minimum production order 
quantity accepted—25

a new

series 
thermostat

*n-T

write for free bulletin

THERM-O-DISC, Incorporated 
MANSFIELD, OHIO

designed for 
dependability, efficiency 

and economy • • • in a minimum of 
space

for operating temperatures up to 350’ F. 
UNDERWRITERS' LABORATORY RATINGS 

(basis 100,000 cycles — max. temp. 350* F.)

Resistive Inductive Load: PilotHeater 10 Amps, full load @ 120 VAC DutV;
Load: 60 Amps, locked rotor @120 VAC

6000 Watts, 5 Amps, full load @ 240 VAC 125 Volt
240 VAC 30 Amps, locked rotor @ 240 VAC Amps,

3000 Watts, Recommended Direct Current Ratings 120/240
120 VAC 1 Amp, 125 VDC 12 Amps, 30 VDC VAC

«MerdbuegooMe wH Aben» O Dite Type £ Stri— ri—Mt
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Design Miniature Ovens

With Close Temperature Control
Frank J. Cheli 
Bulova Watch Co. 
Woodside, N. Y.

In designing small ovens, most engi­
neers depend on a hit-and-miss procedure. 
According to Frank Cheli, this most often 
results in a "direct miss.” Close tempera­
ture control requires careful design.

DESIGNING a temperature controlled oven in­
volves construction of a prototype that meets 

physical specifications, testing, modifying, and 
retesting until performance is satisfactory.

Application of the methods suggested here will 
facilitate the design of lower cost, longer lived, 
and more closely controlled ovens. Although the 
ovens described are used for quartz crystals, they 
may also be used for other applications, such as 
maintaining transistors at a constant temperature 
■when high stability is required.

Factors Affecting Oven Accuracy

Designing a miniature oven for one degree con­
trol is no great problem under static ambient and 
load conditions, but the problem becomes much 
more difficult when the ambient range is spread 
over 135 deg C, as in military applications. The de­
sign problem is further complicated by the small 
mass and size required in such units. The small 
mass provides little heat storage, consequently 
little smoothing of small change in heat balance.

Compared with larger heated systems, small 
ovens respond more readily, and with larger vari­
ations, to such factors as imbalance between heat 
input and heat demand, non-uniform heat dis­
tribution, localized heat losses, and speed of 
thermostat response.

1)0

Because of this thermal hypersensitivity, de­
tails of design and construction, selection and 
placement of components, the types of materials 
used, and even the method of testing the oven 
have a critical effect on control accuracy.

A well designed oven must have adequate heat 
input, uniform heat distribution, rapid controller 
response, and minimum heat transfer between 
the system and its surroundings. To accomplish 
these objectives the designer must take into ac­
count the size and placement of the heat source, 
the mass, shape and materials, type and place­
ment of the thermostat, and type, quantity7 and 
placement of insulation and thermal buffers.

Designing the Heat Source

The oven heater is usually made of Nichrome 
wire with a triple layer of silicone-glass insula­
tion. It is wound in a single layer, if possible, to 
prevent abrasion of the insulation due to contrac­
tion and expansion.

The wire is wrapped around the oven shell, or 
around the crystal holder, in such fashion as to 
cover as much of the surface as possible. This is 
to provide uniform heat distribution. Further, the 
heater is wrapped directly onto the metal surface 
to assure rapid hea^ transfer into the oven, and 
to minimize wasted heat.

Since the coil develops heat along its entire 
length, it is extremely important that the ‘tail 
leads from the heater be in contact with the heat 
dissipating mass. If the leads are connected to the 
terminals across an air gap they may overheat and 
bum out.

The heat source must do two jobs. First, it must 
bring the oven up to control temperature within 
a specified time interval after a cold start. Second, 
it must supply heat for maintaining the oven at a 
specified temperature after initial warm-up.

The minimum wattage is that required to con­
trol the oven at the lowest ambient temperature 
specified. Determining this wattage requires some 
cut-and-try, since it is affected by the individual 
oven design, but the usual range is ten to twenty 
watts. The heater must be designed 10 to 20% 
larger than the bare minimum so that the heater 
will not be on continuously at low temperatures.

The heater should not be too large, since tem­
perature control becomes more difficult as the 
heater wattage increases with respect to the 
thermal mass of the oven. During cooling, after 
current is cut off, the heater continues to add heat 
to the system. If the heater is too large for the 
mass of the system, repeated temperature over­
shoots will occur.

This effect is particularly troublesome if the
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Fig. 1. Two concentric metal rings conduct heat from 
the coils on the outside of the cylinder. Heat is dis­
tributed uniformly among the 15 radially-arranged crys­
tals. The oven is closed by the cap at right and the 
entire unit housed in the can at left.

ambient temperature is almost as high as the con­
trol temperature, because the excess heat cannot 
be dissipated rapidly. Minimizing heater capacity 
further improves control by decreasing the cur­
rent (and thus the amount of internal heating) in 
the thermostat. Internal heating of the thermo­
stat impairs its sensitivity by adding to the amount 
of heat it “sees.” Excessive heater wattages also 
shorten the life of the thermostat contacts.

If the mass of the oven is high, considerably 
more heat is required for warm-up than for main­
taining the control temperature after warm-up. 
The temperature control circuit must provide 
maximum heat for rapid warm-up, then reduce 
heat for normal operation.

A convenient method is to use two normally- 
closed thermostats controlling a tapped heater 
coil. One thermostat, set at the control tempera­
ture, is connected in series with the full heater 
and supplies heat for normal operation. The sec- 
ond thermostat, set about ten degrees below the 
control temperature, is in series with a shorter 
length of the heater coil, thus providing the in­
creased wattage required for warm-up.

In an oven requiring 20 watts for control, and 
< 5 watts to achieve a three minute warmup, the 
control thermostat is in series with the entire 
length of the soil, and the warm-up thermostat

ELECTRONIC DESIGN • March 16, 1960

BENDIX CAPACITORS COVER A FULL TEMPERATURE SPECTRUM
ALL FEATURE THESE IMPORTANT ADVANTAGES:

Environmental resistance 
No voltage derating

Wide voltage range High I. R.
Solid imprégnants Wound mica

Under 125°C.—Specials
• Size and weight reductions at high 
voltages • Drift—.25% capacitance 
change typical from —55°C. to 
+ 125°C. • High I. R. —1500 
megohm X microfarads typical at 
125 °C. • Solid impregnants—no 
liquid leakage.

125°C. to 200°C.—Available soon 
. .001 to 6.0 mfd., 200 V to 3 KV, 
specials to 10 KV. • Molded and 
metal housed; tubular and rectangu-

lar • Size and weight reduction— 
over plastic film and stacked mica 
types, particularly at high voltages 
• Drift—1% capacitance change 
typical from —55 C. to +200°C. 
• High I. R.—50 megohm X micro­
farads typical at 200°C. • Proved 
in 4 years’ usage.

200°C. to 315°C.—In production
• .05 to 4.0 uf, 600 V and up • Drift— 
3% capacitance change typical from

For full details, write: 

Scintilla Division 
Sidney, New York

CIRCLE 95 ON READER-SERVICE

AVIATION CORPORATION

Radiation resistant 
papers Exceptional stability

-55 C. to +315°C. • High I. R.— 
10 megohm X microfarads typical 
at 315°C. • Nothing smaller at 
315°C.
315°C. to400°C.—In development 
• .001 to 6.0 uf, 150 V and 600 V 
• Drift—5% capacitance change 
typical from —55°C. to +426°C. 
• High I. R.—1 megohm X micro­
farad typical at 400°C. • Prototype
availability « 
materials used.

Only inorganic
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taps the coil at a point 3/7 of its length.
When the wattage differential between control 

and warm-up is small, special heater wire having 
a large positive temperature coefficient may be 
used. The resistance increase with rising temper­
ature automatically reduces heater output as the 
oven approaches control temperature, permitting 
the circuit to be controlled by one thermostat set 
at the control temperature.

A
&

the oven, rather than to the air. or insulation 
having poor heat transfer properties. To assure 
good permanent thermal contact, the thermostat 
should be secured by tabs formed from the metal 
part, or soldered in place.

The problems of sparking and radio interfer 
ence can be reduced by wiring a capacitor in 
series with a resistor across the contacts. Reduc­
tion of sparking also extends contact life.

Distributing the Heat Uniformly

Since the oven is enclosed, very little air cir­
culation can occur. Every design technique must 
be used to achieve uniform heat distribution and 
minimize thermal lag. Winding the heater around 
the largest possible amount of oven surface is 
essential to uniform heat dispersion. A cylindrical 
oven is preferable because it has no comers to 
form thermal deadspots. Aluminum, copper, silver, 
and their alloys have high thermal conductivity 
and low specific heat. Their use permits minimiz­
ing thermal lags and temperature gradients.

Conducting devices can improve heat distribu­
tion and minimize gradients among components 
in the oven. In the oven shown in Fig. 1, which 
contains 15 crystals in a radial arrangement, the 
conducting device is a pair of concentric beryl­
lium-copper rings. The crystal cartridges are be­
tween the two rings, and in intimate contact with 
them.

The rings provide a thermal conducting path 
between crystals, reducing temperature variations 
from crystal to crystal. Arranging the cartridges in 
an evenly spaced circle also helps distribute the 
heat uniformly among them.

Increasing the mass within an oven provides 
“thermal inertia,*' making the oven less sensitive 
to transient effects, and buffering the internal tem­
perature against rapid change. If the mass is made 
too large however, the system’s recovery from 
falling temperature is slowed, larger heaters are 
required and, of course, the weight increase may 
be undesirable.

In the oven shown in Fig. 2, thermal inertia is 
provided by the half pound brass chassis on

Fig. 2. Brass chassis provides thermal inertia to con­
trol crystal temperature closely.

Fig. 3. These tiny Fenwal Thermoswitches can control 
to within 1/2 deg C.

which 11 crystals are mounted. This unusually 
massive chassis serves as a heat reservoir, buffer­
ing against abrupt temperature changes.

Controlling the Temperature

An oven thermostat must have rapid response, 
minimum size, and low7 mass to minimize its own 
thermal inertia. Additionally, it must have high 
sensitivity to small temperature changes. The 
thermostat must operate reliably under the wide 
range of physical conditions to which the oven 
is subjected and should be hermetically sealed to 
prevent contact contamination and sticking.

A typical oven control, shown in Fig. 3, is the 
Thermoswitch0. This 1/4 ounce, hermetically 
sealed unit requiring less than 0.14 cubic inch of 
mounting space, can control within 0.5 deg C 
provided good design procedures are followed.

One of these thermostats installed in a produc­
tion oven, and tested under field conditions, has 
operated for 1.5 million cycles and is still main­
taining the temperature within specified toler­
ances.

For close control the thermostat must be lo­
cated where it can respond to temperature change 
as soon as it occurs. The most desirable location 
is between the heater and the crystal, and as 
close as possible to both (Fig. 4). Proximity of 
the thermostat to the heater increases the cycling 
frequency, improving control by adding heat in 
short bursts which minimize overshoot.

If the electrical load is kept small, frequent 
cycling does not appreciably reduce contact life. 
Proximity of the thermostat to the crystal permits 
close sensing of the crystal temperature. When 
this is impractical the control may be placed adja­
cent to the heat sink, where heat loss to the sur­
roundings is most rapid (Fig. 5), enabling it to 
follow7 cooling tendencies before the oven tem­
perature drops excessively.

Regardless of location, the thermostat must be 
in intimate contact with some metal part of the 
oven. Close control is possible only if the thermo­
stat can respond to the temperature of a mass in

“Fenwal Inc., Ashland, Mass.

Preventing Heat Loss

The final step in the design of a w7ell controlled 
oven is the measure to conserve heat. The object 
is to deliver all the wattage produced by the 
heater to the oven, and this implies as little loss 
as possible to the surroundings. Conservation of 
heat minimizes heater capacity, reducing the 
magnitude of temperature cycling in the oven.

The derices for preventing heat loss are dead 
air gaps and bright reflecting surfaces. In ovens 
with an inner and outer shell, the air space be­
tween shells provides a good thermal barrier. 
Bright plating on the surfaces of the outer shell re­
flects escaping heat back into the oven, and re­
flects away external ambient heat at elevated 
temperatures. All openings must be closed with 
silicone rubber gaskets, plastic spacers, or fiber 
glass insulation.

The oven should be checked to determine the 
best amount and placement of insulation. Insu­
lating materials must not be used indiscriminately. 
This involves some cut-and-try. For example, in­
sulation absorbs heat, and thus can reduce effi­
ciency.

Over-insulation in relation to heater wattage
I 
a
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Ü
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Fig. 4. Packing crystal, heater, and thermostat as close 
together as possible yields optimum control. In this 
assembly, each crystal is enclosed in its own separate 
heater with a thermostat mounted directly above and 
in intimate contact with the heater.
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Fig. 5. If the control cannot be placed close to the 
crystal and heater, it should be mounted on a large 
mass in the oven. The mirror shows the control mounted 
on the base of the oven where it will respond quickly 
to cooling tendencies.
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can cause the oven to overshoot. Burying the 
thermostat under insulation produces a heat 
pocket, raising the thermostat to a higher tem­
perature than actually exists within the oven 
cavity. It is necessary to cut a hole in insulation in 
the vicinity of the control to enable it to respond 
rapidly to the oven temperature.

Testing Oven Performance

Because of many factors that can affect tem­
perature, even between closely-spaced points in 
an oven, special procedures are required to meas­
ure the actual temperature of the crystals or 
other components when the oven is operating. 
Checking the oven wall with a thermocouple 
probe and extrapolating to obtain crystal temper­
ature gives inexact results due to lead losses, 
variations in probe placement, and other factors. 
Other measurement procedures are complex and 
time consuming.

A convenient temperature test uses a thermistor 
sensing probe which duplicates the shape and 
mass of the actual component, and replaces it in 
the oven during test. For example, in crystal 
ovens a dummy crystal cartridge containing the 
thermistor is wired to the existing terminals, and 
measures the temperature right at the crystal. The 
probe signal is transmitted through the existing 
connectors to an external temperature indicator, 
where it is read to 0.1 deg C. Additional probes 
can be installed to indicate the temperature at 
various locations simultaneously.

Use of the thermistor plug-in probes reduces 
oven checking time materially, and gives ex­
tremely accurate results. Employment of these 
techniques has resulted in production ovens with 
closer tolerances, and lower rejection rates. ■ ■ 
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For nearly five years, a group of eight 2000 mfd., 
30 volt Mallory computer grade capacitors taken 
from a standard production lot have been winning 
a "run-to-destruction” test that hasn’t been able 
to destroy them.

Not a single failure has occurred in more than 
40,000 hours’ operation at 65°C. Capacity, equiv­
alent series resistance and DC leakage values, 

MallórY

as indicated on the test chart above, have remained 
virtually unchanged.
Keep this amazing record of reliability in mind 
when you select computer filter capacitors. Mallory 
makes them in ratings from 130,000 mfd., 3 volts 
to 1000 mfd., 400 volts ... in standardized cases 
that facilitate bank mounting. Write for a copy 
of Bulletin 4-34, and for a consultation by one 
of our specialists.



DESIGN FORUM

Liquid Cooling and Simpler Circuits
Shrink Cost of Microwave Oven

COOLING Fl

ESTABLISHED 1920 WATER PIPES
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(A micro­
device for 
of minute

Previously used QK-390 magnetron (upper half of photo), and new QK-707 
magnetron shown assembled within its electromagnet and filter assembly. 
The QK-707 tube and its water pipes are field replaceable.
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The DC power supply illustrated, is only one of many special units 
manufactured by NWL, such as; Air and iron core reactors, large power, 

electronic and pulse transformers, chokes, etc. 
■ach NWL power supply is thoroughly tested and must meet all customer 
requirements before shipment. We shall be pleased to quote you up to 
300 KV and up to 500 KVA, depending on your individual requirements.

This unit is especially designed to produce a high magnetic field 
inside a high compression molding dye for the manufacture of magnetic 

ceramics. The output is 60 volts, 1000 amperes and the ripple is less 
than 5%. Sequence timers and reversing switches, located internally, 

make the output positive or negative to produce magnetizing and 
de magnetizing fields as required. The output is varied over a wide 

range by a saturable core reactor. The intensities of the magnetizing 
and the de-magnetizing fields are controlled 

independently by manual adjustments.

ELECTRO MAi 
LEADS

ANODE CONTACT 
GROUNDED THROUGH
B .---- PLATE
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vide plate regulation without using the 
traditional magnetic amplifier circuit in 
the primary of the plate transformer. Thus 
they used the electromagnet as a series 
field just as old-time radios used the field 
coils of dynamic speakers as power-supply 
filters.

As another important cost-saver, they 
powered the magnetron from raw ac as a

Radarange is a registered trademark of Ray
theon Co. for its microwave oven, 
wave oven has been defined as a 
making millisecond steaks instead 
steaks).

R F FILTER 
-ASSEMBLY___

PART OF SOCKET 
(COVER REMOVED)

IRE. 

SHOW 

BOOTH 

M-13

STARTING with the magnetron and 
redesigning outward, Raytheon engi­

neers lopped $480 off the $2975 price tag 
on their Radarange* Microwave Oven. In 
the face of rising costs of labor and mate­
rials, this was quite an achievement.

At Raytheon s Radarange Dept, in Wal­
tham, Mass., Brone M. Walunas and 
Louis H. Schall were responsible for the 
redesign of the oven. To start, they re­
placed the permanent-magnet type QK- 
390 magnetron with a QK-707 using an 
electromagnet.

By routing the anode current through 
the electromagnet, they were able to pro-

SAY: NO-TEL-FER

NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. ED-3, Trenton, N. J. 

Specialists in Custom-Building 
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ISOLATION 
TRANSFORMER

FILAMENT 
transformer magnetron 
------x  TYPE QK 707

PLATE 
TRANSFORMER

230 VAC 6000 VAC
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THERMAL 
INTERLOCK

PLATE 

TRANSFORMER

Self - contained 
cooling system for 
the QK-707 mag­
netron and the high- 
voltage plate trans­
former.

self-rectifier pulsed at a 60-cycIe rate. This 
eliminated the high-voltage rectifier com­
ponents required with earlier systems 
using de pulsed at 120 cps.

A further change: they cooled the mag­
netron with liquid instead of air. The new 
magnetron has a water jacket and adapt­
ing pipes which replace the air-cooling 
fins formerly used. The heat-exchange 
system, using a 30-per-cent solution of 
ethylene glycol and water, cools the high

Magnetron field and anode 
current circuit showing how the 
electromagnet is used to help 
regulate the plate current. The 
selenium rectifier supply at the 
left powers the electromagnet 
field coil and a relay in a field 
detection system.

MAGNETRON

RESERVOIR

PUMP

——5

RADIATOR

ARROWS INDICATE DIRECTION 
OF COOLING MEDIUM FLOW

voltage plate transformer as well as the 
magnetron.

Comprising a pump, radiator, fan, and 
expansion chamber, the liquid cooling 
system eliminates the noise due to high 
velocity air blowers and increases the 
cooling efficiency. Another advantage of 
the liquid system is that rf filter boxes, 
attached to the coil housing rather than 
to the magnetron, are resusable from mag­
netron to magnetron. ■ ■

naer
than the cable itself!

,__ ____ (B . H J

SUB-MINIATURE
R.F. CONNECTORS

A connector so superior in concept and performance most major manu­
facturers are specifying it.
Mechanically, the ConheX provides a connection stronger than the cable 
itself. Captivated contacts assure proper engagement of mating parts. 
Completely field repairable for true practicability.
Extremely stable and reliable under operational conditions. ConheX offers 
more than any existing connectors of corresponding types, yet they are 
completely interchangeable.
Available in 50, 75 and 93 ohm sizes in a complete range of types. Write 
for complete details on these vastly superior rf subminiature connectors...

The inside story of 
ConheX superiority. 
Positive clamping 
action distributes 
holding action on 
jacket, shield and 
conductor of coax­
ial cable-different, 
and far better.

K 139 HOYT STREET -

WU 8®
TEFLON TERMINALS RF CONNECTORS

MAMARONECK

Brirish Branch: Seaiectro Corporation, 
Hersham Factory Eitate, Lyon Road, 

Wolton-on-Thamej,
Surrey, England.

CORPORATION

VISIT SEALECTRO BOOTH 2922 AT I.R.E. SHOW
CIRCLE 98 ON READER-SERVICE CARD
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RF POWER STANDARDS
LABORATORY

Comb Structure Makes

High-Frequency, High-Power Transistors

S1Z

em

san

CIRCLE 110 ON READER-SERVICE CARD
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Comb structure of 50-mc, 125-w, 10-amp power transistor provides 
long emitter length for high-current flow. Emitter is close 

to base at all points. Wiggly line in photo is not the 
emitter; it is the spacing between the interleaving 

teeth of the base and emitter.
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types 
tured 
10451 
Calif.

PT900 and PT901 are manufac­
hy Pacific Semiconductors, Inc., 
W. Jefferson Blvd., Culver City, 
Hermetically sealed in a welded

for the PT900 is 100 v; for the PT901, 
50 v.

Other maximum ratings: emitter-base 
voltage (VEbo) is 4 v, collector current 
15 amp peak, junction temperature 150 
C, thermal resistance 1 deg C per watt 
and total dissipation 125 w.

TEN-AMP currents can be switched 
through the 0.2-ohm saturation resist­

ance of a new transistor in less than 500 
mpsec. Thanks to an unusual, comb-like 
emitter structure, this triple-diffused, 
npn, mesa transistor has an alpha cutoff 
of 50 me and can dissipate 125 w.

Designed for high-speed, high-power 
switching, the new transistor should find 
wide application in power conversion, 
high-frequency power generation and 
amplification.

First in a new line of triple-diffused, 
high-frequency power transistors, the

Emitter Comb Permits High Currents

Since at high frequencies a transistor 
only functions near the edge of the emit­
ter, a long emitter edge is needed to get 
high currents. Design solution of Mason 
Clark, PSIs head of development, was to 
construct a narrow emitter stripe wiggling 
back and forth. This gave the emitter a 
long edge and brought the base lead 
closer to the emitter at all points. In a 
transistor with a large-area emitter, the 
base is necessarily far from the emittei 
center.

The photos show the comb design. The 
emitter comb is diffused into the silicon: 
to distribute current over the comb, the 
emitter is metalized.

185 N. MAIN STREET, BRISTOL, CONN. 
SUBSIDIARY OF

““equipment is used to establish a refer­
ence standard of RF power to an accuracy of better than 1 % 
of absolute.
THE 64IN CALORIMETRIC WATTMETER establishes RF power 
reference of an accuracy of 1% of value read, and is used to 
calibrate other wattmeters. Five power scales, 0-3, 3-10, 10-30, 
30-100, and 100-300 watte, are incorporated in the wattmeters 
for use in the 0-3000 mcs range.
71 IN and 712N FEED-THROUGH WATTMETERS, after comparison 
with the 64IN, can be used continuously as secondary stand­
ards and over the same frequency range as covered by the 
primary standard. The MODEL 71 IN is a multirange instru­
ment covering power levels from 0 to 300 watte in three ranges, 
0-30, 30-75, and 75-300 watte. MODEL 712N covers power 
levels of 0 to 10 watte in three switch positions, 0-2.5, 2.5-5, 
and 5-10 watte full scale.
636N and 603N RF LOAD RESISTORS absorb incident power 
during measurements. MODEL 636N is rated at 600 watte, 
and MODEL 603N is rated at 20 watte. Both models perform 
satisfactorily over the entire frequency range to 3000 mcs. 
These loads, in conjunction with the MODELS 71 IN and 
712N Feed-through Wattmeters, form excellent absorption type 
Wattmeters.
152N COAXIAL TUNER is used to decrease to 1.000 the residual 
VSWR in a load. The tuner is rated at 100 watte, and its 
frequency range is 500-4000 mcs.
For more information on Tuners, Directional Couplers, R. F. Loads, otc., write

steel case, the transistor structure has a 
threaded copper stud for heat transfer 
to an external heat sink. At a 25 C case 
temperature, maximum collector-base 
voltage (Vcbo) rating for the PT900 is 
140 v; for the PT901, 80 v. Collector­
emitter voltage (VCer) rating at R = 10,
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Innards of a developmental 100-amp, 50-mc 
transistor, showing comb structure and heavy 
duty contacts. This type is not yet available.

Comb structure design. N-type emitter is 
diffused into p-type base, metalized for current 
flow. Transistor has four-layer construction.

A diffusion process was used instead 
of alloying, because with diffusion a high 
degree of uniformity over large areas 
(0.25-in. diam. silicon disk) is possible. 
With alloying, uniformity is difficult to 
obtain. The mesa structure has good high- 
frequency characteristics; and with diffu­
sion techniques both collector and emitter 
resistivity can be controlled in produc­
tion, instead of just the base layer re­
sistivity. Mason Clark adds that the claims 
that alloy junction transistors inherently 
have higher current gain, better carrier 
lifetime and higher emitter efficiency than 
diffused junction units are “erroneous.”

Dislocations Were Problem

Early in the two-and-a-half year old 
research the principal problem was get­
ting materials suitable for the transistors. 
Good silicon—with a small number of 
dislocations (resistivity and lifetime were 
not a problem)—was not available in the 
sizes necessary. Now, materials are “quite 
good,’’ Clark says.

They have to be. “A 100-amp tran­
sistor, for example,” says Clark, “uses 
enough material to make 400 small tran­
sistors. A deformity in the silicon might 
spoil one or two of the small transistors, 
but you’d still have 398 good units. The 
same deformity might ruin the entire 
100-amp transistor.”

It’s not quite that bad, Clark hastens 
to admit. With the large units such high

ELECTRONIC DESIGN • March 16,

currents are being passed that the need 
for microampere reverse leakage is not 
so critical as with smaller units.

100 Amps in Future?
PSI’s 10-amp transistors are the first 

benefit from a research program spon­
sored by the Air Force under a contract 
monitored by the Electronic Technology 
Lab of Wright Air Development Divi­
sion. Goal of the research was to produce 
50-mc, 10-amp, 20-amp, 50-amp and 100- 
amp units. The latter three are still un­
der development.

While capacitances are necessarily 
large—proportional to the area of the 
emitter—with the comb structure, input 
resistance is very low. RC, therefore, 
would be about the same in a 100-amp 
unit as in the 10-amp unit.

Developmental 50-amp units are con­
structed so they can be water cooled: 
50 amp at 50 v gives 2500-w dissipation. 
Hundred-amp units must be force-air 
cooled.

PT900 and PT901 transistors are avail­
able in evaluation quantities for circuit 
design work. Cost is about $150 in lim­
ited quantities.

For further information about these 
50-mc, triple-diffused, npn, mesa, power 
transistors, turn to the Reader-Service 
Card and circle 100.

See the transistors at the IRE Show, 
Booth 2742-2744.
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|| J HIRTEEN

■ ■ NDISPENSABLE

HARACTERISTICS

Your Assurance 
of Superior System 

Performance

PRECISION SERVO
POTENTIOMETERS

HAVE ALL
13 FEATURES

for Precision

1 High Reliability

2 Low Torque

A few of the many applications of 
TIC Precision Servo Potentiometers 

are as input-output transducers 
in servo systems for airborne 

navigation and flight control, fire 
control, fuel control, shipboard gun 
directors, missile aiming and flight 

control, analog computing, air 
traffic control and telemetering.

TIC Precision Servo Potentiometers 
are available in 21 types with 

diameters from LT to 3*» giving 
design engineers a wide range from 

which to select. Included are 
single and multi-turn types with 

either wirewound or infinite 
resolution metallic film resistance, 

elements, as well as types designed 
for ganging without a shaft. 

And TIC Precision Servo 
Potentiometers are engineered to 

withstand the severe environmental 
conditions imposed by military 

equipment operation.

Typ» MFR encapsu 
lated contact patented 
Metlliim, ultra reliable 
Mm life potentiometers

SERVO POTS

3 High Accuracy

4 Low Inertia

5 High Resolution (or 
Infinite in Film Type)

PVR09 (ganged :

6 Wide Resistance
Range

7 Low Phase Shift 
Over Wide 
Frequency Range

Write or call 
for this new catalog 

on the TIC line 
of Preciston 

Potentiometers - 
the most complete 

line on the market.

Type PVR new com 
plete hne of low Torque 
high accuracy perform 
ance proved servo type 
precision potentrome 
lets

8 Low Noise Level

10 Ca" Be Ganged

' 1 Long Life

12 Close Mechanical 
Tolerances

13 Withstand Extreme 
Environmental 
Conditions

Highly Precise Non 
Linear Functions

M10T09

Type M10T09 mult, 
turn 3. 5. IO tu’" 
hrjmy accurate pre 
osion potentiometers

Type CIO 09 10 turn I 

may be ganged

I

ciom

RVBCZ

TypeRVBC? unitized 
construction 'for de 
velupment work

TECHNOLOGY INSTRUMENT CORP
555 MAIN STREET, ACTON, MASS

SUBSIDIARIES: ACTON LABORATORIES. INC., ACTON. MASS. • ALTOMAC CORP.. CANTON. MASS.
TECHNOLOGY INSTRUMENT CORP. OF ARIZONA. TUCSON. ARIZ.

TECHNOLOGY INSTRUMENT CORP. OF ILLINOIS. FRANKLIN PARK, ILL.
TECHNOLOGY INSTRUMENT CORP. OF CALIFORNIA, NEWBURY PARK. CALIF.

CIRCLE 111 ON READER-SERVICE CARD
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Type P I % cw cos’ 
commercial grade P'e 
cision potentiometers
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United

Nuvistor Tube Becomes

118

Free Eyelet Slide Selector helps determine 
which eyelet you need with given grip and 
hole diameter.

ELECTRONIC DESIGN • March 16, 1960

Eyelet does double duty es listener for wind 
shield, bearing for spark wheel. Does both jobs 
well for only a fraction of a cent.

High speed fastening of 2 eyelets simultane­
ously cuts costs on automotive ignition breaker 
point assembly.

nuv 
mcK

JUST plug it in — United Standardized eyelets 
hold wires by rompression on multi-contact 
computer part. Tight hold eliminates soldering 
time and bulk.

Before you say "hello”, eyelets are working 
for you un 'ur most popular method of com­
munication T ry them on a new application — 
perhaps they'll prove as indispensable as your

UNITED SHOE MACHINERY CORPORATION 
Boston 7, Massachusetts

You can avoid the inevitable commercial with 
the T.V. Selector Switch and still enjoy the 
silent utility and performance of eyelets on the 
switch itself

For high altitude or on tne ground, funnel 
flange eyelets provide positive means for mak­
ing reliable thru-connections on two-sided 
printed wiring boards.

T HE NUVISTOR, a thimble-sized electron tube, 
■ is now in commercial production. The tube can 

be used in many diverse applications ranging from 
data processing systems to medical diagnostic 
equipment. Because it has the ability to operate 
at any altitude, it will have important applications 
in miniaturized airborne apparatus and space ve­
hicles.

Made by the Radio Corp, of America, Electron 
Tube Div., Harrison, N. J., the triode is priced at 
$1.96.

The first member of a new family of electron 
tubes embodying the nuvistor design concept is a 
general-purpose, medium-mu triode designated 
RCA-7586. Engineers at RCA have constructed 
several experimental units to test the merits of the 
nuvistor. Typical equipment which has been de­
signed using nuvistors includes a television cam­
era, a decade counter, a very-high-frequency com­
munications receiver for aircraft, police and ama­
teur service, and a wide variety of oscillators and 
amplifiers.

The nuvistor triode takes up l/16th the volume 
and consumes less than one-half the power of its 
arger, present-day counterpart, RCA claims. Spe­

cial construction techniques eliminate the need 
or spot welding, mica spacers and a glass enve- 
ope. Made of ceramic materials, steel, molybde­

num and tungsten, the tube can withstand a high 
degree of shock and vibration.

Douglas A. Smith, vice president and general 
manager of the tube division, detailed the fol­
owing features of the nuvistor triode:

■ Low voltage operation
■ Low heater drain
■ A transconductance of 11.500 micromhos at a 
date voltage and current of 75 v and 10.5 ma.

■ Uniformity of characteristics from tube to tube. 
■ High-input impedance

Eyelets
Lowest Cost 

Fastener
You can buy

BRANCH OFFICISI Chicago, 600 W. Juskton Blvd. • Cleveland, 740 Superior Ave., N.W. • Columbus, 487 S. High St, • Cincinnati, 4^7 Gilbeti Ave. • Dillo«, 1210 Old Gate Lane 
Harrisburg, 20 S Fourth St. • Johnson City, 19 Jennison Ave. • Los Angeles, 1826 S. Hope St. • Milwaukee, 2362 N. Stanley PI. • Nashville, 320 Main St. • New York, 1 W. 16th St 

Philadelphia 2100 Arch St. * St. Louis, 2200 Washington Ave.

CIRCLE 112 ON READER-SERVICE CARD

Low initial cost per thousand, low installed cost with 
highly engineered high speed United Eyeleting ma­
chines, and you have an unbeatable combination you 
can put to work saving money. They will join dis­
similar materials, can be clinched tightly to fasten, or 
lightly to function as a pivot.

They can be used as a bearing, or as a terminal. With 
ceramics, plastics, and glass special machine device 
helps minimize fracturing. You can get them from 
stock in a wide range of sizes, colors, and metals. A host 
of special diameters, lengths, shapes can also 
be made to solve your individual problem.

See our catalog in Sweets’ Design File or 
write us today to investigate the possibilities 
of utilizing lowest cost United Eyelets for 
your product. I / |r



Lower relay equipment
operating costs with

Commercially Available

‘neral

SYLVANIA
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»lume 
of its

Forced 
air cooled

K-4035 
K-4162
K-4202
K 4161
K-4034
K-4160
K-4033
K-4036

K-4189 
K-4188 
K-4187 
K-4186 
K-4185
K-4184 
K4183 
K 4182

Conduction 
cooled

K-4160, shown approx. Yj actual size. 
Fins facilitate forced-air cooling.

Frequency

5925-6225 me 
6125-6425 me 
6425-6575 me 
6575-6875 me 
6875-7125 me 
7125-7425 me 
7425 7750 me 
7750-8100 me
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For more information on this tube turn to the 
Reader’s Service card and circle number 102.

See the nuvistor at Booth 1602-1608, IRE Show.
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Fig. 2. A “shish-kebab" containing approximately 100 
nuvistors is lowered into an exhaust and sealing 
machine.

K-4186, shown approx. Yi actual size. 
Flange connects to heat sink.

diameter; 1/15 oz. in

Sylvania’s research and production capabilities have pro­
duced a series of klystrons that promise to surpass earlier 
types in performance.

Sylvania’s klystrons have the following features:

Improved high-temperature glass seal — 
this permits higher bake-out temperatures and gives a 
lower gas level. The resulting tubes have a life expectancy 
of 10,000 hours, 2,000 hours longer than competitive types, 
and better shelf life. This means lower operating costs for 
relay link equipment.

Purer metals and materials - the premium 
quality metals used in these tubes, combined with new, 
exacting processing techniques permit higher bake-out 
temperatures and result in longer trouble-free operation 
with low gas levels.

Superior performance — full coverage from 5925 
to 8100 me with 1 watt nominal output power. Most of 
these tubes have a minimum electronic bandwidth of 28 me.

Sylvania klystrons will give you added cost savings 
because of their longer life and fewer early-life failures. 
Send for the data.

■ High perveance
■ Ability to operate at all altitudes at full ratings. 
■ Small size and light weight. The metal shell is 
only 8/10 in. long, including peripheral lugs for Metallurgical and processing 

improvements mean superior life 
and performance

Sylvania Electric Products Inc. 
Special TUbe Operations

500 Evelyn Ave., Mountain View, Calif,

new Sylvania Klystrons
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Microwave Component News 
from SYLVANIA —wifi-

Fig. 1. The first nuvistor tube being produced is the 
RCA-7586 industrial triode. It is a general purpose 
medium-mu triode of the heater-cathode type which 
provides high-gain with low-noise as an amplifier and 
excellent performance as an oscillator over a wide 
range of frequencies.



Fast Readout Has
Self-Contained Memory

FROM 1.0 TO 4,000 CPS

coc

PHILAMON LABORATORIES INC

fun
CIRCLE 114 ON READER-SERVICE CARD
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input signals. The display is 
stroboscopic illumination of a 
tating belt or drum.

Characters to be displayed
ically reproduced on photosensitized mylar tape 
which fonns the belt or drum. They appear trans­
parent on an opaque background. The code 
tracks, which are similarly produced on the belt, 
are scanned by incandescent lamps and photo­
transistors. A code signal identifies the location 
of each character on the belt.

90 HOPPER STREET, WESTBURY, LONG ISLAND, N.Y.

FJ APID READOUT of any combination of 
characters is available in a new display de­

vice, together with storage for the coded infor­
mation which generated the display.

Manufactured by Hazeltine Corp, of Little 
Neck, N. Y., Randid (for Rapid Alpha-Numeric 
Digital Indicating Device) displays letters, num­
bers, and symbols in response to binary-coded

are photograph

PHONE EDgewood 3-1700, or TWX WBRY 5103, or 
write:

formed through 
continuously ro-

Hazeltine's high-speed alphanumeric readout.
CIRCLE 115 ON READER-SERVICE CARD ►
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Overall accuracies from ±.05% to ±.01% over—55°C 
to +85°C range,and to ±.001% from zero °C to 4-75°C, 
without use of ovens.
Silicon and germanium transistorized. Sinewave, 
squarewave and pulse outputs. 18, 20, 24, and 28 
volt DC inputs.
Conservatively designed reliable units, potted in sili­
cone rubber and hermetically sealed, for operation 
under MIL environmental conditions.

TUNING FORK 
CONTROLLED 

PRECISION 
FREQUENCY 
PACKAGES



on of 
ly de- 
infor-

Little 
imene 
num- 

coded 
irough 
ly ro-

*raph- 
r tape 
trans­
code 

e belt, 
photo- 
ication

O ;

it.
CARD > 

1960

Belt version of Rondici. The neon lamps can be seen 
in the foreground. Code-scanning phototransistors and 
lamps are at the rear. In this model, two lines of 
characters share the same code tracks.

A particular character is illuminated at a par­
ticular position when Randid receives a binary 
signal corresponding to that of the selected char­
acter and display position. When the in-coming 
signal and the signal on the belt agree, a high- 
intensity neon lamp fires and stroboscopically 
illuminates the selected character when it reaches 
the correct position.

Belt speed, and thus the strobe rate of each 
character, are fast enough to present a flickerless 
display. Typical rates of 30 to 60 strobes per 
second result from uncritical motor speeds which 
can be from 1800 to 3600 rpm.

Transistorized circuitry, which can accept 4- or 
6-bit binary code, and which provides storage, 
code comparison, and strobe drive, is housed in 
a separate unit which can be located remote from 
the display unit. The circuitry also provides selec­
tive address and erasure. It also allows Randid 
to accept de or binary coded decimal informa­
tion and to transfer the information to other units 
at a later time.

A completely new set of characters can be dis­
played by merely changing the belt—an opera­
tion which takes but a few minutes. Thus, input 
code, character size and style, number of char­
acters per line, and number of lines per display 
can be changed.

Some of the applications of Randid include: 
aircraft panel display, digital data transmission, 
monitoring, card or tape reading and verifying, 
visual decoding, information retrieval display and 
computer or test equipment readout.

Price and delivery depend on specific customer 
requirements.

For more information on this readout device, 
turn to the Reader-Service Card and circle 101.
< CIRCLE 115 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 16, 1960

THIS IS A 
RHEOSTAT 
YOU CAN 
STAKE YOUR 
REPUTATION ON

From 25 to 300 watts these VITROHM ring rheostats 
are engineered for longest life, maximum reliability

To be sure about smooth, trouble-free 
control in the 25- to 300- watt range— 
just specify a VITROHM rheostat.

You get smooth control: Close-laid 
turns (A) of special high-stability, low- 
temperature-coefficient wire or ribbon to 
insure smooth gradual resistance change 
from zero to maximum.

You get reliability: VITROHM ring 
rheostats are engineered for permanence 
from highest-grade ceramic base and 
core (B), durably bonded, tinned-alloy 
terminals (C), to final craze-proof, shock 
resistant, long-lasting VITROHM bond­
ing (D).

You get positive action: Self-lubricat­
ing twin-shoe contacts—exclusive with 
W/L—on balanced beryillium copper con­
tact arm (E) eliminate backlash, con­
tribute to smooth operation, minimize 
wear on resistance wire (A), assure 
positive contact to collector ring (F).

You get many more features than we 
can detail here. Check them all in W/L 
Bulletin 60RR (and, above 300 watts, 
check “plate rheostats” in Bulletin 60A). 
Either bulletin, yours for the asking. 
Ward Leonard Electric Co., 77 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) 9.e

Write for list of stocking distributors
CIRCLE 116 ON READER-SERVICE CARD

WARD 
LEONARD

ELECTRIC COMPANY
MOUNT VERNON, NEW YORK

LIVE BETTER .£/ectr/C3//y

RESISTORS RHEOSTATS RELAYS 'CONTROLS DIMMERS-



Tube Prints
Directly on

Non-Sensitized
Dielectric Material

mm

ELE122

PRINTAPIX 
ELEMENTS

Weight: 
Size:

Shock: 
Vibration:

Operating power:

Contact rating:

Life:
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ELGIN-ADVANCE REI AYS
A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 
2435 NO. NAOMI ST., BURBANK, CALIF.

CIRCLE 117 ON READER-SERVICE CARD

crystal > can sizerelays
J by ADVANCE .

-these construction
* features assure 

exceptional reliability:
Positive sealing. Advance’s use of induction 
heating cuts rejects from faulty soldering to a 
negligible figure. Soldering is accomplished at 
high speed, hence damage to the relay due to 
heat transfer is eliminated.

RADIFLO testing for leakage is used to detect 
leaks as small as IO-8 cc/sec. All relays that pass 
this test will function after long shelf life.

RIQAP program approval. Under RIQAP, the 
Signal Corps constantly checks Advance’s qual­
ity control and inspection, to insure military 
standards of reliability for all Advance rat­
ers, both military and W- -

Coil resistance: Available in 7 values, from 30 
to 10,000 ohms.
50 G’s for 11 milliseconds.
10 to 34 cycles per second at 
maximum excursions of .4". 
34 to 2000 cps 20 G’s acceler­
ation.
Pull in power 250 milliwatts 
at 25 C.
2 amps resistive at 32 VDC or 
115 VAC.
100,000 operations minimum 
at rated current.
0.45 ounce.
Vs" high x 5*44" wide x 23/m" 
deep.

DIRECT ELECTRONIC printing at 
high speed on non-sensitized, dielec­

tric material can be achieved with a new 
tube. Similar to cathode ray tubes, the 
device (called Printapix) permits “simple, 
inexpensive” image development, accord­
ing to the manufacturer, Litton Indus­
tries.

Two models of the tube have 2.75-in. 
printing-head widths, but tubes with up 
to 12-in. printing-head widths can be pro­
duced on order.

Made by Litton Industries’ Electron 
Tube Div., 960 Industrial Road, San 

Fig. 1. Model L-4016, which has a linear 
mosaic head, is on the right. Model L-4013, 
which has a rectangular mosaic array printing 
head, is on the left.

Carlos, Calif., the tubes are now being 
used in facsimile, oscillography, address 
labeling and television-type image re­
production equipment. Other applications 
will soon include: high speed computer 
readout, controlled information storage 
and erase for military tactical display 
maps and stock control uses, and simul­
taneous recording at any number of dis­
persed stations.

Type L-4013 tube provides a printing 
or writing head 0.15-in. high to accom­
modate writing of complete characters or 
symbols across the entire head widths.

HIGH DEFINITION 
ELECTRON BEAM

Fig. 2. The general working characteristics of 
the Printapix tube are outlined.
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COLUMBUS ELECTRONICS CORPORATION

1010 Saw Mill River Rd., Yonkers, N. Y.,Tel: YOnkers 8-1221 • TU X: Yonkers, NY-1369
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New From Columbus—Rectifier Combinations for High KV Applications
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Image Development
Image development is an instantaneous 

and dry operation. One system uses a de­
veloping powder with two components, 
a toner and a carrier. Agitation of the 
combination produces a tribo-electric 
charging. The toner is a finely pigmented 
plastic material that becomes positively 
charged, and is thus attracted to the nega­
tive charge image on the dielectric mate­
rial. (A typical carrier material is pow­
dered iron). The developing powder is 
released as a cloud or fog in close prox­
imity to the charged dielectric surface. 
Pigmented plastic is attracted to and re­
tained on the charged areas by the 
coulomb force. The resultant image can 
subsequently be erased for re-use of the 
base material and powder, or be perma­
nently fixed by a rapid heat cycle, pres­
sure or other means.

For more information on this tube, turn 
to the Reader Service card and circle 
number 103.

See it at Booth 1610-1618, IRE Show.

double diffused 
silicon sá 

rectifiers

This two-dimensional head may also be 
used for sequential, scan line (TV type) 
operation. Use of this tube minimizes 
system requirements for setup and opera­
tion. Type L-4016 has a unidimensional 
conductive element array for sequential, 
scan-line operation. Both tubes are im­
mediately available and will be displayed 
at the IRE show.

The tubes have a metallic-element, 
mosaic target or printing head in place 
of the phosphor screen usually found in 
cathode ray tubes. The metallic elements 
are 0.001-in. in diameter on approximately 
0.004-in. centers, providing an element 
density of 62,500 conductors per sq in. 
With either tube, deflection of the elec­
tron beam along the printing head widths 
accomplishes one dimension of motion. 
The dielectric material is positioned im­
mediately adjacent to the writing head; 
movement of this material past the tube 
face provides the orthogonal displace­
ment.

Electrons in a high-intensity, high­
definition beam in the tube produce a 
charge pattern on a dielectric surface 
(such as paper or plastic). The charge 
image, either line or continuous tone, is 
rendered instantaneously visible by ad­
herence of a pigmented powder or floc. 
Writing rates of 0.1 psec per element are 
achieved.

PIV SINGLE UNIT

ter months of exhaustive, customer conducted life tests

COLUMBUS SEMICONDUCTORS
Where higher voltage and current in less space 
cost are required, i.e., replacing vacuum tube 
in high voltage microwave power supplies for 
wave tubes, klystrons, etc.
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me Multi-Headed Transistors
Help Miniaturize Circuits
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C.R PRIMARY 
INSULATION

TYPE E WIRE IN ABRASION 
RESISTANT CONSTRUCTION

AR. JACKET 
INSULATION

By adding mineral fibers to Teflon and orientating them parallel to the wire surface, an 
improved insulation is achieved.

MINERAL FIBERS RESIST CUT THRU

AMPEX DATA PRODUCTS CO., 934 CHARTER ST., REDWOOD CITY, CALIF.
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♦We still have a few extra copies of the papers on E « mc/2 
and the Ips Corollary.
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The multi-headed transistor is a combina­
tion of any type or types of transistors now in 
use.

alter the good dielectric properties of 
Teflon, their combined effect presents a 
fairly large surface area to any abraiding 
influence. Together, they also support 
concentrated loads and resist penetration 
of sharp edges.

The methods of insulation improvement

(Regarding the answer to the trial problem in our first paper: 
If one of our readers has solved it would he please send us 
the answer in a plain envelope marked 'personal.’)

greal 
up v

JACKETOO5" TEFLON-A.R. COMPOSITION
(FILLED WITH MINERAL FIBERS)—y 

PRIMARY INSULATION .005“ /

TEFLON - C.R. COMPOSITION -7 /

MULTI-HEADED transistors, de­
signed to further reduce the size of 

transistorized circuits, are being made by 
The Electronic Transistor Corp. The 
transistors are a combination of any type 
or types of transistors now in use.

Combinations in a single package may 
include pnp, npn, audio frequency, ampli­
fier, computer, and many other types re­
ports the manufacturer (9226 Hudson 
Blvd., North Bergen, N.J.).

No interference is created by combin­
ing more than one transistor in a package,

WIRES and cables using an im­
proved Teflon insulation can stand 

more stresses. The insulation is improved 
by adding mineral fibers to the Teflon 
and orientating the fibers parallel to the 
wire surface. While the quantity of fibers 
added is not great enough to significantly
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M
ore than one reader has pointed out that there is a 

remarkable similarity between our new physical law 
. E = mc/2*, and Einstein's famous equation. We 
don t wish to appear presumptuous, but there is a relativity 

effect embodied in our new machine, the FR-600. Unfortunately 
this information has somehow leaked out and now there s the 
devil to pay. The marketing people got wind of it and blamed 
us for revealing the clue in our last paper on the Ips Corollary. 
It seems they think this information will play hob with their 
sales curve. We have committed ourselves, however, so there’s 
nothing to do but make a clean breast of it.

As we pointed out, the FR-600, in many cases, can do the 
work of two machines. (Our engineering colleagues will re­
member that this is because the FR-600 can record 125 kc 
data at 30 ips, thus recording for 48 minutes on one 14-inch 
reel. This eliminates the need for a second stand-by machine 
or a dual transport in most data runs.) As you might expect, 
the marketing people were worried that this might cut sales 
in half, since one machine could do the work of two. That 
wasn't the half of it, however. Now it seems that the FR-600 
lets all of our other analog recorders do the same thing. So, 
whether we like it or not, all our AR-200’s, Model 800’s, 
FR- 100’s and 1100’s can record the same bandwidths at half 
the usual speeds — and record twice as long to boot. (The 
new engineer says this is because bandwidth is determined by 
the reproduce head and not the record head )

So if you have an FR-600 to reproduce your data on you 
can record it at half the usual speed on all our other machines 
and get twice the recording time. There’s no way we could 
stop you if we had to. As a result the marketing people are 
all up in arms. This will cut sales on all of our other machines 
in half, they say, since one machine can do the work of two. 
As far as we re concerned there’s nothing to be done about it. 
The secret's out. We can only hope the profession won't abuse 
the privilege. A few communications from you in the field 
would certainly help the marketing people forget this whole 
ugly business.

Wires, Cables Take More Stress 
With Improved Insulation
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is claimed; there is no contact between 
ny of the transistors. Prices are 25 per 
ent less than the combined prices of the 
idividual units.
The following transistor types are im­

mediately available in combinations of 
wo in a JEDEC 30 package: 2N428, 

2N404, 2N43, 2N302, 2N482, 2N483, 
2N484, 2N1372, 2N1374. All individual 
transistors used in the multi-headed types 
conform to the electrical specifications 
registered with EIA and are designated 
by EIA number.

The multi-headed units are hermeti­
cally sealed and welded, and they are de­
signed to meet all applicable Mil specifi­
cations.

For more information on these units, 
tum to the Reader-Service card and circle 
number 106.

and subsequent advantages were reported 
by W. L. Gore & Associates, Inc., (487 
Paper Mill Road, Newark, Del.). Fiber 
particles average about 1 micron in diam­
eter and from 500 to 1000 microns in 
length. More than 90 per cent of the 
fiber orientation is parallel to wire sur­
face, the company claims.

Among the material’s adventages, des­
ignated as Type AR compound, is its cut- 
through resistance—three times as great 
as that of standard Teflon. Its mechanical 
properties remain satisfactory for many 
hours at temperatures of 325 to 400 C. In 
addition, if the Teflon bums away in ex­
treme environments, the mat of fibers 
continues to prevent conductor shorting.

Type AR compound is being used with 
the Type CR insulation (also made by 
Gore) to form a primary insulation with 
high resistance to corona stress and a 
jacket that is resistant to abrasion and 
cut-through.

A corona-stress life of 70 to 80 times 
greater than that of the best Teflon hook­
up wire now available is claimed for the 
type CR insulation by Gore. Moreover, 
Type CR insulation over a nickel-clad 
copper conductor is good from a few 
degrees Kelvin to more than 300 C. These 
materials are available in a wide variety 
< f cable and wire combinations.

For more information on these insula­
tions, which will be on display at the 
’RE Show, tum to the Reader-Service 
card and circle number 105.
booth 4121.
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SILICON

TRANSISTORS

2N696
2N697
2N699
2N706

DIVERSE APPLICATION in all areas 
of high-speed switching, broad-band 
video amplification and RF oscillation. 
New Sperry line of mesa transistors per­
mits unsurpassed design flexibility with 
unique combinations of frequency, gain, 
voltage and power dissipation.

IMPROVED CONSTRUCTION means 
greater reliability. More rugged short­
post design guarantees better mechan­
ical strength; concentric base-emitter 
configuration provides optimum effi­
ciency. And of course, all units undergo 
thorough bakeout at 300°C to insure 
stability.

HIGHER POWER 2N706 provides 
sophisticated logic device of even greater 
value for reliable high-speed operation 
in the saturated region.

For unsurpassed stability, perform­
ance, reliability and long life in silicon 
mesa transistors —SPECIFY SPERRY.

ELECTRICAL CHARACTERISTICS (25°C)

See us at IRE booth 2434 Type 2N696 2N697 2N699 2N706

Vcbo 60v. 60v. 120v. 25v.
hEE(Min.) 
<Iq= 150ma, 
VCE = 10V)

20 40 40 15

hfe(Min.) 
(|Q = 50ma, 
VCE = 10V, 
f = 20mc.*)

1 &for2N706:LJ.. JV f = 100mc

2.0 2.5 2.5 2.0

l| II P at 25*C1 * case temp. 2w. 2w. 2w. Iw.

SPERRY SEMICONDUCTOR DIVISION, SPERRY RAND CORPORATION. SOUTH N O R
Cali or er rite: Sperry Semiconductor. Wilson Avenue. SOUTH NOR WA L K Conn., VOlunteer 6-1641 i rt N t W ■ ~ ' ""
J5 55 W. Peterson Ave., CHICAGO 45, III., K E y st o n e 9-1176; 2300 East Imperial Highway. EL SEGUNDO,
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IF YOU DESIGN
Three-Dimensional Packaging Method

Permits Quick Servicing

mits

F 4a
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CIRCLE 121 ON READER-SERVICE CARD

THREE-DIMENSIONAL, printed- 
circuit packaging method that per- 
quick servicing by substitution and
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All components in this three-dimensional circuitry are encapsulated in replaceable 
AmpPlugs which are friction-fitted into two parallel "walls" of printed-circuit boards.
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202 SOUTH STREET, STAMFORD, CONNECTICUT 
Fireside 8-6203

is called the Amp-Meca Program (Main­
tainable Electronic Component Assem­
blies).

Four main advantages for this packag­
ing method are claimed by the company. 
They are:
Maintainability. Each Amp-Cell, which 
can contain one or more component as­
semblies, is easily removed and replaced. 
Since no bonding agents are needed, 
highly skilled maintenance personnel are 
not required.
Design Flexibility. Cells can be made

throw-away is now available to design 
engineers. The method can be used for 
small and large circuit programming in 
small or large quantities.

All components in this three-dimen­
sional circuitry are encapsulated in re­
placeable AmpPlugs that are friction 
fitted into two parallel “walls” of printed 
circuit boards. Designed by Amp Inc. 
(Harrisburg, Pa.), the packaging method
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ELECTRIC 
SPECIALTY CO

SCIENTIFIC COMPUTERS 
BUSINESS AND ACCOUNTING 

COMPUTERS 
DATA PROCESSORS FOR 

INDUSTRIAL CONTROL 
AUTOMATION SYSTEMS FOR 

PROCESSING PLANTS
AUTOMATIC ASSEMBLY 

SYSTEMS
MACHINE-TOOL CONTROLLERS 

ANO PROGRAMMERS
TELEMETRY ANO TRACKING

MISSILE GUIDANCE 
GROUND SYSTEMS

MISSILE CHECKOUT AND 
LAUNCHING SYSTEMS 

TACTICAL CONTROL CENTERS 
COMMUNICATION NETWORKS

Then you must read the complete and authoritative 
discussion of “THE APPLICATION OF PRECISE-POWER 
SETS TO LARGE ELECTRICAL SYSTEMS,” contained 
in our new Bulletin ENG-5900.
Almost every sizeable electronic system should use the 
Precise Power technique to cut costs (typically 50- 
90%) and increase reliability by at least an order of 
magnitude . . . don't freeze your power system designs 
until you have considered it carefully,
Bulletin ENG-5900 is included in our /I 

/1 new 32-page technical manual on / I - 
PRECISE POWER SYSTEMS for the / I A... 
ELECTRONICS INDUSTRY-required // 
reading for systems designers. / 
May we send you your copy? //
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The packaging method permits instant servicing by 
substitution and throw-away.

Fafnir Super-Precision 
Ball Bearings support 
torque tester rotor, 
provide sensitive, high 
precision performance.
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FAFNIR e 
BALL BEARINGS

CIRCLE 122 ON READER-SERVICE CARD

using the 0.1 and 0.2-in. grid system. The 
units discussed here are made with con­
tact ribs in an 0.1-in. grid pattern. Thus, 
for every 0.1 in. increase in the length of 
a given cell, two additional contacts may 
be obtained (one on each side of the cell). 
Cell volume can be increased without 
adding contacts by widening or deepen­
ing the dimensions of the “walls” and the 
cells.
Circuit Production. Economical proto­
type circuit production is accomplished 
through semi-automated “memory type” 
equipment using punched cards. This is 
achieved without the need of drafting, 
art work, photographic process, etching, 
plating or stamping. Since the component 
cell is a mold in itself for encapsulating 
the components, separate molding fix­
tures in the assembly process are elimi­
nated.
Reliability. The units are practically in­
destructible, since the cells have no pro­
truding contacts. Also, the entire assembly 
is protected against vibration, corro­
sion and physical damage because the 
components are encapsulated in the cells 
-and the cells, in turn, are wholly con­
tained in the circuit boards. The best con­
ductivity is assured through the friction- 
fit wiping action between contact surfaces 
when the cells are inserted into the 
boards.

The basic AmpPlug module can be 
made by machining, compression, injec­
tion, or transfer molding. Thus, it can be 
made of any type of insulating material 
amenable to one or more of the above 
processes.

The Amp-Meca Program will be on 
di play at the IRE Show. For more in­
fo mation on it, turn to the Reader-Serv- 
ic ‘ card and circle number 104.
B »oth 2527-31.

Torque tester with Fafnir Ball Bearings 
takes instrument bearing "cardiograms ”!

Fafnir automatic torque tester checks instrument ball bearings for cleanliness, geometry, surface 
finish, other conditions affecting performance. Recorder chart provides visual inspection, analysis.

Dirt, handling damage, faulty geometry — 
these and other ball bearing hazards can 
wreak havoc in the performance of an 
instrument or precision mechanism. The 
automatic torque tester above is designed 
to detect such conditions before bearings 
are installed, thus saving costly tear-downs 
and reassembly. It is widely used by in­
strument and ball bearing manufacturers.

Two Fafnir super-precision ball bearings 
support the rotor in this highly sensitive 
mechanism. These ball bearings must be 

as near-perfect as men and machines can 
make them, to provide the extremely low 
tolerances for radial and lateral eccentri­
cities, sensitivity, and reliability for which 
the torque tester is designed.

An exacting assignment for Fafnir pre­
cision. But it’s typical of the instrument 
applications in which Fafnir ball bearings 
have proven themselves. If your product de­
sign calls for instrument or miniature ball 
bearings, let Fafnir help you. Write The 
Fafnir Bearing Co., New Britain, Conn.



You're Invited To Visit 
ELECTRONIC DESIGN'S Booth

ELECTRONIC DESIGN’S editors will be waiting to talk to you about design prob­
lems you’ve recently solved, new products you’ll be introducing, articles you’d like 
to write—anything that will help engineers do their job better. So visit us. You’re 
always welcome at Booth 4404-06.
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Improved Products and New Ones Await Inspection at IRE Show

L. N. Tolopko
Assodale Editor

THIS YEAR’S IRE Show will be the stage for 
the debut of many new products and many 

improved versions of standard products. Re­
sponses to an Electronic Design questionnaire 
indicates that manufacturers will be tempting 
design engineers with products that have more 
reliability, more compactness, more special fea­
tures. Brief descriptions of some of these products 
follow.

Test Equipment
Meters. In this category are many new, auto­
matic, and improved units. Expanded scale volt­
meters that give true rms readings of ac even 
when their frequencies vary or when they are dis­
torted will be shown by the Weston Instruments 
Div. of Daystrom, Inc. The instrument has a trans­
ducer that provides the necessary means for con­
verting the rms value of the input to the squared 
value of average de current input.

Automatic range selection is the outstanding 
feature of an ac vtvm made by Allied Radio Corp. 
Instructions for the unit read: “Just touch probes 
to circuit under measurement, and a motor-driven 

• selector switch automatically turns to the proper 
range and turns on a pilot light on the panel to 
show scale multiplier.”

Automation is also the key feature of several 
other new products. A new microwave wattmeter 
has a bolometer bridge that automatically adjusts 
the de bias power dissipated in the external 
bolometer; it’s made by Daystrom Inc. Hewlett- 
Packard’s display scanner has a pen-speed sta­
bilizer that automatically controls the pen writing 
speed. It thus provides uniform, detailed plots 
over every part of the waveform and reduces 
scanning time. Hewlett-Packard will also show a 
meter than can automatically provide a continu-

Last January ELECTRONIC DESIGN queried manufacturers 
who planned to exhibit at this years IRE Show.
We asked them what was “special’ about the new products 
they would display. The answers are summarized 
here. For more details, see this issue’s New Products 
Department, p 132; it contains technical data 
on close to 300 products, and most of these can 
be seen at the Show.

ous noise figure presentation on most radar re­
ceivers.

Other automatic instruments include a digital 
deviation ohmmeter being shown by Electro In­
struments, Inc. The device automatically measures 
resistance and presents results in percentage of 
deviation from a nominal value.

As for improved products, Southwestern Indus­
trial Electronics Co. will offer a wide-range elec­
tronic voltmeter that measures ac and de voltages 
from 1 mv to 100 v full scale in 14 ranges. Im­
provements in the unit: residual noise is now less 
than 20 mv on the 1 mv ac scale, and de millivolt 
drift has been reduced to less than 50 pv after 
warmup. A rotating-coil gaussmeter capable of 
measuring de magnetic fields to an accuracy of 
0.1$ will be exhibited by Rawson Electrical In­
strument Co. Their previous units had 1% accu­
racy. And Systron Corp, will show an all-elec­
tronic digital voltmeter that provides auto-po­
larity and auto-ranging—something not available 
on their previous models.

Another meter that incorporates improvements 
is the frequency measuring unit made by Beck­
man Instruments, Inc. It digitally shows any fre­
quency from 10 cps to 110 me with an accuracy 
of 0.00004%. To cover this range with the same 
accuracy in the past, two of their instruments 
working in combination were necessary.

A “first” will be offered by Metronix, Inc. It 
will show a meter that is “believed to be the first 
combination ac and de electronic voltmeter ever 
offered for half relay-rack mounting.” It has 10 
standard voltage ranges in both ac and de up to 
300 v. Another unusual claim is being made by 
Electronic Applications, Inc. It will exhibit a very 
low-range ohmmeter that will read directly the 
internal resistance of storage and primary bat­

teries with and without loads. The company 
claims that there is no equivalent equipment on 
the market. As for future developments in this 
type of product, they say: “Somebody will try to 
copy it.”
Testers. Several new semiconductor test units 
will be on display at the Show. Hickock Electri­
cal Instrument Co. will have a transistor beta 
tester that tests transistors according to manu­
facturers’ specifications. Says the company, “Beta 
measurements not made at the current and volt­
ages established by the transistor manufacturers 
are meaningless.” An automatic transistor test 
unit, made by Optimized Devices, Inc., is claimed 
to “cut manpower costs ten to one and increase 
test reliability.”

Another automatic tester will handle diodes, ca­
pacitors and resistors at an average rate of 3500 
pieces per hour. Made by Universal Instrument 
Corp., the machine will physically orient each 
axial-lead component in the direction of its po­
larity. A diode tester capable of generating and 
displaying the millimicrosecond recovery charac­
teristics of ultra-fast switching diodes on conven­
tional oscilloscopes is being shown by Lumatron 
Electronics, Inc. The unit has a test fixture for 
rapid, manual insertion of ccaxial lead diodes.

New equipment to test instruments will also be 
on exhibit. Daystrom, Inc. will show an instru­
ment calibration unit that has 0.05% accuracy, and 
panel instruments featuring expanded scales. A 
new tester to check the operation and accuracy of 
voltmeters, ammeters and ohmmeters will be 
brought to the Show by Mid-Eastern Electronics.

Components

Semiconductors. This category will include many
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0-3500 psi in gage, absolute or differential pressure types, 
Send for complete specifications and application data.

ANY RANGE FROM O-.1 psi to 0-3500 psi

LECTRONIC DESIGN • March 16, 1960

I i aw products. Sylvania is bringing microwave 
i lixer diodes with the “lowest available noise fig­
i re.” They will provide a receiver system with a 
realistic” 7.5 db overall noise figure at the Ku 

1 and. A total of 331 new semiconductor devices 
in five product categories (Zener diodes, mesa 
transistors, rectifiers, and alloy and power tran­
sistors) will be introduced by the Semiconductor 
Div. of Motorola. The company is also announcing 
its new quality assurance program called “Meg-A- 
Life.” Three industrial alloy transistors are the 
first units made under this program. Each pro­
duction lot of these transistors undergoes complete 
electrical, mechanical, environmental and life tests 
identical to those required for military approved 
units.

A new line of diffused silicon mesa transistors 
will be shown by Industro Transistor Corp. The 
units are designed for medium power, small-signal 
amplifier and switching applications.
Tubes. Look for new and improved units in this 
category. A 5-kw cw power klystron that is 
claimed to have highest power available today in 
a single tube at X-band will be shown by Varian 
Associates. Varian will also show, among other 
things, a two-resonator oscillator klystron that is 
“even more compact than previous models.” The 
“most sensational'’ product Alfred Electronics will 
show* is a general frequency microwave oscillator. 
The power supply of this unit has a reset in the 
rear to insert a generator head for the frequency 
spectrum desired. The “plug-in” generator will 
include primarily a backward wave oscillator tube 
and solenoid with a calibrated dial chart for in­
sertion into a front panel holder.

Other additions to the tube category include 
General Electric’s new L-band, electronically 
tunable oscillator. Huggins Laboratories is show­
ing an electrostatically focused 1-w traveling wave 
tube in which, they report, substantial savings in 
weight and size have been effected. Sperry’s Tube 
Division is heralding a new line of medium-power, 
traveling wave tubes that cover the complete 
range of P to X bands. Small signal gain for the 
tubes ranges from 35 to 55 db, minimum—higher, 
it is reported, than provided by any other known 
family of tubes.
Potentiometers. Ace Electronic's Associates, Inc., 
makes this claim about a unit they are showing: 
“The first 1/2-in. precision conductive plastic po­
tentiometer in the industry .” Resistance range, for 
the units, is 250 ohms to 150 K.

Another unit with reported special features is a 
wirewound, bushing-type mounting potentiome­
ter being shown by Waters Manufacturing, Inc. 

he unit requires “up to 25% less space behind 
the panel than potentiometers having identical 
pecifications.”
New potentiometers will also be shown by sev- 

* ral other companies. The Helipot Div. of Beck-

A stiff metal diaphragm is the only moving part in the new Ultradyne DCS-4, 
a complete DC/DC pressure transducer package. Because of its simplified design, 
this system withstands the most severe vibration and shock. It is especially 
suited for aircraft, nuclear, missile and other rugged applications.

The unit operates from standard unregulated 28-volt DC power supplies. Its 
full scale output of 0-5 volts DC can be fed to voltage controlled oscillators, DC 
computers or other DC-input system. DC output remains constant (±1%) 
despite input changes within the standard 25 to 30 volt range.

The DCS-4 offers all the advantages of a variable-reluctance transducer with­
out the disadvantages of AC transmission. Advanced solid state circuitry elimi­
nates amplifiers and their drift problems. The DCS-4 uses a regulated transis­
torized multivibrator working into a completely passive circuit.

The new Ultradyne DCS-4 is available now in any range from 0-.1 psi to

ULTRADYNE
INCORPORATED

P.O. BOX 3308 
ALBUQUERQUE, NEW MEXICO

ULTRADYNE INCORPORATED
P.O. Box 8308, Albuquerque, New Mexico. Dept. ED3
Gentlemen:
I want to know more about the new Ultradyne DCS-4 DC/DC pressure- 
to-voltage system. Please send me complete specifications and applica­
tion data.
NAME. . . ..........................................................................................................................................
COMPANY..........................................................................................................................................
ADDRESS ........................................................................................................................................

pressure ranges — 0-.1 psi to 0-3500 psi 
power iupply — standard unregulated 
28-volts DC
frequency r<*spuruM* — designed to pass 
intelligence frequency of IRIG bend E 
(at least 2100 cps)
output voltage — 0-5 volt DC, lull scale 
output regulation — constant within 
*1% with input ranging from 25 to 
30 volts DC
operating temperature —85°F to 4-2120F 
size — 2* x 2H* * Ufa*
weight — 9 ounces (lesa fittings)

tovolt*8E

„TPtHO
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plan your time to best advantage. The Daily is printed
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overnight for distribution early each morning during the convention. 
It’s written by engineers for engineers; contains all the new products 
to be exhibited and their booth locations, meetings, events, papers by 
subject, plus the significance of all the latest news, announcements, and 
behind-the-scene trends at the show. This year, don’t miss Electronic 
Daily, it’s free to all registered exhibitors and attendees.

man Instruments, Inc., for example, will brii g 
with them three new trimmer potentiomete) s. 
Dale Products will show a 25-tum, T-Pot unit wi h 
completely welded construction of all fixed coi- 
nections and sealed construction for maximun 
protection against severe environmental condi­
tions. And Chicago Aerial Industries, Inc., w 11 
have in their booth a new, extended line of ill 
metal, precision potentiometers that are single- 
turn units. They have all metal construction, with 
glass-to-metal terminals.

As for improved units, Dejur-Amsco Corp, is 
showing a ball-bearing, precision potentiometer 
with a one-piece molded housing and complete 
phenolic envelope inside. It has “improved linear­
ity and lower starting and running torque.” 
Relays. Response to ED’s questionnaire shows 
that many new units will be offered. Guardian 
Electric Mfg. Co. will have a new series of minia­
ture de relays with 6pdt contact combinations 
rated at 5 amp. They’ll also demonstrate a new 
impulse relay designed to “insure long life, 
trouble free operation well in excess of 1 million 
steps.” Side mounted relays designed for printed 
circuit boards will be displayed by Electronic 
Components. The relays have an overall height 
not exceeding 0.4 in. Lastly, a 2-pole subminia­
ture, crystal case relay is one of the new units 
being shown by the Union Switch & Signal Divi­
sion of Westinghouse. One feature of the relays 
that is claimed to be unique, is the armature sus­
pension system that is designed to meet a high 
level of vibration.
Connectors. Improvement seems to be the key 
here. New features have been added to the Multi­
Terminal connector series made by North Electric 
Co. These improvements include a handy locking 
bolt for securing the plug to the receptacle, and 
an easily removable cover with a captive screw 
for rapid wiring or checking. Printed circuit board 
connectors made by Winchester Electronics, Inc. 
have been improved; they now conform to MIL- 
C-21097.

As for new units, two new printed circuit con­
nectors will be shown by Continental Connector 
Corp. One is a right angle plug and socket series 
with 28 contacts; the other is a 28-contact test 
point connected with right angle pins for dip 
soldering to the board. Elco Corporation’s new 
series of Varicon connectors will be shown; the 
microminature rack and panel units are made of 
hermaphroditic design.
Materials. Efforts continue here to produce mate­
rial that will withstand higher temperatures. Two I 
new high temperature laminates will be shown by I 
Synthane Corp. They can be used at temperatures I 
up to 500 F. One is an asbestos mat plastic, and I 
the other is a glass fabric plastic. A fire retardant I 
epoxy casting resin that may be cured at room I 
temperatures will be brought by Emerson & I

...and at no Charge. You’ll find your copy of Electronic Daily either 
direct in major hotels, or at Hayden’s booth #4404 at the Coliseum. 
Use the Daily to select the booths and products you want to be sure
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CIRCLE 125 ON READER-SERVICE CARD

DIRECT READOUT FEATURE eliminates need 
for using expensive oscilloscopes and fast 
pulsers. All three time parameters are dis­
played on panel and given as voltages, 
require no difficult interpretation. Even 
operators with little technical ability find 
it easy to read measurements. Another ad­
vantage Responses are very fast, require 
less than 100 milliseconds readout time 
for high speed punched card recording.

ELECTRONIC DESIGN • March 16, 1960

tuning, Inc. It is designed to be stable over a 
emperature range of —100 to 4-350 F. Furane 
Nasties, Inc. will have insulating resins that have 
»etter dielectric properties at elevated tempera- 
ures. And Kanthal Corp, will show resistance 

wires that can operate continuously at tempera­
tures up to 250 G and to 300 C for short periods 
of time. The wires are covered with a dual-layer 
insulation. The base layer consists of a thin in­
organic ceramic coating; the overlay is made of 
Teflon.

nia- 
mits

Here is a great new advance in metering—an 
instrument which makes possible quick, simple 
measurements to millimicrosecond accuracy. 
Three independent channels of time measurement 
are provided. Each has individual adjustable voltage 
discriminators, permitting measurements of any 
three times of interest over the delay, rise storage 
or fall of the switching transient characteristic. 
E-H Model 140 is designed primarily for fast 
measurement of rise, storage and fall time 
parameters of transistors in saturated mode 
operation. It is also useful for transient response 
measurement of diodes, cables, pulse transformers, 
delay lines, amplifiers and similar high speed 
devices. Like all E-H instruments, the 140 is con­
servatively designed for trouble free performance. 
Top quality components are used throughout. 
For more information on the 140. write or wire E-H today.

SPECIFICATIONS:
TIME DIFFERENCE CHANNELS (Thrw) 
RANGES: 10 millimicroseconds full scale 
to 10 microseconds full scale— ' 
four ranges 
READOUT: 1 volt full scale at BNC con­
nector and panel meter for each channel 
READOUT TIME: Less than 100 
milliseconds
ACCURACY: ±7% ± 5 millimicroseconds 
(ultimate accuracy: ±2% ±1 m^sec) 
POWER SUPPLY (for transistor collector) 
VOLTAGE 3 to 20 volts, continuously 
variable
CURRENT: up to 1 ampere available 
MERCURY PULSER (Base drive) 
RISE AND FALL TIME: less than 
2 millimicroseconds
REPETITION RATE 60 cps
AMPLITUDE; 3 to 20 volts, continuously 
variable
PREAMPLIFIERS
Separate preamplifiers are available for 
testing either PNP transistors, NPN 
transistors, or Diodes; the preamplifiers 
may be remotely located at test fixture 

Model 141-PNP (for PNP transistors) 
Model 141-NPN (for NPN transistors) 
Model 141-DI (for Diodes)

The Model 140 comes equipped with any 
one preamplifier -additi’-nal preampli­
fiers are priced at $600 00 each
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Sub Assemblies
Recorders. A miniature airborne tape recording 
system, possibly the “smallest 28-channel record­
ing device ever designed for space, air and indus­
trial use,” will be shown by the Leach Corp. It 
has a diameter of 6.25 in. and a length of 6.5 in.; 
weight is less than 10 lb. Also of interest is an 
eight channel direct writing rectilinear recording 
system being shown by Cohu Electronics, Inc. It 
has a 40 millimeter amplitude and a frequency 
response to 100 cps, features unavailable in prod­
ucts they’ve made before.
Power Supplies. Look for new units in this cate­
gory. Power Sources, Inc., for example, will bring 
two new lines of transistor-regulated power sup­
plies (one for low voltage and the other for high 
voltage applications). The units are claimed to be 
“half the size and weight of comparable tube-type 
supplies”; they are backed by a 5-yr warranty 
which includes all components. A series of power 
supplies with line regulation of 0.005%. ripple less 
than 500 pv, and overshoot less than 1% (unavail­
able in similar products made by the company be­
fore) will be brought to the Show by Mid-Eastern, 
Inc. Quan-Tech Laboratories is introducing a con­
stant current supply. Unique with this instrument, 
they say, is that the output voltage can be read 
on the meter by a simple flip of a front panel 
switch. They will also bring with them a new 
series of transistorized, low voltage power sup­
plies; big feature is a regulation of 0.01% from no 
load to full load.
Generators. Lots of new generators will be at the 
show. Rutherford Electronics Co. will have a new 
pulse generator with repetition rates continuously 
variable from 1 cps to 10 me with a rise and fall 
time of less than 8 mpsec. A four-channel milli­
microsecond current pulse generator that operates 
to frequencies above 3 me will be shown by 
Electro-Pulse, Inc. A crystal frequency synthesizer 
that is capable of producing over 64,000 discrete 
frequencies with a stability of better than 1 x IO-8 
per day will be put on display by Manson Labo­
ratories. A transistorized, battery powered signal 
generator with a continuously variable frequency 
range from 2 cps to 200 kc and a 1 v rms output 
and less than 1% distortion will be presented by 
Southwestern Industrial Electronics Co. ■ ■

A new transistor RISE, STORAGE 
AND FALL TIME METER for 
fast, millimicrosecond-accurate 
measurements you read directly

H E-H RESEARCH LABORATORIES, INC 
____/ 163 ADELINE STREET • OAKLAND 20. CALIFORNIA



NEW PRODUCTS Covering all new products that might gener­
ally be specified by an electronics engineer 
engaged in the design of original equipment.

585Printed Circuit Connector Has 
Bifurcated, Undulating Spring
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A bifurcated, undulating spring design assures multipoint contact of this Edge-On printed-circuit con­
nector. Use of crimp-type, snap-in Hyfen tips with insulation grips eliminates the need for insulating 
sleeves. The tips accommodate combinations of wire sizes as well as single wires. A closed-entry face 
on the board protect's the spring and self-aligns warped, printed-circuit boards. Provisions are made for 
one or two tips for each board position on each side. Current capacity for each contact is 22 amp; work­
ing voltage is 280 v de or 200 v ac at sea level. Continuous operating temperature is 350 F max.

Bumdy Corp., Dept. ED, Norwalk, Conn.
Price: Varies with customer specifications and requirements.
Booth 1329-1331.

Price and Availability
PRICE AND AVAILABILITY data are now 

being added, whenever possible, to the 
New Product descriptions that appear in 
ELECTRONIC DESIGN. These data will help 
you to:
—Evaluate the products more intelligently.
—Decide which products to buy now and 
which to wait for.
—Schedule your orders wisely.

—Get an insight into prices and savings 
for similar products.

Most manufacturers have been very co­
operative in providing us with Price and 
Availability data. Since some of the data 
arrived after our deadlines, it was impos­
sible to add them to all of the products. The 
data represent the latest information at 
the time of publication.

Power Supply Provides 4 To 584
36 V De, 0 To 500 Ma
This transistorized power supply provides a regu­
lated, continuously-variable output of 4 to 36 v 
de at 0 to 500 ma. It includes a vernier voltage 
control that permits fine adjustment of the output 
voltage. Outputs are isolated and either terminal 
may be grounded or units can be stacked for 
higher voltage operation. Thermostatic monitoring 
of the transistor base temperatures prevent ther­
mal run-away. The current limiter is also con­
tinuously adjustable. Input voltage is 105 to 125 
v ac, 60 or 400 cps. Line regulation is less than 
0.15% change in output for full input change. 
Load regulation is less than 0.05%, no load to full 
load. Dimensions are 4-7/8 x 5 x 6-1/4 in.

Electronic Research Associates, Inc., Dept. ED, 
67 Factory Place, Cedar Grove, N.J.
Price: $135 ea.
Booth 2818-2820.

ELECTRONIC DESIGN • March 16, 1960
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in mind, new JFD lumped constant Delay
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JFD3,

CIRCLE 126 ON READER-SERVICE CARD

0

JFD International, 15 Moore Sheet, New York, New York

JFD Canada Ltd., 51 McCormack Street, Toronto, Ont., Canada

Cathode Ray Tube Has Built-In 
Shield Over Neck

submit recommendations. Closer tolerance de­
lays and impedances are available, in forms, 
sizes and terminal designs to match your 
needs. Write for Bulletin No. 213A.

Designed with compactness, ruggedness and reliability 
Lines upgrade your prototype or production project.

LLECTRONIC DESIGN • March 16, 1960

K-Band Magnetron Provides 0.02 pSec 586 
Pulses At 25-Kw Peak Power Output
Pulses of 0.02 psec and a peak power output of 
more than 25 kw are provided by the type 7093 
magnetron. Designed for use as a pulsed oscilla­
tor at a fixed frequency in the K-band between 
34,512 and 35,208 me, the unit weighs 4.2 lb. It is 
suited for use in high-definition, short-range radar 
systems of up to 5 mi and will allow a system 
resolution of 4.5 yd in range. At pulse duration of 
0.02 psec, the rate-of-rise of the voltage pulse is 
600 kv per psec, with a duty factor of 0.0001, a 
peak anode voltage of 13.5 to 15 kv, and a peak 
anode current of 12.5 amp.

Amperex Electronic Corp., Dept. ED, 230 
Duffy Ave., Hicksville, L.L, N.Y.
Availability: Immediately available in sample and 
pre-production quantities.
Booth 1610-1618; 1709-1717.
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Type VC118P1, 2-in., flat-face cathode-ray tube 
has a built-in magnetic and mounting shield over 
the neck. Both the focusing and deflecting are 
¿ccomplished electrostatically. Heater voltage and 
current are 6.3 v and 0.6 amp, ±10%; anode volt­
age is 3000 v de max. Over-all length of the tube 
i 7-5/8 in., ±3/16 in., and greatest bulb diam­
eter is 2-1/16 in. Using a Pl phosphor, the tube 
can be mounted in any position.

Waterman Products Co., Inc., Dept. ED, Phila- 
( elphia, Pa.
) ooth 3105-3106.

ILI I LUMPED CONSTANT g ITI | DELAY LINES

Meet the newest addition to the growing family of JFD precision electronic components.

Compare the advantages of the standard JFD lumped 
constant delay lines:
• High delay-to-rise time ratio with minimum signal 

attenuation.
• Tolerance of ±5% max. on delay and characteristic 

impedance. ‘
• Temperature range of -55° C to +125’ C.
• Delay time thermal stability of 50 parts per mil­

lion per degree centigrade.
• Up to 25 Me bandwidth.
• Virtually linear phase shift.
• Hermetically sealed metal cases for maximum re­

sistance to shock, vibration and humidity.
• Meet all applicable MIL specs.

Whether your application calls for standard 
or custom-built lumped constant or distri­
buted constant delay lines, our engineering 
staff will be glad to review your needs and

Typical Standard Delay Line Characteristic*
Delay Time 5 A sec. 10 A sec. 25 A sec.
kite 
Time Size

Rise 
Time Size

(lise 
Time Size

1.0 iyex1Ve«2’4 2.0 1’/2x1’/2x3 5.0 1X*xlK*x278
.5 1X*x1K»x2V8 1.0 1%x1%«3’/4 2.5 13/4x13/4x3’/2
.3 1%x1%x23/4 .6 P/4X13/4X3’/2 1.5 2X*x2Kéx4y*
.15 2’/4x2’/4x4’/2 .3 2’/4x21/4x4’/2 .75 23/4x23/4x51/2

Rang* of characteristic impedance: 50 ohm» to 2000 ohms 
±5%.
Attenuation: Less than Idb per, p tec. up to 3 A tec. delay;
6db max. up to 50 A sec. delay.
Temperature stability: 50 parts per million per degree C 
from —55* to -|-125’ C.

Pioneer* in electronic* since 1929

ELECTRONICS CORPORATION
1462 62nd Street, Brooklyn, New York
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NEW PRODUCTS at the ire show

Toroidal Inductors
For use in severe environments

DC Drive Choppers
Both spdt and dpdt types

forsooih 
MAN, 
FCXSOO1H

Don't get ridden out of town on a rail over your choice of test instruments 
"Velcome" the SIE representative when he calls.

DIS ISS AN ACTUAL 
MESSAGE FROM ACROSS 

DER OCEAN «...

ELECTRONIC DESIGN • March 16, 1960

Acceleration
Velocity 

Displacement 
Accuracy 

Frequency range

"Zhame on you!", Professor. You'll please people 
(and EE's too) when you demonstrate SIE's T-1A 
Vibration Meter. It's transistorized and portable for 
measurement and analysis of vibration velocity, ac­
celeration, and displacement.

FRIENDS, 
I NOW DEMONSTRATE 
DER VORLDS FIRST 

™ TELEGRAPH !

BE SURE TO SEE THE S. I. BOOTH, NO. 3307-3309, AT THE I.R.E. SHOW 
CIRCLE 127 ON READER-SERVICE CARD

Better than 5 
5-10,000 cps

0.1 - 1000
0.01 - 100
0.001 - 10

Types ATE 11, 0, and 4 toroidal inductors are 
designed to withstand high acceleration, shock 
and vibration. The units are slotted for screw­
driver adjustment, are fully encapsulated, and 
meet MIL-E-15305 A, MIL-T specs 27, grade 4, 
class R. Type ATE-11, having a maximum induc­
tance of 5 h, measures 3/4 in. in diameter and 
13/16 in. in height. It weighs about 0.75 oz. Type 
ATE 0 has a maximum inductance of 0.5 h, 
weighs 1.5 oz, and measures 1-1/16 in. in diame­
ter and 1 in. in height. Type ATE 4 has a maxi­
mum inductance of 15 h, weighs 3.5 oz, and 
measures 1-5/16 in. in diameter and 1-3/16 in. in 
height. All units have a useful range of 500 to 
100,000 cps.

Burnell di Co., Dept. ED, 10 Pelham Parkway, 
Pelham, N.Y.
Booth 2909-2910.

i PROFESSOR MIZZLE VON BOMB presents ?

I Great Moments In Electronics I
J (Never Before Recorded) ♦

These de drive choppers are available in either 
spdt or dpdt types. The units have a low noise 
figure and a chopping rate of 94 cps. Suitable for 
use in portable equipment, the choppers can have 
noise level specifications of 1 mv into 100,000 
ohms. In non-portable applications, the use of the 
de drive permits ac drive wiring to be removed 
from the critical circuitry. Required power is 12 
to 24 v de.

Stevens-Arnold, Inc., Dept. ED, 7 Elkins St., 
S. Boston 27, Mass.
Booth 2934.

SOUTHWESTERN INDUSTRIAL ELECTRONICS CO 
A DIVISION OF DRESSER INDUSTRIES. INC.

10201 Westheimer • P. 0. Box 22187 • Houston 27, Texas • HOmestead 5-3471

Í PROF MIZZLE^ 
VON BOMB HAF
MADE HISTORY, 

AGAIN

INC
SO »ÖS1OM mas-

OC AC CHOPPER

DPDT
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CIRCLE 129 ON READER-SERVICE CARD

4 m^s 
200 mw

@ If —10 mA 
@ Vr -Ov

For full specifications, write Dept. B'3
See us at Booth #2701*3*5*7 on the second floor at I.R.E.

THE FIRST—An ultra-fast computer diode: 
Four millimicrosecond maximum reverse recovery 
time of this new FD 100 overcomes the diode- 
caused speed limitations in computer circuits. Ca­
pacitance is only 2ixf at zero volts bias.

THE REASON—A need and the technology 
to serve it: Fairchild'S diffused silicon transistors 
have achieved heretofore unattainable performance. 
Application of these transistors has in turn created 
the need for silicon diodes of similarly outstanding 
performance.

& Ir —100 gA 
100 mA ® Vr ^30v, 25’C

THE FOLLOW UP—A broad line of high re­
liability diodes: This Fairchild FD 100 diode is 
being followed by others providing industry-leading 
standards in reliability and uniformity - backed by 
a continuing accumulation of statistical data on a 
large scale.

TENTATIVE SPECIFICATIONS - FAIRCHILD FD 100 
25 C Except A> Note«

Temp Range Operating -65*C to 175*0 
Storage -65°C to 200°C

CIRCLE 128 ON READER-SERVICE CARD 
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4300 REDWOOD HIGHWAY • SAN RAFAEL

The following Fairchild 
transistors are available from 
stock, for same day shipment 

in quantities up to 

1OOO 
pieces per type.

Standard NPN: 2N696, 
2N697. High Voltage NPNh 

2N699. High Beta NPNÊ 
2N1420. Low SiorJ 

NPN:2N1252,2N1J3 
Standard PNP: 2 NJ 31, 
2N1132. Mesa:J706.

CALIFORNIA • GLENWOOD 61130 • TWX SRF 26

Symbol Characteristic Min. Max.

Breakdown Voltage 40 volts 
Reverse Current
Forward Voltage Drop
Capacitance
Reverse Recovery
Time To Ir— 1 ma
Maximum Power
Dissipation

ELECTRONICS

At factory prices ol course
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moving
They’re ideal for

even it an internal transistor fails.
continues to regulate
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NEW PRODUCTS
AF THE 
IRE SHOW

your Perkin MTR power sir

taneous regulation and low ripple. Made without tubes

The voltage spike in the top photo could destroy the 
transistors in your circuit in microseconds. This one hap­
pens to be a “turn-on” transient—one of several treach­
erous, instantaneous overshoots encountered in the every­
day use of de supplies. For complete protection against 
line and load transients, use new Perkin MTR power

parts, they give you long, trouble-free service

Environmental 569 
Chamber

Simulates high altitudes and 
extreme heat

This environmental chamber is 
able to produce 1200 F of radiant 
heat under altitude conditions of 
500,000 ft or 1 x 10 fl mm Hg abso­
lute. A vapor trap insures efficient 
operation of the vacuum pump and 
an automatic, hot-gas defrost takes 
care of frost on the coils. Exterior 
dimensiohs, including machinery and 
instrumentation, are about 4x8x7 
ft. Inside work space is a cylinder

supplies. Combining the best two solid-state regulation principles, they 
use magnetic amplifiers for high efficiency and transistors for instan-

30 in. in depth. The chamber has 
applications in the testing of com­
ponents and assemblies for space 
programs.

Tenney Engineering, Inc., Dept. 
ED, Union, N.J.
Availability: The unit can be de­
livered 8 to 10 weeks after receipt 
of order.
Booth 3226-3228.
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Microwave Hybrid 570
Coupling is 3 +0.5 db

These octave band, hybrid cou­
plers provide 3 ±0.5 db. Isolation 
is 20 db min, vswr is 1.25:1 max, 
insertion loss is 0.1 db max, and 
power is 100 w avg or 5 kw peak. 
Model 749 operates over the fre­
quency range of 125 to 250 me and is 
11-3/4 in. long. Model 750 operates 
from 250 to 500 me and measures 
5-3/4 in. in length. Model 751, op­
erating from 500 to 1000 me, is 
3-1/2 in. long. Model 752 operates 
from 1000 to 2000 me and is 1-1/8 
in. long and model 753 operates 
from 2000 to 4000 me and is 1-5/8 
in. long. Type N connectors are 
standard.

Sage Laboratories, Inc., Dept. ED, 
3 Huron Drive, Natick, Mass.
Price ir Availability: Price is $255 
ea. Delivery time is up to 45 days.
Booth 1910.

continuous-duty and unattended operation. Perkin MTR units 
sustain shorts and overloads indefinitely without suffering internal 
damage or shooting spikes into the load. After shorts, they resume 
normal operation automatically. And their protection is constant...
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NEW SOLID STATE REGULATION PRINCIPLE;
magnetic amplifiers for efficiency and reliability, transistors for fast response 

Rugged magnetic amplifiers provide steady-state regulation of line and load. Fast-acting 
transistors suppress ripple and transients. Because the transistors function only during 
instantaneous line and load changes, their actual use is held to a minimum. MTR units 
thus have far better dynamic regulation than magnetic amplifier-regulated power 
supplies and much higher reliability than fully transistorized supplies.

Microminiature

prompt deliveryPERKIN / MTR REGULATED LOW-VOLTAGE DC POWER SUPPLIES

Model 
No.

D.C. Output Static Regulation Dynamic Regulation
A.C. Input 

60 CPS Ripple

Volts Amps Line Load Linef LoadfI Volts Phase RMS

MTR060-1 A 0-60 1 ± 10MV ±25MV ±10MV ± .2V 95-135 1 2MV

MTR060-5 A 0-60 5 ±10MV ±25MV ±10MV ± .3V 95-135 1 2MV

MTR036-5 0-36 5 ±10MV ±10MV ±10MV ± ,2V 105-125 1 1MV

MTR036-15 0-36 15 ±10MV ±10MV ±10MV ± .2V 105-125 1 1MV

MTR636-15 6-36 15 ±25MV ±50MV ±25MV ±.75V 105-125 1 5MV

MTR636-30 6-36 30 ±25MV ±75MV ±25MV ±.85V 105-125 1 5MV

MTR615-5 6-15 5 ±10MV ±50MV ±0.1% ± .2V 105-125 1 3MV

MTR28-2 24-32 2 ±0.1% ±0.1% ±0.1% ± .2V 105-125 1 5MV

MTR28-3 24-32 3 ±0.1% ±0.1% ±0.1% * ,3V 105-125 I 5MV

MTR28-5 24-32 5 ±0.1% ±0.1% ±0.1% ± .3V 105-125 1 5MV

MTR28-10 24-32 10 ±0.1% ±0.1% ±0.1% ± 4V 105-125 1 2MV

MTR28-30 24-32 30 ±0.1% ±0.1% ±0.1% ± ,5V 105-125 1 5MV

MTR28-100 24-32 100 ±0.1% ±0.1% ±0.5% ±2.0V 208/230/
460 ±10%

3 20MV

IFor 10V step change on 115V nominal input units; 10% step change on Model MTR 28-100 
f IFor changes no load to full load or full load to no load. On fractional load changes, specifications are improved.

All models have Automatic Current Limiting protective loads and shorts can be sustained indefinitely without damage 
circuitry which eliminates fusing. Voltage and current are to the power supply. All units available standard 19 rack or 
automatically reduced to a safe level on overloads of 125% cabinet mount. Dynamic impedance down to 25 milliohms, 
rated output and above, including dead short circuits. Over-

VVRITE FOR COMPLETE PERKIN CATALOG on tubeless power 
supplies and new technical article on de power sources for transistorized 
circuits.

ENGINEERING CORPORATION
345 Kansas Street, El Segundo, California • ORegon 8-7215 

' ew England Area Office: 46 Amesbury St. • Lawrence, Mass. • MUrdock 3-3252

ALES REPRESENTATIVES
Ibuqucrque, N.M.— AMherst 8-1724

. ngola, Ind.-217 & 8101-R
tlanta, Ga.—BLackbum 5-6660

* hicago. Ill.—JUniper 8-0905
* leveland, O.—REdwood 2-7444
1 'alias, Tex.—FLeetwood 7-7080

Dayton, O.—CHapel 4-5551
Denver, Colo.— S Unset 1-7375
Detroit, Mich.—HOward 8-2461
Indianapolis, Ind. —STate 7-0009 
Kansas City, Mo.—HEdrick 2-2528 
Los Angeles, Calif.—HOllywood 9-7294

Minneapolis, Minn.— Midway 6-2621 
New York City, N.Y.-DIgby 4-2997 
Orlando, Fla.-CHerry 1-2128 
Philadelphia, Pa.—WAlnut 7-1820 
Phoenix, Ariz.—WHitney 6-2111 
St. Louis, Mo.—PArkview 1-6403

San Diego, Calif.—ATwater 3-2081 
San Francisco, Calif — EMerson 9-3354 
Seattle, Wash.-PArkway 3-9000 
Syracuse. N.Y.-Gibson 6-0220 
Washington, D.C.—JUniper 5-7550 
Agincourt. Canada.—AXminster 3-7011

Slotted for screw-driven adjust­
ment, type ATE 34 microminiature, 
variable toroidal inductors have a 
maximum inductance of 500 mh 
with a Q-factor greater than 55 at 
25 kc. The frequency range is 3 to 
30 kc. The units measure 27/64 in. 
in diameter and 21/32 in. in height. 
They weigh 0.1 oz. The terminal 
spacing is in modules of 0.3 in. Com­
pletely encapsulated, the units meet 
MIL-E-15305 A and MIL-T specs 
27, grade 4, class R. Designed for 
use in printed circuitry, they have 
applications in phase networks, var­
iable transformers, oscillators, dis­
criminators, and variable tuned cir­
cuits.

Burnell & Co., Dept. ED, 10 Pel­
ham Parkway, Pelham, N.Y.
Booth 2909-2910.

Semiconductor 705 
Elements

Purities are 99.9% to 99.999%

Having purities of 99.9% to 
99.999%, these semiconductor ele­
ments are available in the form of 
spheres, washers, dots, rings, or spe­
cially shaped tabs. Materials in­
clude: indium, aluminum, gallium, 
lead, tin, gold, silver, arsenic and 
composites of several materials.

Anchor Alloys, Inc., Dept. ED, 
968 Meeker Ave., Brooklyn 22, N.Y. 
Booth 4042.

Is your company announcing 
a new product?

Tell ELECTRONIC DESIGN 
about it at Booth 44044406.
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NEW PRODUCTS

ACTUAL SIZE

with

t trademark of Texas Instruments Incorporated

±0031 ±0.031 ±0062 ±0,010 ±0.031
gms.

'esting Laboratories,

< CIRCLE 131 ON READER-SERVICE CARD

case 
size

0.250
0.438
0.650
0.750

0 482 
0.688 
0.888 
0.988

0.337
0.525
0.735
0.835

0.135 
0185 
0.289 
0 351

0.322
0.510
0.722
0.822

be furnished. 
Associated

AT THE
IRE SHOW

an 
usi 
ma 
uni

Write to your nearest Tl sales 
office on your company letter­
head for Bulletin DL-C 1173 
which gives detailed specifica­
tions on the complete SCM series.

Another assurance to you of Texas 
Instruments capacitor reliability —

with KEL-F 
insulating sleeve

with Mylar 
insulating sleeve**

wire 
size 

AWG

Inc., Dept. ED, 112 Clinton Road, 
Caldwell, N.J.
Price 6- Availability: Price is $1705 
fob Caldwell. Delivery is from stock 
to four weeks.
Booth 3830-3832.

tan-TI-cap capacitors. Type SCM capacitors are 
100% tested for capacity, de leakage and dissipation 
factor, and are aged under load at elevated tempera­

ture. SCM units in all 203 standard ratings (6-35 
volts, 1 - 330 /ifd.) meet and exceed the electrical and 
mechanical requirements of MIL-C-55057 (Sig. C) 
and/or MIL-C-21720A (NAVY) specifications for 
solid tantalum capacitors.
Contact your nearest authorized Tl distributor or Tl 
sales office today for your immediate and future 
delivery requirements.

on a 
Type

MM SOMnMt I»»

Dimension A" determined by suspending»one !»imd weight from one leao and rotating the case from 
the vertical position to the horizontal position, and then repeating the procedure for th*- other lead. 
Meets an requirements of MIL C 5505/ and MIL C-2J720A including dimensions.

• | 250-hour performance load test
| sample basis of all lots of the 

—•—.—.J SCM series.
Your margin of design safety is greater

Environmental 572 
Chamber

For salt spray tests

Designed for determining the salt 
fog corrosion resistance of materials 
and components, model SS-2-5 Lu­
cite environmental chamber meets 
the requirements of specs such as 
MIL-E-5272A, QQ-M-151A, and 
MIL-STD-202A. The chamber is 
equipped with temperature controls 
and indicators. Working dimensions 
are 20 x 20 x 20 in. Larger sizes can

... expanded Tl line of type SCM 
solid tantalum capacitors meets MIL specs

AC Voltmeters 707
Gives true rms readings

Models 1761 and 2531 ac volt­
meters provide true rms reading 
even when frequencies vary or are 
distorted. Both have an accuracy of 
±0.5% of center-scale at 60 cps. 
They are temperature-compensated 
from —55 to —|-T0 C. Each unit con­
sists of a 0 to 1 ma indicator and a 
transducer designed around solid­
state circuitry. The transducer, 
which measures about 3.65 in, in 
length and 2.55 in. in diameter, can 
easily be detached from the indicator 
and remotely located. Over-all depth 
of the instrument and the transducer 
is 5.65 in. The transducer converts 
the rms value of the input to a 
squared function of the average de 
input. When designed as a sup­
pressed zero ac voltmeter with a 
range of 105 to 125 v, the trans­
ducer suppresses the output until 
the rms value is 105 v.

Weston Instruments, Daystrom, 
Inc., Dept. ED, 614 Frelinghuysen 
Ave., Newark 12, N.J.
Booth 1708-1710-1809.

Instruments
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION
13SOO N. CENTRAL EXPRESSWAY
POST OFFICE BOX 312 - DALLAS. TEXAS

+0.010 
-0 005
0.125 
0.175 
0279 
0.341

+0.020 
-0.010
0.16?
0.210
0.315
0.377

ASSURED

All lots of Type SCM 
capacitors are tested for perform­
ance stability at rated temperature 
and voltage prior to release for ship­
ment. Performed on a lot-sample 
basis, the test is run for 250 hours 
or until performance stability is es­
tablished by successive time inter­
val measurements of the principal 
parameters of each test capacitor.

CAPACITOR 
STABILITY

BY 250-HOUR 
PERFORMANCE 

LOAD TEST



Precision
Trans due er s

Metal Cabinets

At IR.E. Show Booth« 3601-03-05

for long stroke, high pressure, 
high temperature requirements.

VELOCITY
LVsyn

... special-order LVsyn and Linearsyn dis­
placement transducers can be supplied. 
Strokes up to 20” are possible ... pressure 
ratings up to 5000 psi. when transducer is 
submerged In a high pressure medium... 
operating temperature ranges as wide as 
—65eF to 4-45O°F. Consult factory, stating 
your requirements.

DISPLACEMENT
Medels 580 (top) 
and 581 (bottom)

PRESSURE
Series 26/, 268

>ns
¡an

DISPLACEMENT
Linearsyn

Epoxy Resin 704
Cures at room temperature

Type 202 medium viscosity epoxy 
resin is capable of curing at room 
temperatures with hardener type 
202/9816. This material can be used 
as a casting resin, an electrical in­
sulating resin for encapsulating, 
potting, or impregnating, and as a 
laminating resin for fiber glass prod­
ucts.

Furane Plastics, Inc., Dept. ED, 
4516 Brazil St., Los Angeles, Calif. 
Price & Availability: Price is $1.95 
per lb for orders of less than 8 lb. 
Delivery is 48 hr after receipt of 
order.
Booth 4050.

Vacuum Tube 700 
Voltmeter

Frequency range is 3 to 600 kc

Model 125A frequency-selective 
voltmeter covers the range of 3 to 
600 kc. It has both narrow and wide 
selectivity settings plus a flat volt­
meter position. Having a tunable 
mode of —90 to 4-32 dbm and a 
flat mode of —30 to 4-32 dbm, the 
instrument is suitable for carrier 
measurements, wave analysis, and 
general laboratory use.

Sierra Electronic Corp., Dept. 
ED, 3885 Bohannon Drive, Menlo 
Park, Calif.
Booth 3031-3032.

Have durable construction

These metal consoles, cabinets, 
and electronic housings are made 
using the Stress skin method which 
makes traditional joining methods 
unnecessary and provides greater 
durability. This method also helps 
eliminate accumulation of dust par­
ticles. Units are light weight.

Falstrom Co., Dept. ED, 304 Fal­
strom Court, Passaic, N.J.
Booth 4315-4317.

Linear motion transducers available from Sanborn 
Company now include the compact, ready-to-use 
flange-mounted Model 580 and threaded 581 “probe­
styles” for displacements as small as 0.00002' . .. 
thirty models (shielded and unshielded) of the rug­
ged Linearsyn differential transformer for strokes 
from ±0.005' to ±1.0', displacements as small as 
0.000001'... and twelve models of the LVsyn for 
producing a DC voltage proportional to a linear 
velocity. Features of the 580—581 probe-style units 
include 0.5% linearity; basic sensitivity at 2400 cps 
of 2.4 volts output/inch displacement/volt excita­
tion; built-in output level adjustment, phase shift 
and temperature change compensation; carbide- 
tipped stainless steel contact rod riding in jeweled 
bearings. Both the LVsyn and Linearsyn trans­
ducers are extremely durable units, immersible in 
working fluids, introduce little or no friction, and 
have infinite resolution. Standard Linearsyn coil 
lengths range from 0.564* to 6.88', LVsyn coil 
lengths from 3.16* to 22.75*.

For differential and single-ended pressure meas­
urements, Series 267 and 268 transducers for opera­
tion in a carrier sy stem offer sensitivities of 40 uv/ 
mm Hg/volt excitation and 40 uv/0.1 mm Hg / volt 
excitation. Compact, Monel cases have standard 
Luer connectors.

Contact your local Sanborn Sales-Engineering Repre­
sentative for bulletins containing complete facts or 
write the Sanborn Industrial Division in Waltham. 
Sanborn Sales-Engineering Representatives are located 
in principal cities throughout the U. 8., Canada and 
foreign countries.

SANBORN COMPANY

Do you have an “Idea for De- 
îign”?

Come to ELECTRONIC 
DESIGN Booth 4404-4406.

CIRCLE 132 ON READER-SERVICE CARD ►
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you limit compromise by u

G-E 7077PROOF IT

over a wide spectrum of fi

566

IF stria7077

PULSED AGC

TIMER

VARIABLE 

ATTE»

CALIBRATED 
DELAY LOOP

LOCAL PULSE 
INPUT

Standardized 
Circuit Tester

Planning to write an article? 

StopbyELECTRONIC DESIGN 
Booth 4404-4406.

Miniature Pentodes 686
Voltage range is 300 v to 10 kv

RF VARIABLE VARIABLE
SWITCH ATTE» ATTE»

Designed for use in high-voltage 
regulator circuits and as high-volt­
age amplifiers, types 7234, 6842, and 
7683 cover a voltage range of 300 v 
to 10 kv and have transconductances 
as high as 5000 pmhos. The units are 
suitable for critical applications.

The Victoreen Instrument Co., 
Dept. ED, 5806 Hough Ave., Cleve­
land 3, Ohio.
Booth 2234.

Include a variety of instruments

These standardized, pocket-sized, 
circuit testers include: volt-ohm- 
meters, volt-ohm-milliammeters, in­
sulation testers, and foot-candle me­
ters. These instruments handle any 
current to 20 amp and any voltage 
from 30 mv to 750 v. Each unit is 
fitted with five-way binding posts for 
connections by wire, plug, pin, or 
jack.

Weston Instruments, Daystrom, 
Inc., Dept. ED, 614 Frelinghuysen 
Ave., Newark 12, N.J.
Booth 1708-1710-1809.

I 0

WIDE-BAND TAPE RECORDER.

For Lockheed, California Division, 28 General Electric 
7077’s serve as pre-amplifiers in a 14-channel 500-kc 
60"-per-second tape recorder that stores wide-band 
information from an air defense exercise five times as 
rapidly as before. Extreme requirements of frequency, 
timing accuracy, and reproducibility are met by the 
7077’s low noise, high impedance, and high Gm* Also, 
the tube’s small size matches the miniaturization needs 
of the Lockheed tape-recorder equipment.

GROUND-SURVEYING RADAR.

Motorola’s Western Military Electronics Center in 
Phoenix uses four General Electric ceramic 7077’s for 
high-speed RF switching and pulse attenuation in a 
440-mc distance measuring circuit where timing to 
one billionth of a second is needed for pulse delay meas­
urement. Minimum plate-to-cathode capacitance, high 
gain, low noise, and a configuration that makes the 
tube ideal for grounded-grid service, were reasons 
back of Motorola’s choice of the G-E 7077.

MU

Rai 
cer 
RF 
air 
Pai 
net



involves trade-offs

using ceramic tubes

meets designers’ targets
Beam-Power Pentodes 571

•f frequency and function

PARSONS

MISS-DISTANCE INDICATOR.

ELECTRICGENERAL

Ralph M. Parsons Company’ uses seven General Electric 
ceramic 7077’s in tuned stages as high-gain, low-noise 
RF amplifiers in its PARAMI system for determining 
air-intercept missile accuracy. A 324-mc circuit, the 
Parsons PARAMI system has a gain-bandwidth prod­
uct approaching the limit of the state of the art.

UHF 
DISTRIBUTED 
AMPLIFIER.

Many receivers—one antenna, with Temco Electronics’ 
broadband distributed amplifier. Arranged in six five­
stage units, 30 G-E 7077’s are used as RF amplifiers, 
operating over a 750 me bandwidth, between 250 and 
1000-mc. Fills the frequency gap between TWT’s and 
existing distributed amplifiers.

Receiving Tube Department Office:

Acoustic-Noise 699 
Test System

Produces 150-db intensity

Model AN-RV-15 acoustic-noise 
test system, designed to duplicate 
soimds present near jet and missile 
engines, produces sound pressure 
levels up to 150-db over-all intensity 
within eight octave bands. These 
bands cover a frequency range of 
37.5 to 9,600 cps. The system has 
15 cu ft of test space and accommo­
dates specimens up to 44 in. long.

Associated Testing Laboratories, 
Inc., Dept. ED, Caldwell, N.J.
Booth 3830-3832.
< CIRCLE 133 ON READER-SERVICE CARD

Deliver up to 45 w

Type 7591 beam-power pentodes 
deliver up to 45 w with less than 
1.5% distortion. Designed for use in 
audio amplifiers, the tubes operate 
at a rated screen dissipation of 3.3 
w; screen dissipation of 6 w is per­
missible during periods of maximum 
input. A highly conductive copper­
core material eliminates hot spots on 
the plate. The tubes use a T-9 glass 
bulb and an octal base; they can be 
mounted in any position.

Westinghouse Electric Corp., 
Electron Tube Div., Dept. ED, P.O. 
Box 284, Elmira, N.Y.
Booth 1402-1607.

Modulating Anode 702 
Pulser

For use with anode klystrons

Designed for use with modulating 
anode klystrons, model 278M anode 
pulser provides swings from —65 to 
4-32.5 kv at a pulse repetition rate 
of 385 pulses per sec. Pulse width 
is selected from a range of 4 to 54 
psec. Pulse rise and fall times are 
less than 1.2 psec and pulse tops are 
flat within 2%. Made in tank form, 
the unit contains the klystron socket, 
klystron filament transformer, isolat­
ing transformers, and other facilities 
of a complete self-contained modu­
lar unit.

Levinthal Electronic Products, 
Inc., Dept. ED, Stanford Industrial 
Park, Palo Alto, Calif.
Booth 3003.
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Transducers
For underwater applications

Cathode Ray Tube

250

accelerator voltage of 500 post accelerator
mA/V

mA/V

WuMarti
AVAILABLE FROM

Mullard
WH

142
LEC

Type K1951 3-in. cathode ray tube, designed 
for oscilloscopes and other instruments, has anmA 

mA

SUPPLIES
In the U.S.A

200
200

triode , 
pentode

ELECTRONIC DESIGN • March 16, 1960

Jí.l-tó 9.Í
Triode section

The Dual-D underwater transducer provides 
orthogonal beams for supersonic sensing of sea­
bottom depth simultaneously with forward ob­
stacle detection. One transducer element, operat­
ing at 200 kc, provides a sensing beam for depth 
of water measurements. Another, operating at 
300 kc, provides a horizontal forward beam of 
about 8 deg, angular spread. Both elements are 
encapsulated in a common epoxy housing. The 
elements are mounted to eliminate interference. 
The housing and mounting stud are nonmetallic.

Advanced Acoustics Corp., Dept. ED, 67 E. 
Centre St., Nutley, N.J.
Booth 2818-2820.

voltage of 1500 v, and a focusing voltage of 25 
to 125 v. The tube has a flat face and is electro­
statically focused and deflected. Deflection volt­
ages are less than 15 v in either direction. Line 
width is 0.03 in. max. The tube has a linear-post 
accelerator for maximum deflection uniformity 
and minimum pattern distortion.

Allen B. DuMont Labs., Inc., Electron Tube 
Sales Dept., Dept. ED, 750 Bloomfield Ave., Clif­
ton, N.J.
Booth 3901-3905.

Thinking about an editorial career?

Visit ELECTRONIC DESIGN at Booth 
4404-4406.

International Electronics Corporation 
81 Spring Street, New York 12, N.Y. 
Worth 6-0790.
In Canada
Rogers Electronic Tubes A Components 
116 Vanderhoof Avenuv, Toronto 17, Ontario 
Hudson 5-8621.

Combined triode and output pentode with 
separate cathodes intended for use as 
a combined a.f. amplifier and output tube 
or frame oscillator and output tube.
characteristics
Pentode section

BRITAINS FIRST CHOICE FOR FIRST EQUIPMENTS
TORRINGTON PLACE. LONDON, ENGLAND

CIRCLE 134 ON READER-SERVICE CARD *

ELECTRONIC TUBES
MULLARD OVERSEAS LTD., MULLARD HOUSE



from PSL.. Very High Voltage Cartridge Rectifiers

NO VOLTAGE DERATING

EXTREMELY RUGGED NON-METALLIC “COLD” CASEsea-

EASY-TO-MOUNT • USE IN PRINTED CIRCUITSWIRE-IN LEADSerat-

Nine types...1,000 tn 10,000 VOLTS
n of

are

;nce.
ACTUAL SIZE

FUST DELIVERY
IN PRODUCTION QUANTITIES!

and Special Encapsulations Ring Modulators,
Bridge Rectifiers, Matched Pairs and Quads,

rator

IRE BOOTHS 2742-2744ctro-

Line

A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC.

LECTRONIC DESIGN

Types 1N2383 
and 1N2384 
Length 1.5* 
Diam. .500*

Types IN1730 
and 1N1731 
Length .50* 
Diam. 375*

Types 1N1732 
and 1N1733 
Length 1.0* 
Diam. .375*

Types 1N1734 
and 1N2382 
Length 1.0* 
Diam. 500*

Type 1N2385 
length 2.0* 
Diameter 

.500*

Contact one of these PSI 
Distributors for fast 

delivery at factory prices!

Phone, wire or write for detailed specifications, 
curves, prices and delivery schedules.

Also ask about the extensive line of PSI Standard

March 16. 1960

Leads: All Types 
030* diameter 
minimum length

DALLAS — 2681 F ree wood Dr.
P.O. Box 6067 • Riverside 7-1258

PSI Authorized Distributors from coast-to-coast can supply up to 
Distributor List in adjacent column.

BOSTON — 471 Washington Street, 
Wellesley 81 • CEdar 5-0171

PALO ALTO-701 Welch Road.
Suite 305 • DA venport 1-2240

999 units at factory prices. See

TEMPERATURE RANGE

PHILADELPHIA - 320 Huntingdon
Fike, Rockledge • Pilgrim 2-8089 

TWX: ROCKLEDGE PA 1064

No need to “over specify’ ’ for voltage derating con­
siderations! These PSI 1N1730 and 1N2382 silicon 
rectifier series provide the lowest voltage drop, the 
highest current ratings and best reverse leakage 
characteristics of any available types.

The component diode strings are welded and 
packaged in non-metallic cases. The units are com­
pact, light weight and easy to mount. With no heat 
sink requirements they are particularly suited to 
printed circuit board applications.
Electrical Specifications

BALTIMORE - 1811 North Rolling 
Road, Windsor Building • 

Windsor 4-3622
MADEIRA BEACH, FLA.-P.O Box 

8215 • WAverly 1-9735
OTTAWA-227 Lauier Ave., West • 

CE 2 8504 
CHICAGO-6957 W. North Avenue, 

Oak Park, Illinois • Village 8-0750 
TWX OPK 1547

NEW YORK-2079 Wantagh Ave., 
Wantagh, L. I., SUnset 1-7470 

TWX: WANTAGH NY 2320

PSI AUTHORIZED 
DISTRIBUTORS

PEERLESS RADIO DISTRIBUTORS, INC. 
Jamaica 33, New York

PIONEER ELECTRONIC SUPPLY CO.
Cleveland 15, Ohio

RADIO SPECIALTIES COMPANY, INC. 
Alamogordo, New Mexico

RADIO SPECIALTIES CORP. 
Phoenix, Arizona

RADIO SPECIALTIES, INC. 
Albuquerque, New Mexico

ROCHESTER RADIO SUPPLY CO.. INC.
Rochester 5, N Y.

SEATTLE RADIO SUPPLY, INC- 
Seattle, Washington

SREPCO, INC.
Dayton 4, Ohio

STANDARD RADIO PARTS, INC.
Tucson, Arizona

STANDARD SUPPLY COMPANY 
Salt Lake City 10, Utah

STERLING RADIO PRODUCT. INC.
Houston 1. Texas

SYRACUSE RADIO SUPPLY CO.
Syracuse, New York

TERMINAL ELECTRONICS INC.
New York 11, N.Y.

WHOLESALE ELECTRONIC SUPPLY 
Dallas, Texas

WHOLESALE RADIO PARTS COMPANY 
Baltimore, Maryland

DETROIT-1204 No Woodward.
Royal Oak • Lincoln 8-4722

LOS ANGELES-8271 Melrose Ave.
OLive 3-7850

ACK SEMICONDUCTORS, INC. 
Birmingham, Alabama

ACK RADIO SUPPLY OF GEORGIA, INC.
Atlanta, Georgia

ALLIED RADIO CORPORATION 
Chicago 80, Illinois

ALMO RADIO CORPORATION 
Philadelphia 7, Pennsylvania

CRAMER ELECTRONICS, INC. 
Boston 16, Massachusetts

DENVER ELECTRONIC SUPPLY CO.
Denver 4, Colorado

ELECTRO SONIC SUPPLY CO., LTD.
Toronfj 5, Ontario. Canada

ELECTRONIC SUPPLY 
Melbourne, Florida

ELECTRONIC SUPPLY CORP.
Pasadena, California

ELECTRONIC WHOLESALERS, INC.
Washington 1, D.C.

ELMAR ELECTRONICS. INC. 
Oakland, California

FERGUSON ELECTRONIC SUPPLY CO. 
Detroit 38, Michigan

GENESEE RADIO & PARTS CO., INC.
Buffalo 16, New York

GRAHAM ELECTRONIC SUPPLY, INC. 
Indianapolis 25, Indiana

KIERULFF ELECTRONICS, INC.
Los Angeles, California
LEW BONN COMPANY 

Minneapolis, Minn.
OIL CAPITOL ELECTRONICS 

Tulsa 16 Oklahoma

Resistive or inductive load 
OTHER SPECIFICATIONS 
Continuous DC voltage same as PIV 
Maximum surge current (8msec ) at 100’C: 2.5 amperes. 
Operating temperature range: -55*C to 150JC

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS

EIA 
TYPE 

NUMBER

Peak 
Inverse 
Voltage 

(V)

Maximum 
RMS Inpul 

Voltage­
tv)

Maximum 
Average Rect. 
Current* (mA) Max. DC Fwd 

Voltage Drop 
(a 100mA DC 

@ 25C

M.n DC 
Rev. Current 

é Rated PIV (im)

1

(a 25 C @ 100 C @ 25 C @ 100°C

1N1730 1000 700 200 100 5 10 100

1N1731 1500 1050 200 100 5 10 100

IN1732 2000 1400 200 100 9 10 100

1N1733 3000 2100 150 75 12 10 100

1N1734 5000 3500 100 50 18 10 100

1N2382 4000 2800 150 75 18 10 100

1N2383 6000 4200 100 50 27 10 100

1N2384 8000 5600 70 35 27 10 100

1N2385 10000 7000 70 35 Î3 10 100
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SINGLE-TURN POTENTIOMETERS

Serie« 304 wer
Serie* 319 (2 gang)

Pulse Generator
Repetition rates are 1 cps to 10 me

Mici

MULTIPOT® POTENTIOMETERS

Series 410 Series 450 For complete specifications write for Data File ED-880-1

IRE Show: Booth 1704-1706

CIRCLE 136 ON READER-SERVICE CARD

Series 341
I (3 turn)—• 
•<■-(10 turn)

P; lo /
B oth

Do you have a handy nomograph?
Bring it to ELECTRONIC DESIGN, Booth 
4404-4406.

5 Fot 
Price 
The t 
Boot!

ELECTRONIC DESIGN • March 16, 1960

Model B-5A pulse generator has continuously 
variable pulse repetition rates from 1 cps to 10 me 
in seven ranges. Rise and fall time is less than 8 
mpsec. The unit has an electronic pulse delay 
that can be set to zero or is continuously variable 
from 0.03 to 500 psec in five ranges. The pulse 
width is continuously variable from 0.02 to 12.5 
usee in four ranges.

Rutherford Electronics Co., Dept. ED, 8944 
Lindblade St, Culver City, Calif.
Booth 3834.

made 

uratec

for low-cost requirements in general test equipment and computer applications. 

All the MULTIPOT potentiometers provide a high degree ot reliability and accuracy 
without the penalty of premium price. Precision winding techniques ensure 
exceptional resolution and desirable performance characteristics in a small, 
efficient package.

Designed to function in control systems where 
the energizing signal is too slight to operate con­
ventional relays, this switching galvanometer has 
a sensitivity as low as I pa full scale. It energizes 
a 50-w relay and can directly control a magnetic 
switch. The instrument is suitable for applications 
requiring close control of temperature. The move­
ment of the indicator pointer is controlled by mag­
nets in the permanent contact, making possible 
slow contact closing.

The Hickok Electrical Instrument Co., Dept. 
ED, 10617 Dupont Ave., Cleveland 8, Ohio.
Booth 3616-3618.

for high resolution, minimum space requirements in airborne, missile, and ground 
instruments and systems applications where stability is a vital requirement.

These tiny SQUARETRIM models have an exclusive square shape for optimum 
packaging that allows stacking as many as twenty units into one cubic inch 
Other features, more accurate trimming—almost one-third more turns per sweep 
than conventional models... greater stability through an exclusive worm gear 
adjusting device and the unique circular design of the mandrel.

Seri** 300 Series 301 Series 315

highest quality potentiometers, designed for exceptional linearity and maximum 
reliability and accuracy in applications where space is at a premium.

These series are small, compact, highly precise potentiometers. Typical examples: 
Series 304 utilize precision winding techniques that give linearity from 03% 
to 3%; a design that provides at least a 500,000 cycle service life. High tem­
perature Series 314 (— 55 C to +250 C) meets or exceeds latest environmental 
military specifications. Series 319 can be ganged without the use of bulky clamp 
rings... with each wiper positioned independently to meet any phasing need.

for rigorous temperature, altitude and vibration requirements in aircraft and 
missile applications

Smallest package of its type, the Series 341 meets the most exacting perform­
ance requirements and is built to withstand severe vibrations or shock, eliminate 
backlash and reduce phase shift to negligibility. Standard models are ten-turn; 
models also available in 3 and 5 turns.

cordi 
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SQUARETRIM POTENTIOMETERS
“the world’s smallest trimmers’’

Switching Galvanometer
Sensitivity is 1 |ia

MULTI-TURN HIGH PRECISION 
POTENTIOMETERS

A complete, flexible product line of reliable, precision 
subminiature potentiometers from DAYSTROM

More than 32 basic models... many exclusive and unique features 
over 252 variations for military ami industrial use.
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Model BSA-850 direct-writing, rectilinear re­
cording system has 8 channels. The recording ele­
ments consist of seven of the firm’s OS-600 oscillo­
graph units and one OS-610 oscillograph unit; 
signals of 0 to 100 cps are recorded on true rec­
tangular coordinates. The transistorized driver 
amplifiers may be used differentially or single- 
ended. Interchangeable plug-in preamplifiers in­
clude de, ac carrier and chopper. Chart speeds 
can be selected from 0.5 cm per hr to 200 mm 
per hr. The unit measures 23.5 x 22 x 62 and 
weighs 350 lb without preamplifiers.

Cohu Electronics, Inc., Massa Div., Dept. ED, 
5 Fottler Road, Hingham, Mass.
Price ¿r Availability: Price is from $4750 to $5050. 
The unit can be delivered in 30 days.
Booth 3609-3611.

«
«mui® n««»

Microwave Amplifier Tube 621
For airborne use

Type VA-824B microwave amplifier tube is 
made for use in airborne systems. Mid-band sat­
urated output is 5 w; power gains are up to 10 
db. The basic operating range is 9.78 to 9.82 
kn c. Convection cooling is employed. The tube 
ca i be used in continuous or pulse-modulated 
an plification or for synchrodyne or serrodyne fre- 
qi ency shifting. It weighs 9 oz and measures 
1- /2 x 2-1/4 x 3-3/8 in.

Varian Assoc., Dept. ED, 611 Hansen Way, 
P; o Alto, Calif.
B oth 2710-2720.
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TYPICAL LOAD AND VOLT- 
AGE CORRECTION—output 
setting, 115 v—load change, 
0 to 8.5 a, unity power factor 
—input change, 115 to 95 v.

TYPICAL VOLTAGE COR­
RECTION—output setting, 
115 v—load, 8.5 amps, unity 
power factor—input voltage 
change, 115 to 135 v.

New General Electric Sta-Vo-Trol 
regulator gives you maintenance-free, 
automatic, static voltage control using 
unique rate feedback and industry- 
proven zener diode sensing.

Static components eliminate tubes, 
brushes, and other moving parts.

Sta-Vo-Trol regulators assure you 
reliable, constant voltage—regardless 
of line or load fluctuation—giving 
optimum performance of critical 
military and commercial electronic 
equipment.

Sta-Vo-Trol REGULATOR 
SPECIFICATIONS:

• Rating: 1 Kva output, 0 to 8.5 ampere», 
single phase, 60 cycles ^5%

• Input range: 95 to 135 volts

• Output range: 115 volts normal, 110 
to 120 adjustable
• Accuracy: =*=0.25% bandwidth}

• Response time: 6 to 12 cycles}

• Load power factor range: 0.5 lagging 
to unity
• Wave-form distortion: 3%
t ±0.25% bandwidth for any lino and load 

changes at constant power factor; ±0.5% 
bandwidth for changing load power factor.

(6 to 12 cycles for 63% correction after ordi­
nary line and/or load changes; up to 30 
cycles for complete correction.

NET PRICE—$475
(type SLR-1000)

World-wide General Electric applica­
tion and service facilities are avail­
able to you. For more information 
about the benefits of specifying G-E 
Sta-Vo-Trol voltage regulators for 
your application, write to Section 
425-25, General Electric Co., Sche­
nectady, N. Y.
* Trademark of General Electric Company for 

static voltage regulators.

GENERAL^ ELECTRIC

CIRCLE 138 ON READER-SERVICE CARD
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terminal boards, connectors, pin blocks
headers, with or without inserts!

Sweep range is 2 sec to 0.1 psec per cm

Here are 4 versions of custom-molded, all-epoxy sub-components

lias a

50 lb.wei

CIRCLE 139 ON READER-SERVICE CARD

I LEC14Ó

In addition to conventional “straight 
through" leads, headers can be de­
signed where the leads take a bend 
through the body of the header.

Epoxy Products, originator of the famous all epoxy E-Pak 
encapsulation system, now offers its wide experience 
and equipment for the custom-molding of specialized 
epoxy sub components. These sub components can be 
molded with a wide variety of inserts (produced in our 
own precision metal working facilities) to fit your par-

NEW PRODUCTS at the ire show

ticular requirements. Every unit is delivered in finished 
form, tested and ready for reliable use with your 
component.

Let us design to meet your special requirements, 
in all materials including fire resistant and colored epoxy 
compounds. Write today for further information.

Dissimilar leads may be welded to­
gether so that the bond between them 
can be molded into the header for 
additional strength.

Header leads are embedded to fit a 
standard seven-pin miniature socket. 
A wide choice of epoxy formulations, 
for use with copper, brass, silver, 
gold-plated metals, etc., is available.

Allied Radio Corp., Dept ED, 100 N. Weston 
Ave., Chicago 80, Ill.
Price & Availability: Supplied in kit form, the 
unit is priced at $285 and is available from stoik. 
Booth 3915-3917.

Headers have been made with shoul. 
der ridge that is molded to fit into 
and support the case. A threaded 
brass insert may also be molded into 
the header to fit the female end of 
the component.

ELECTRONIC DESIGN • March 16, 1960

sweep range of 2 sec to 0.1 psec per cm. Response 
is to 10 me and sweep-timing accuracy is adjust­
able to 1%. The unit has plug-in interchangeable 
vertical amplifiers. The timing markers are crys­
tal-controlled. Operation is from 110 to 120 v ac, 
dimensions are 16 x 12-3/8 x 19-1/2 in., and

137 Coit St., Irvington, N. J. • ESsex 5-6000

Model BSA-250 two-channel, portable recording 
system is for the rectilinear reproduction of elec­
trical and physical phenomena. Speeds are: 0.5, 
2, 5. 20, 50. and 200 mm per sec. Interchangeable 
plug-in preamplifiers are employed. Built-in, 
equalized driver-amplifiers are used. The power 
required is 105 to 125 v at 60 cps, 60 w. The unit 
weighs 45 lb.

Cohu Electronics Inc., Massa Div., Dept. ED, 
5 Fottler Road, Hingham, Mass.
Price 6- Availability: Price is $1050. Delivery is 
in three weeks.
Booth 3609-3611.

Recording System
For rectilinear reproduction

PRODUCTS
A DIVISION OF JOSEPH WALDMAN 4 SO N S
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PaMdcno
Newark Electric CoM^My 

Inglewood
Pacific Wholeeale Co.
San Francisco
San Delco
San Diego
Shanks I Wright, Inc.

San Diego
Valley Electronic Supply Co. 

Burbank
CONNECTICUT
Sun Radio * Electronics Ca^ Inc. 

Stamford
The Bond Radio Supply, lac. 

Waterbury
FLORIDA
Electronic Supply

Melbourne; brunches la 
Miami, Orlando, St. Petorsbarp

ILLINOIS
Morquip Company

Chicago
Newark Electric Co.

Chicago
INDIANA
Brown Electronics, Inc.

Fort Wayne
Graham Electronics Supply, Inc. 

Indianapolis
IOWA
Deeco, Inc.

Cedar Rapids
MARYLAND
Radio Electric Service Co.

Baltimore
MASSACHUSETTS
Tho Greene-Shaw Co^ Inc.

Newton
NEW YORK
Delbum Electronics, lac.

New York City
Hudson Radio A TalavWua Corp.

New York City
Sim Radio A Electraakc Ca^ lac. 

New York Qty
OHIO
Buckeye Electronics Distributora 

Columbus
The Mytronic Co. 

Cincinnati
Pioneer Electronic Supply Co.

Cleveiand
OKLAHOMA
Oil Capitol Eloctroaics 

Tulsa
PENNSYLVANIA
D I H Distribatla« Cat 

Harrisburg
Korbach A Rudmaoa. lac.

Philadelphia
TEXAS
Scooter's Radio A Supply Co.

Fort Worth
WASHINGTON
Seattle Radio Sopply Co.

Seattle
WISCONSIN
Radio Parts Co^ lac.

Milwaukee

Distributor DMtfon
IN2TRUM2NT 

CORRORATION 
240 Wytha Avenu« 
Broolclyn 11, N.Y.

ELECTRICAL CHARACTERISTICSMAXIMUM RATINGS

PIV Up to

conductivity

400 ma

designed to meet USAF MIL-E-11143 specs

low 
leakage

0

silicbn 
power 

diode/rectifiers

GENERAL INSTRUMENT C ORPORATION

•Resistive or inductive load

These fine silicon diode/rectifiers 
meet and exceed the USAF specs... and retain 

their outstanding characteristics 
and reliability at temperatures

JEDEC 
TYPE 
NO.

PEAK 
INV.

VOLT- 
AGE 
(V)

MAX. AVG. 
RECTIFIED 

CURRENT (mA)*
@ 25° 

C.
@ 150° 

C.

of 150° C. and more! Complete technical 1N645 225 400 150

information on these and other 1N646 300 400 150
IN647 400 400 150

General Instrument semiconductors 1N648 500 400 150
is available upon request. 1N649 600 400 150

MINIMUM 
SATURA­

TION 
VOLTAGE 

@ 100° C. 
(VOLTS)

MAXIMUM 
REVERSE 
CURRENT 

@ PIV (UA)

MAXIMUM 
VOLTAGE 

DROP 
@ 400 ma 

DC 
@ 25° C. 
VOLTS DC

@ 25° 
C.

@ 100° 
c.

275 0.2 15 1.0
360 0.2 15 1.0
480 0.2 20 1.0
600 0.2 20 1.0
720 0.2 25 1.0

Semiconductor Division
GENERAL INSTRUMENT CORPORATION
65 Gouverneur Street, Newark 4. N J
Midwest off'Ce 5249 West Div^soy Ave ' • ; 3 •
Western office 119S2 W .r re Blvd L< A ¡ ’•

Visit us at Ao IRE Show, Booth UI »-24
CIRCLE 141 ON READER-SERVICE CARDCIRCLE 140 ON READER-SERVICE CARD
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NEW PRODUCTS
AT THE IRE SHOW

For Go/No-Go testing

COM-PAK
POWER SUPPLIES

Vil

OVi

Condensed Dota
UNE REGULATION

LOAD REGULATION

INTERNAL IMPEDANCE
VlTi

AMBIENT TEMPERATURE

AC INPUT 105-125 VAC, 50-400 CPS •re
size

the unit 40 to +75 C without

SEND FOR COMPLETE 32-PAGE CATALOG

LAMBDA ELECTRONICS CORP
4 CIRCLE 142 ON READER-SERVICE CARD

C- 200 Series 
C- 400 Series
C- 800 Series 
C-1500 Series

Less than 6 ohms.
Less than 3 ohms.
Less than 1.5 ohms.
Less than 0.75 ohms.

(unmetered)
MODEL C-880:
MODEL C-881:
MODEL C-882:

Better than 0.15% or 0.3 
Volt, whichever is greater.
Better than 0.25% or 0.5 
Volt, whichever is greater.

Contains full information and specifications on Lambda's full 
line of transistor-regulated and tube-regulated power supplies.

200 MA MODELS NEED ONLY 5%" OF PANEL HEIGHT!

1.5 AMPERE MODELS NEED ONLY 8%" OF PANEL HEIGHT!

400 MA MODELS NEED ONLY SU" OF PANEL HEIGHT!

For all power supply needs 
through 1.5 amperes:

(metered)
MODEL C-280M: 0-200 VDC. 0-200 MA. 214.S0 
MODEL C-281M: 125-325 VDC, 0-200 MA. 189.50 
MODEL C-282M: 325-525 VDC. 0-200 MA. 199.50

Fills the need for compact, regulated DC power sup­
plies. Economy of panel space, functional simplicity, 
new quick-service features.

Wiring, tubes and other components readily acces­
sible. You can reach them easily, service them fast.

400 MA, 800 MA, and 1.5 ampere models include 
new, high-efficiency, long-life, hermetically-sealed 
semi-conductor rectifiers. All Com-Pak models are 
constructed with hermetically-sealed magnetic com­
ponents and capacitors for long trouble-free service.

* metered)
MODEL C-880M: 0-200 VDC, 0-800 MA. 370.00 
MOTEL C-881M: 125 325 VDC, 0-800 MA.345.00 
MODEL C-882M: 325-525 VDC, 0-800 MA.390.00

Less than 3 millivolts rms.
Either positive or negative 
may be grounded.
Continuous duty at full load 
up to 50°C (122’F) ambient.

800 MA MODELS NEED ONLY 7" OF PANEL HEIGHT!

(metered)
MODEL C-1590M: 0-200 VDC, 0-1500 MA. 580.00 
MODEL C-1581M: 125-325 VDC, 0-1500 MA.605.00 
MODEL C-1582M: 325-525 VDC. 0-1500 MA.680.00

(metered)
MODEL C-480M: 0-200 VDC, 0-400 MA .289.50 
MODEL C-481M: 125-325 VDC, 0-400 MA.274.50 
MODEL C-482M: 325-525 VDC, 0-400 MA.289.50

RIPPLE AND NOISE 
POLARITY .............

0-200 VDC, 0-800 MA 340.00 
125-325 VDC, 0-800 MA. 315.00 
325-525 VDC, 0-800 MA. .360.00

compensatory equipment. Each mi­
nor aperture offers an output level 
up to 100 mv at several volts. Only 
copper and toroidal ferrite cores are 
used.

Amp, Inc., Dept. ED, Harris­
burg, Pa.
Booth 2527-2531.

(unmetered)
MODEL C-280: 0-200 VDC, 0-200 MA.. 184.50
MODEL C-281: 125-325 VDC. 0-200 MA.. 159.50 
MODEL C-282: 325-525 VDC. 0-200 MA. .169.50

Three voltage ranges: 
1-200, 125-325, 325-525 VDC

(unmetered)
MODEL C-480: 0-200 VDC, 0-400 MA. .259.50
MODEL C-481: 125-325 VDC, 0-400 MA. .244.50
MODEL C-482: 325-525 VDC, 0-400 MA. .259.50

AC OUTPUT 
(unregulated)........

C- 200 Series 
C- 400 Series 
C- 800 Series 
C-1500 Series

ver
uit

(unmetered)
MODEL C-1580: 0-200 VDC, 0-1500 MA.550.00
MODEL C-1581: 125-325 VDC, 0-1500 MA.575.00
MODEL C-1582: 325-525 VDC, 0-1500 MA.650.00

OVERLOAD PROTECTION AC and DC fuses; built-in 
blown-fuse indicators.

Model 1500 transistor test set, for 
Go/No-Go operation, can handle 
500 transistors per hr, performing 
ten tests on each. It is accurate to 
1%. Specimens can be either silicon 
or germanium, npn or pnp. Diodes 
can also be tested. Power rating is 
0 to 100 v at 0 to 0.1 amp. Sequenc­
ing can be automatic or manual.

Optimized Devices, Inc., Dept. 
ED. 864 Franklin Ave., Thornwood. 
N.Y.
Price ir Availability: Availability is 
two to three months. Price ranges 
from $7000 to $10,000.
Booth 3016.

6.5 VAC (at 115 VAC Input)
10 AMP
15 AMP
20 AMP
30 AMP

Less space! Improved performance! 
Long, trouble-free service! 

Transient free output!

Shift Register 658
Uses magnetic elements

This shift register, using magnetic 
elements, pennits a nondestnictive 
output, both dynamic and static, 
plus any serial-parallel, input-output 
combination. Temperature range of

RR RR



Microwave Diodes

CASE TEMPERATURE-°C

New

riges

Silicon Rectifiers

hout

level

RADIO CORPORATION OF AMERICAs are
Motorola Semiconductor SEMICONDUCTOR AND MATERIALS DIVISION SOMERVILLE, N. J

UT1S

eration with U. S Army Signal Corps, on an Industrial 
Preparedness Measure for military devices.

All 12 new RCA Silicon Power Transistors are avail­
able in production quantities. Contact your RCA Field 
Representative today for complete sales information. 
For additional technical data, write RCA Commercial 
Engineering. Section C-18-NN-2, Somerville, N. J.

matched pair.are furnished

’roducts Div., Dept. ED, 5005 E 
vlcDowell Road, Phoenix, Ariz.
tooth 1114-1115.

v ironmen tai protection.
Sylvania Electric Products 

Dept. ED, 730 Third Ave., 
York 17, N.Y.
Booth 2322-2332, 2415-2425.
Booth 1914.

g « 
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dive 
atic,

2N1487 
2N1488 
2N1489 
2N149O

AVAILABLE. TOO. THROUGH YOUR AUTHORIZED RCA DISTRIBUTOR
Visit RCA at th* N«w York IRE Show -Booth 1601-1608; 1701-1707

Available in both forward and re­
verse polarities, they virtually elim­
inate local oscillator noise and pro­
vide a receiver system with an 
over-all noise figure of 7.5 db at 
16,000 me. Types 1N78D and 
1N78DR isolate the antenna and 
local oscillator terminals. Maximum 
operating temperature is 150 C. The 
devices have hermetic seals for en-

2N1483 
2N1484 
2N1485 
2N1486

2N1479 
2N148O 
2N1481 
2N1482nng 

e to 
icon

Zable Covering 657
For break-outs, branch-outs, and 

splices

The Protechtor covers offer pro­
tection for break-outs, branch-outs, 
md splices. They can be supplied 
vith two or more legs and in con­
ventional T, Y, and fork-designs. 
They come in a full range of sizes.

Zippertubing Co., Dept. ED, 752 
S. San Pedro St., Los Angeles 14, 
Calif.
Availability: The product is now in 
production.
Booth 4044.

12 new N-P-N diffused-junction mesa transis­
tors featuring low saturation resistance • 
high-temperature performance • high cur­
rent beta • high power-handling capability
Out of RCA's broad experience in diffused silicon mesa tech­
niques comes a comprehensive new line of medium, inter­
mediate and high power silicon transistors, featuring low 
saturation resistance characteristics and high collector-cur­
rent and voltage ratings

For additional design flexibility these new RCA silicon 
transistors provide a choice of voltage ratings, beta and 
saturation resistance ranges.

The broad adaptability of these new RCA silicon types 
opens the way to a wide variety of high-temperature appli­
cations in industrial and military equipment They are par­
ticularly useful in power switching circuits such as dc-to-dc 
converters, inverters, choppers, solenoid drivers and relay 
controls; oscillator, regulator, and pulse-amplifier circuits, 
and as class A and class B push-pull amplifiers for servo and 
other audio-frequency applications.

RCA Silicon Power Transistors were developed in coup-

Have low-noise figure

These Ku-band silicon microwave 
diodes, for radar and missile systems,

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS
East: 744 Broad St. Newark, N J, HUmboldt 5-3900 • Narthaatt 64 "A” St., Needham Heights 94, Mass, Hillcrest 4-7200 • East Central 714 New Center Bldg.. Detroit 2, Mich. 
TRinity 5-5600 * Central Suite 1154 Merchandise Mart Plaza, Chicago III., WHitehall 4-2900 • West 6355 E Washington Blvd, Los Angeles, Calif, RAymond 3 8361 • SMttaaal 
7905 Empire Freeway, Dallas 7, Texas, FLeetwood 2 8663 • Cav't: 224 N Wilkinson Street, Dayton, Ohio. BAIdwm 6-2366 1625 "K” Street, N W, Washington, DC, District 7-1260

Are rated at 750 ma

Types 1N2611 through 1N2615 
silicon, diffused-junction rectifiers 
are rated at 750 ma. Available in 
sizes from 200 to 600 v, they have 
high-surge handling capacity and 
very low back current. The units are 
suitable for use in communication 
equipment, computers, magnetic 
amplifiers and other applications 
which require reliable operation to 
175 C.

SILICON 
POWER 
RANSISTORS

NEW
60

Communications

Mobile
Electronics
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NEW PRODUCTS
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Power Klystron 622
Gain is 50 db NOWiU C.P. Clare & Co.• • □

Tunable over 1000 mc, type VA- 
823 cvv power klystron has a gain of 
50 db and a low noise figure. A 
series of these units can be used to 
cover the range of 8 to 10 kmc. 
Power output is 5 kw. Other specifi­
cations include: integral cavity con­
struction, liquid cooling, and auto­
matic focusing. The unit measures 
3.5 x 6 x 14 in.

Varian Assoc., Dept. ED, 611 
Hansen Way, Palo Alto, Calif. 
Availability: Delivery time is 90 to 
120 days.
Booth 2710-2720.

Tube and Transistor 
Socket 641

Has Teflon insulating body

This subminiature tube and tran­
sistor socket has an all Teflon insu­
lating body. Compression mounting 
and spring tension are employed. 
The contact material is brass, silver- 
plated and gold-flashed. Over-all 
length is 7/16 in., body length is 
0.268 in. and contact diameter is 
0.018 in.

Garlock Electronic Products, The 
Carlock Packing Co., Dept. ED, 
Camden 1, N.J.
Booth 2814-2816.

SPECIFICATIONS
Contact Arrangement: Normally form A, form B, in comblna* 

tion form C

Overall length: 3-% in. max.
Outside diameter: 0.215 in. max.
Contact material: Gold
Contact rating: 15 volt-amperes max., non-Inductive: 1 amp. 

max.; 250 volts max.
Contact resistance: 25-40 milliohms.
Life expectancy: At 14 volt-amperes (% ampere, 28 volts de), 

20,000,000 operations.
At 7 volt-amperes (% ampere, 28 volts de), 
100,000,000 operations.

Minimum breakdown voltage: (60 cps) 500 volts rms.
Insulation resistance: 500 k megohms mln.
Low level load test: 8 microamps, 800 ohms, 250 millivolts, 

open circuit operated at 3 Ips, 100 million 
operations with no failures.

ACTUAL 
SIZE

Switch capsule of the new Clareed Sealed Contact 
Reed Relay consists of a pair of magnetically 
operated contacts, hermetically sealed in a 
glass capsule, in an atmosphere of inert gas.

Milliseconds (including bounce)

Switches 
per Coil

Watts to Just 
Operate

Typical Coils

Operate
Excess Nl over P.U. 

100 200 Release

1 0.25 1 0.8 0.25
2 0.30 1.5 0.9 0.25
3 0.35 2.2 1.5 0.25
4 0.42 3.2 2.2 0.25
5 0.52 3.5 2.5 0.25
6 0.8 5 3.5 0.50

12 1.5 6 5 0.50
20 3.5 8 6 0.50

At "just operate" 
CONTACT BOUNCE At 200 excess Nl

0.3 ms max.
0.5 ms max.

At 400 excess Nl
No bounce on release.

0.8 ms max.



CLAREED
a New Concept in Relay Design

The new clareed Sealed Contact 
Reed Relay effectively eliminates 
contact contamination. With its 
contacts hermetically sealed in con­
taminant-free inert gas, this new 
design assures millions of perfect 
operations. Hundreds of millions 
are possible when operated at up to 
Ji rated contact load.

clareed relays are ideal compo­
nents for transistor drive applica­
tions and for use in computers and 
data processing equipment. Their 
low inductance and the low induct­
ance change in the operating coil at 
each operation limits the transients 
produced. Submit your packaging 
problem for recommendations.

• PACKAGED TO MEET yOUr REQUIREMENTS

Ten CLAREED switches, 
mounted in line on a 
printed circuit board with 
five magnetic coils. This 
assembly can then be en­
closed in the flat, rec­
tangular container or it 
may be coated with 
“Skin-Pack,’’ a tough 
vinyl plastic, and 
mounted directly Into 
your equipment.

Six CLAREED 
switches clus- 
tered for 
mounting in a 
single tube 
container.

SEE IT 
AT THE 
IRE SHOW
New York Coliseum 
March 21-24

BOOTH NOS. 
2218 & 
2220

Important features of clareed relays are their simplicity 
and flexibility. They may be mounted to meet the require­
ments of almost any application and environmental con­
dition, even on your own printed circuit board—to comply 
with your mechanical design configurations.
clareed relays are as flexible as your application requires. Consul­
tation with your nearby clare sales engineer is invited. Additional 
information may be obtained from C. P. Clare & Co., 3101 Pratt 
Blvd., Chicago 45, Illinois. In Canada: C. P. Clare Canada Limited, 
Box 134, Downsview, Ontario. Cable Address: clarelay. Send for 
Bulletin CPC 5.

FIRST
in the industrial field

Toroidal Cores 640
Made of silicon-steel tapes

These toroidal cores are made of 
0.001, 0.002, and 0.004-in. oriented 
silicon-steel tapes. They are an­
nealed for high squareness ratio. 
The saturation flux density is in the 
range of 16,500 to 17,500 gauss. 
Typical bias, or Hi, is 0.5 oersteds; 
typical gain, or delta H, is 0.1 oer­
steds.

G-L Electronics Co., Inc., Dept. 
ED, 2921 Admiral Wilson Blvd., 
Camden 5, N.J.
Price & Availability: Price is from 
$1 to $10 ea, for quantities of 1 to 
1000. Production quantities can be 
delivered in two weeks.
Booth 2015.

Power Supplies 643
Outputs are 6 to 36 v de

Models PS4305, PS4315, and 
PS4330 power supplies, having cur­
rent ranges of 0 to 5, 0 to 15, and 
0 to 30 amp, respectively, have out­
puts of 6 to 36 v de. Ripple and 
noise level at the output are less 
than 1 mv. Regulation is provided 
to maintain the output voltage with­
in 0.025% for line and load changes 
of 10% from zero to full load. The 
output voltage is selected by front 
panel controls. Designed for criti­
cal industrial applications as well as 
military use, the units are compact

Power Sources, Inc., Dept. ED, 
Burlington, Mass.
Booth 1914. .

Potentiometers 520
Precision type

Included in this line of precision 
potentiometers are the following 
types: model 7216, a 7/8-in. in 
diameter, 10-turn unit; model 70, a 
1/2 in. sq trimmer; model 71, a 
1/2-in. sq pin type for use in printed 
circuitry; and single and multi-turn 
potentiometers.

Beckman Instruments, Helipot 
Div., Dept. ED, 2500 Fullerton Rd., 
Fullerton, Calif.
Booth 1201-1203.
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Now! 

check out 

64 

waveguide 

ranges in 

15 minutes 

The Turbo Variable-Step Micro­
wave Delay Line is the first port­
able, reliable, and accurate means 
of testing responses of X-band delay 
line. Permits fast, accurate chang­
ing of 10 to 1500 feet of waveguide 
through the use of high isolation 
waveguide switches.

Formerly, two or more days were 
consumed in testing 64 different 
ranges using straight runs of wave­
guide . . . readings varied as ampli­
fiers and other systems components 
drifted during a day-long check-out.

The new Turbo test stand eliminates 
coupling and uncoupling of joints, 
prevents contamination, saves time. 
Waveguide loops can be brought to 
the breadboards. This variable delay 
system can also be built into stand­
ard relay racks with a maximum of 
2500 feet of X-band delay line.

Turbo will furnish delay lines of 
any length or configuration to cus­
tomers’ specifications. Quotations 
furnished promptly on waveguide 
components and systems. Write for 
bulletin.

Til 000 variable-step I URDU MICROWAVE DELAY LINE
TURBO MACHINE COMPANY, LANSDALE, PA.

NEW PRODUCTS at the ire show

Gearless Drill-Head 66

For printed circuits

This gearless drill-head is designed for drilling 
printed circuits. The hole pattern to be drilled can 
be easily changed. Phenolic laminate is used for 
the guide and drive plates. The hole pattern is 
drilled simultaneously in three phenolic plates; 
the plates can be removed and stored for future 
use. Holes as close as 0.125 in. between spindles 
can be drilled. A rectangular pattern up to 14 x 
17 in. is the capacity range.

Zagar, Inc., Dept. ED, 24000 Lakeland Blvd., 
Cleveland 23, Ohio.
Availability: Made on order, the unit can be sup­
plied in three to four months.
Booth 4241.

Hi-Pot and Insulation Tester 509
Range is to 3500 v de and 2500 v de

Model AI-5E hi-pot and insulation tester has a 
de range of 0 to 3500 v and an ac range of 0 to 
2500 v at 60 cps. The insulation resistance range 
at 500 v de is 3.5 to 50,000 meg. Applications of 
the instrument include cable checking, incoming 
inspection tests and checking and grading of long 
production runs. The circuit automatically re­
moves the test voltage when the predetermined 
leakage current level is exceeded. The rack­
mounted unit weighs 22 lb and measures 7 x 19 x 
7 in. A portable unit can also be furnished.

Arizona Instrument Corp., Dept. ED, 3839 
N. 39th Ave., Phoenix, Ariz.
Price: $553 fob Phoenix.
Booth 1230-1232.

Have you sent us your subscription 
renewal form?
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See us March 21-24 at the I.R.E. Show/Booths 1619-1621

Trïmpot

I IS

lire

Yes! Schweber can sell

Write for new Trimpot summary brochure and hst of stocking distributors

shipment from stock from 
Schweber's warehouse.

at factory prices. 
Sizeable quantities are 
available for immediate

Specify Trimpot - the original leadscrew - 
actuated potentiometer with reliability on 
which you can depend. 20 basic models - 
4 terminal types-3 mounting styles.

MATCHED COEFFICIENTS OF THERMAL EXPANSION
Resistance wire and mandrels have matched coefficients of thermal 
expansion to reduce the "strain gage effect?’ Linear expansion rates 
for the mandrel and wire match so closely that the temperature co­
efficient value for the entire wirewound element approximates that of 
the wire itself.

THERMALLY STABLE CERAMIC MANDRELS
Bourns takes advantage of high thermal stability of ceramic materials 
for element mandrels. Today, all Bourns Trimpot potentiometers pro­
vide the improved performance and reliability afforded by ceramic 
materials.

EXCLUSIVE TENSION CONTROL EQUIPMENT
Bourns has developed specialized winding equipment that provides 
constant and precise control of wire tension during winding operations. 
"Necking" of the wire or resistance-altering stresses never occur. 
Instead the wire remains uniform—well able to withstand temperature 
variations with no appreciable change in resistance.

to 2000 pieces of any model 
of BOURNS TRIMPOT®

EXCLUSIVE SILVERWELD® TERMINATION
Silverweld is an actual metal-to-metal fusion of element wire and 
external terminal. In doing away with mechanical or soft solder joints, 
Bourns eliminates potential hot spots thus extending the potenti­
ometer's temperature range The fusion of the Silverweld terminal to 
many turns of wire on the resistance element avoids the problem of 
single wire termination. Silverweld is virtually indestructible under 
thermal stresses

JIONEER 6-6520. TWX G-CY-NY-58OU
CIRCLE 145 ON READER-SERVICE CARD
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Exclusive manufacturers of Trimpot®. Trimit® and E-Z-Trim®. Pioneers in transducers for position, pressure and acceleration. 
CIRCLE 146 ON READER-SERVICE CARD

60 HERRICKS ROAD. MINEOLA. L I . N.Y.

BOURNS 
TRIMPOT 

WITH 
BUILT-IN 

TEMPERATURE 
STABILITY

Stable settings under extreme temperature conditions is 
an outstanding feature of the Trimpot® potentiometer. This thermal stability is built-in through all phases of design and production
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Electric Strength*, volts per mil 
Dielectric Constant!..............

100 cps-0.1 Mcs ...........
Dissipation Factor!

100 cps..... ....................... ..
1.0 kc________________
0.1 Mcs ____ _________

Volume Resistivity!, ohm-cm

Model V-7405 power supply, designed for op­
erating reflex klystron tubes in laboratory and 
test applications, has a regulated beam voltage of 
150 to 850 v. A coarse beam voltage-control pro­
vides for selection of the necessary operating range 
in 100-v steps, and a fine-control adjusts the volt­
age within the selected operating range. The re­
flector supply voltage is 20 to 800 v. The regula­
tion and filter circuits of the reflector supply 
reduce the ripple to less than 20 pv rms. The re­
flector supply may be internally modulated with 
square-wave, saw-tooth, or sine-wave modulation.

Varian Assoc., Dept. ED. 611 Hansen Way, 
Palo Alto, Calif.
Availability: The unit can be delivered in 90 days. 
Booth 2714-2720.

Automatic Analyzer
Range is 10 cps to 19 kc

Power Supply
For reflex klystron tubes

ELECTRONIC DESIGN • March 16, 1960

Your nearest Dow Corning office is the 
number one source for information 
and technical service on silicones.

* 60 cycles, rapid rise, 0.020 inch-spacing of 0.5 
inch-diameter spherical electrodes.

t Using 54 mmfd fixed air capacitor, Cardwell 
type, ER-50-FS as electrodes, ASTM DI 50-54T and 
D1169-52T.

four bands. Any one

Color .................    i
Specific Gravity at 25 C............. .... 

Coefficient of Thermal Conductivity
(cal per cm °C sec) 150C___  

200 C ....

Water White
.... 0.970

or a series of these can be selected for automatic 
scanning. The unit performs amplitude-frequency 
analyses of steady signals and amplitude-fre­
quency-time analyses of nonsteady signals. Analy­
sis of all types of complex waveforms is possible. 
Results can be plotted on the firm’s recorder as 
X-Y or X-time data. Operation of the unit is auto­
matic.

Muirhead Instruments, Inc., Dept. ED, 441 
Lexington Ave., New York 17, N.Y.
Price: $11,250 fob New York.
Booth 3230.

Dielectric Gel, plus CBS Laboratories pack 
aging techniques simplify volume produc 
tion problems . . . assure high voltag 
power supplies that are compact, reliabl 
and easy to service.

Write for more information on Dow Com 
ing Dielectric Gel, the new potting materia 
that permits visual and instrument checl 
ing of potted electronic circuitry an 
simplifies production problems.

The newest development in potting and encapsulating materials is Dow 
Corning Dielectric Gel. Supplied as a crystal clear fluid plus catalyst, 
it pours easily into assemblies and sub-assemblies, fills every void, sets 
up to a firm, pliable,transparent gel. The gelled mass exerts virtually no 
stress on components; has excellent adhesion; will not displace if vibrated 
or inverted. Potted components and connections are visible, probes can 
be inserted through it for instrument checking. When probes are removed, 
the gel heals itself, leaving no voids.

Here’s how Dielectric Gel aids miniaturization: When designing the high 
voltage power supply for their new Photoscan airborne reconnaissance 
system, CBS Laboratories Division of Columbia Broadcasting System Inc., 
had to meet stringent reliability requirements despite elevated tempera­
tures, high vibration levels, severe size and weight limitations. Their new 
design and miniaturization techniques were made possible by Dielec­
tric Gel.

Requiring only 0.09 cubic feet complete, with components spaced less 
than apart without danger of arcing, the new power supply provides 
output voltages that can be regulated from 1,000 to 25,000 volts. Current 
capacity at 25 kv is well over 100 microamperes. This power supply is 
an integral part of Photoscan, a universal visual intelligence-gathering, 
processing and transmitting system which can readily be installed in 
virtually any missile or air-borne vehicle. The units are small, light 
in weight, simple to install and service.



Analyzer-Oscillator
Frequency range is 200 cps to 650 kc

...other silicones aid miniaturization

Light Silicone-Glass Parts Resist Heat
Where space is small, silicone-glass laminates make ideal 
parts. Reasons: they resist heat and humidity; are easy 
to fabricate into miniature components; resist creep and 
delamination. Silicone-glass laminates are light weight, 
strong, have good dimensional stability, withstand oper­
ating temperatures to 250 C, have low loss factor; permit 
adjacent soldering and have high resistance to moisture, 
ozone, arcing and corona.

White 
0.970

In the geophysical well-logging instrument shown, 
Schlumberger Well Surveying Corporation specified 
terminal boards of silicone-glass laminate. The silicone 
laminate proved more reliable under operating conditions 
and easier to fabricate than other materials.

CIRCLE 801 ON READER-SERVICE CARD
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Silicone Compounds Cushion Small Cores
Tape wound toroidal cores, in both miniature and large 
sizes, are cushioned with silicone compounds between 
core and outer box by Magnetics Inc. Through the 
damping effects of the grease-like Dow Corning com­
pounds, their phenolic-boxed cores are protected against 
vibration, shock effects and strain due to temperature 
change. They’re “performance-guaranteed” up to 177°C.

Dow Corning silicone compounds were selected because 
they’re inert, have high heat resistance and are easily 
applied. The compounds are nongumming, nonmelting, 
maintain a stable viscosity from —75 to 200 C. They 
have excellent dielectric, damping and heat-dissipation 
qualities, and are superior barriers to moisture. Other 
firms use silicone compounds for heat-sinks, sealants and 
similar applications, both mechanical and electrical.

CIRCLE 803 ON READER-SERVICE CARD

Model D-888-A analyzer-oscillator, having a 
frequency range of 200 cps to 650 kc, can be used 
as a frequency analyzer or as an oscillator. Made 
for laboratory use, the instrument has an accuracy 
of 2%. A three-stage amplifier, using amplified, 
negative feedback, provides for frequency selec­
tion. When the instrument operates as an analyzer, 
the selectivity corresponds to a Q-factor of 70 or 
more and an octave discrimination of 40 db. An 
input of 1 mv gives an output of 10 v into 1000 
ohms. As an oscillator, the instrument has the 
output connected back to the input stage. The out­
put is variable and has a maximum value of 2.5 v 
into 600 ohms. The unit comes in a portable bench 
mounting cabinet with over-all dimensions of 
17.5 x 10.5 x 13 in.

Muirhead Instruments, Inc., Dept. ED, 441 
Lexington Ave., New York 17, N.Y.
Price: $1220 fob New York.
Booth 3230.
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Silastic Assures Reliability Of Miniature Tube
Here’s a good example of how miniaturization is aided 
by Silastic®, the Dow Corning silicone rubber.

A single tube from the line of Beam Switching Tubes 
developed by the Electronic Tube Division of Burroughs 
Corporation can replace as many as 90 transistors, diodes 
and resistors in electronic distributing, switching, and 
counting circuits. But proper operation and continued 
reliability depend upon the relationship of crossed mag­
netic and electrical fields . . . determined by the relative 
position of the glass envelope and the magnet which 
surrounds it. This positioning is very critical.

A cushion of Silastic assures proper alignment, bonds the 
glass envelope and magnet, provides greater shock resist­
ance than any other material tested . . . contributes to 
the ease with which the tube meets military shock, vibra­
tion and other environmental requirements. Easily ap­
plied by simple injection techniques, Silastic is also used 
between magnet and tube shield.

CIRCLE 802 ON READER-SERVICE CARD

VISIT BOOTHS 4501-4503 AT IRE SHOW

Magnetic Latching Relay
Is rated at 10 amp

CORPORATION midland. Michigan

CIRCLE 800 TO 803 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 16, 1960

Type BR-9 magnetic latching relay is rated at 
10 amp. Able to operate on 100 mw, this dpdt 
relay weighs about 1 oz and has a life expectancy 
of 100,000 cycles at 125 C. It stands 50 g shock 
for 11 msec and 30 g vibration from 10 to 2000 
cps. Maximum coil dissipation is 3 w. The re­
quirements of MIL-R-5757C and 25018 are met.

Babcock Relays, Inc., Dept. ED, 1640 Mon­
rovia Ave., Costa Mesa, Calif.
Booth M-15.
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NEW PRODUCTS

EPOXY MAGNET
WIRE

exam
write for Epoxy

SEE THE MAN FROM Anaconda
FOR EPOXY MAGNET WIRE

Are rated at 6 and 12 amp

no problems from film deterioration in encap

Wire and Cable 
Tubing

Epoxy magnet wire has high dielectric strengthEpoxy magnet wire is ideal for encapsidated systems.

ment. Ask your Anaconda man
Catalog No. C-101 and samples to: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, New York• 5924.»

Epoxy magnet wire has high resistance to heat shock and overloads, Epoxy magnet wire is unaffected by transformer oils.

Its outstanding acceptance stems from compatibility 
— plus heat-shock resistance, thermal stability, 
high dielectric strength

sulated systems.
But Epoxy offers much more than compatibility. High 

heat resistance (Class B; 130°C) . . . unusual resistance to

Not since Anaconda first offered Formvar many years ago 
has a magnet wire gained such rapid acceptance—and 
solved so many serious application problems —as has 
\naconda Epoxy.

The biggest reason—the unusual compatibility of Epoxy 
with virtually every insulation system in use today. No 
deterioration of the Epoxy film is experienced due to chemi­
cal reaction with insulating varnishes tested to date, for

heat shock . . . high dielectric strength, even under con­
ditions of extreme humidity . . . excellent flexibility and 
winding properties ... outstanding adherence of insulation. 
Epoxv magnet wire is now’ available in a complete range of 
sizes—rounds, squares, and rectangulars.

Epoxy magnet wire is an Anaconda development—now 
in its fourth year of production, preceded by seven years of 
research in the Anaconda magnet wire laboratories. Why 
not obtain samples and data for your next exacting require-

These silicon diffused-junction 
rectifiers are offered in two series: 
types IN 1341 through IN 1347 are 
rated at 6 amp, and types INI 199 
through IN 1205 are rated at 12 amp. 
Both series have piv ranges of 50 
to 500 v. All units have low forward­
voltage drop, low leakage, and high 
uniformity of characteristics. Each 
diode is nickel-plated. A flattened- 
pierced end on the anode lead per­
mits fast, easy wiring.

International Rectifier Corp., 
Dept. ED, 1521 E. Grand Ave., El- 
Segundo, Calif.
Price ¿7 Availability: The 6-amp 
units are priced at $3.95 to $16.95 
ea in quantities of I to 99; the 12- 
amp units are priced at $4 to $17.60 
in quantities of 1 to 99. Delivery is 
from stock.
Booth 2901-2903.

AT THE IRE SHOW
Silicon Rectifiers

Made of irradiated polyethylene

This irradiated polyethylene Zip­
pertubing is for jacketing wires and 
cables which are subjected to 
gamma and beta rays. The tubing 
has a life expectancy of 5 yr when 
used in the presence of nuclear re­
actors. It also withstands both high 
and low temperature extremes and 
offers protection against chemicals.

Zippertubing Co., Dept. ED. 752 
S. San Pedro St., I -os Angeles, Calif. 
Availability: The product is avail­
able from stock.
Booth 4044.

CIRCLE 148 ON REARER-SERVICE CARD



538Meter Calibrator

>( )

Insulation Cutter 536

532

Electrical Tester 533

How to
stop worrying

about
COSTLY
SILICON
SCRAP

BASE BORON CONTENT BELOW ONE ATOM 
OF BORON PER SIX BILLION SILICON ATOMS

orp., 
, El-

use p-type or n-type Merck Silicon. Your rejects due to 
unsatisfactory resistivities fall to zero.
Merck has the Single Crystal Silicon to meet your needs.
Write, wire or phone today for specifications.

Visit our booth #4513 I.R.E. Convention
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Accuracy is 0.5%

This meter calibrator, for check­
ing ohmmeters, de microammeters, 
de milliammeters, de ammeters, and 
ac and de voltmeters, has a full- 
scale accuracy of 0.5%. Ranges are 
between 0 to 2.5 and 0 to 500 v ac 
and de, between 0 to 100 pa and 0 
to 1 amp, and from 1 ohm to 1000 
meg. The calibrator is suitable for 
production uses and can be used 
in military applications. The unit is 
completely solid state. It measures 
10.5 x 19 x 15 in.

Mid-Eastern Electronics, Inc., 
Dept. ED, 32 Commerce St, Spring­
field, NJ.
Price: $995 ea.
Booth 3009.

Handles tubing from 3/8 to 
1-1/4-in. long

This insulation cutter handles 
tubing from 3/8 to 1-1/4 in. long. 
Operating automatically with two 
machine heads, it cuts the tubing 
from reels and simultaneously places 
it on one or both leads of such com­
ponents as resistors, and capacitors. 
Line voltage required for the ma­
chine is 110 v at 60 cps.

Design Tool Corp Electro Ma­
chinery Div., Dept. ED, 772 Bergen 
St., Brooklyn 38, N.Y.
Price ¿r Availability: The unit is 
made on order, can be delivered in 
8 weeks, and is priced at $2500.
Booth 4122.
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For axial-lead components

This orienting and testing ma­
chine electrically tests diodes, ca­
pacitors and resistors at an average 
rate of 3500 pieces per hr. It me­
chanically rejects substandard parts 
and orients each component in the 
direction of its polarity.

Universal Instruments Corp., 
Dept. ED, 139 E. Frederick St., 
Binghamton, N.Y.
Price 6- Availability: Price is $4650. 
Delivery time is 30 days.
Booth 4019.

CIRCLE 149 ON READER-SERVICE CARD ►

Want to overcome the nagging problem of costly silicon 
scrap?
It’s easy. Just specify Merck Single Crystal Silicon.
At one fell swoop you get rid of silicon rejects due to poor 
size control. Merck Single Crystal Silicon is of uniform 
diameter all the way down ... good to the last millimeter. 
You won’t get stuck with unusable butt-ends.
But that’s not all. Float zone-refined Merck Single Crys­
tal Silicon is uncompensated. Resistivities stay uniform 
day in, day out; month in, month out . . . whether you

MERCK SILICON
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Shift Register StageTrigistor Flip-Flop

for Applications Bulletin D41O-O2Write

SSFV

NEW PRODUCTS AT THE IRE SHOW

Pulse Generator 665

Four-channel type

Type V-8302 hybrid microwave mixer, designed 
for the range of 8.5 to 9.6 kmc, is for general X- 
band receiver use and is suitable for missile and 
airborne applications. The noise figure at 9.2 kmc 
is 9 db typical, including 3 db if noise. The signal 
input vswr is less than 2 v. The if output im­
pedance is about 200 ohms shunted by about 10 
ppf. The unit measures 3 4 x 1-5/8 x 1-5/8 in.

Varian Associates, Dept. ED, 611 Hansen Way, 
Palo Alto, Calif.
Availability: Delivery time is 30 days.
Booth 2714-2720.

158

Binary Counter

Microwave Mixer
Range is 8.5 to 9.6 kmc

Model 3010A four-channel mpsec current pulse 
generator operates at frequencies to 3 mc and 
higher. Rise time is 0.04 psec at 1 amp. The unit 
provides four variable-width and amplitude 
pulses, two positive and two negative. It has ap­
plications in testing magnetic and other current- 
driven devices.

Electro-Pulse, Inc., Dept. ED, 11861 Teale St., 
Culver City, Calif.
Price & Availability: Price is $4760. Delivery 
time is eight weeks.
Booth 3810-3812.

with advanced PNPN semiconductors 
available NOW — from SSP!

• Shift registers
• Ring counters
• Binary counters
• Gating
• Nixie drivers

• Relay drivers
• Replacing relays
• Replacing mag-amps
• Indicator lamp drivers
• Electronic circuit breakers

• Voltage sensing
• Current sensing
• Static switchim
• Pulse generate
• Time delay
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Power ControlRelay or Lamp Driver Overvoltage Protection

Write for Applications Bulletin D42O-O2

DCA

form

MAX. 
CONTROL 

INPUT 
.5ma, 1 VOLT

Drive, Silver Springs, Md.
Price & Availability: DCA-500, $2700;
1000, $3500. Delivery is from stock.
Booth 3826-3828.

These specialty transformers range from min­
iature to standard sizes. The unit shown has a 
special encapsulation which provides uniform 
dimensional stability and permits other character­
istics to exceed Mil specs.

Microdot Inc., Dept. ED, 220 Pasadena Ave., 
South Pasadena, Calif.
Booth 2101-2103.

Investigate these devices in terms of your design

Don’t forget to mail your renewal 
to continue receiving 
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SSPI Miniature SCR's and Controlled Switches allow precise firing control (.52 
± .08 volt) with high gain — 20 pa will control 10-1250 ma D.C. and peak 
pulses up to 30 amperes with efficiencies to 99%.

CIRCLE 150 ON READER-SERVICE CARD
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Diversity Combiners
For rf receivers

Types DCA-500 and DCA-1000 diversity com­
biners are designed for use with rf receivers. The 
DCA-500 handles the output of two receivers and 
the DCA-1000 handles the output of four re­
ceivers. These output signals are mixed into a 
single output in the combiner. Signal-to-noise 
ratio is kept low. Response time is 2 msec. Dis­
tortion is less than 1%. Required input is 120 v at 
50 to 400 cps, 150 w. The unit weighs 45 lb and 
measures 19 x 7 x 15 in.

Nems-Clark Co., Dept. ED, 919 Jesup Blair

Major advances in circuit simplicity, component reduction, and reliability are 
possible through the use of proven PNPN Semiconductors — from SSPI.

New PNPN logic possibilities with SSPI Trigistors --- full on-off control with 
pulsed input at a single terminal —- operation down to 1 ma allows signifi­
cant current conservation.

Miniature packaging --- all leads isolated from case --- MIL-S-19500 
vironmental capabilities — Operation —65 C to 4-150 C.
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Products Div., Dept. ED, 5005 E 
McDowell Road, Phoenix, Ariz.
Booth 1114-1115.

1/4-w, silicon Zener diode offered 
in sizes from 6.8 to 200 v and in 
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NEW PRODUCTS
AT THE IRE SHOW

If You Will Remember 

ONE New Name —

emitter connection

>. recrystallized

compensated, glass-package Zener 
reference diode. It provides a ref­
erence source of 9 v over the tem­
perature range of —55 to -{-150 C 
with temperature coefficients of 
0.01, 0.005, 0.002, 0.001, and 0.005% 
per deg C.

in Slaters\ die. 
• final stages of 
and give every

1/2-w, temperature-

Amperex Electronic Corp., 230 Duffy Avenue, Hicksville, Long Island, New York 
In Canada: Rogers Electronic Tubes & Comoonents, 116 Vanderhoof Avenue, Toronto 17, Ontario

base connection 
recrystallized / 
layer (N type) , I

You Can Forget

FIVE Old Transistor Problems

trace. The unit measures 11.25 x 7 x 
13.5 in. and weighs 19 lb.

Waterman Products Co., Inc., 
Dept. ED, 2445 Emerald St, Phila­
delphia 25, Pa.
Booth 3105-3106.

Oscilloscope
Generates from 5 to 50,000 

sweeps per sec
The Breakthrough —1

...How It Was
Accomplished I
This VHF transistor breakthrough 

was made possible by a new Post 
Alloy Diffusion Process, a manu­
facturing method that combines 
the best features of the currently 
ured alloy and diffusion processes, 
without their drawbacks.

The limitation of the alloy proc­
ess is encountered when attempt- 111 1
ing to manufacture transistors with 
an average cut-off above 20 Me. In 
this process the collector and emit­
ter elements are fused (or alloyed) •■■■■■■■■■■■■ 
to the base. For this to be success­
fully accomplished the base must 
be relatively thick and the thickness very accurately con­
trolled in order that during the fusion process the collector 
and emitter elements do not flow through the base and 
short the transistor. This relatively thick base increases the 
transit time, precluding any usable response above 20 Me.

In the diffusion orocess the base is formed on the col­
lector by gaseous diffusion in a high temperature oven Very 
thin bases can be manufactured by this method with low 
transit time and very high cut-off frequencies. In this proc­
ess the problem lies in attaching the emitter junction and 
base lead.

In the AMPEREX Post Alloy Diffusion Process, alloying 
and diffusion take place simultaneously. The transistor is 
built up on a piece of P-type germanium. Two small pellets 
are placed on the germanium. Pellet B. the base pellet, con­
tains only an N-type impurity. Pellet E, the emitter pellet, 
contains a P-type and an N-type «mpunty.

When this assembly is neated at a certain temperature, 
the germanium dissolves into the metal pellets until satura­
tion is reached, and the pellet impurities diffuse into the 
solid germanium.

However, the P-type impurity in pellet E has such a low 
diffusion constant, that for practical purposes it does not 
penetrate into the germanium. The N-type impurity in pel­
lets E and B has a much greater diffusion constant and 
readily penetrates into the solid germanium to form a dif­
fused N-type layer underneath the pellets.

Wh*n the assembly is cooled down, a layer of germanium 
recrystallizes from the pellets as in the normal alloy tech­
nique. The recrystallized layer of pellet E contains many 
atoms of the P-type impurity and is, therefore, a P-type 
germanium layer The germanium layer recrystallized from 
pellet B is, of course, the N-type because there are no other 
impurities in the pellet.

Connections are made to the germanium and the metal 
pellets and a “mesa-like” P-N-P transistor is obtained. The 
original P-type germanium is the collector, pellet B the 
base, and pellet E the emitter.

This process makes it possible to mass produce tran­
sistors with a base layer of a few ten-thousandths of an inch 
for very short transit time and high cut off frequencies. The 
yield is also very high which enables AMPEREX to supply 
these transistors at low prices.

High Gain VHF Transistors 
manufactured by the 

Post Alloy DiffusionTechnique

Model S-16-B digital data display 
unit, which can also be used as a 
general purpose oscilloscope, gen­
erates horizontal sweeps at rates 
from 5 to 50,000 sweeps per sec. 
The unit provides 6 x 10 cm raster 
presentation on a 5-in. flat face 
cathode ray tube screen. Step volt­
ages with amplitudes of 600 mv to 
30 v and rise times up to 0.07 psec 
produce the full scale vertical raster. 
Positive going pulses of 2 v or 
greater intensify the trace; negative

are unrivalled for: 1. reliability
2. OPERATING

STABILITY
3 UNIFORMITY
4. PRICE
5. AVAILABILITY

At last, you can realistically use high frequency transistors for RF and IF 
amplifiers in production FM receivers; as mixers, oscillators and RF and IF 
amplifiers in mobile radio equipment, car radios and short wave receivers; 
and as broadband amplifiers in instrumentation and industrial applications. 
Implemented and fully proven by Amperex. a unique manufacturing tech­
nique originating with Philips of the Netherlands now enables Amperex to 
provide you with production VHF Post Alloy Diffused Transistors ■ of 
unparalleled laboratory quality at truly reasonable prices.
The new Amperex “Post-Alloy-Diffusion" P-N-P Transistors combine the 
best qualities of both the alloy and the diffusion approaches to transistor 
construction. As a result of the special “self-jigging” techniques, a maximum 
degree of uniformity is achieved. Thus the necessity for “selection” is com­
pletely eliminated.
The 2N1516 is designed for use as a mixer oscillator in short wave receivers, 
as an IF amplifier in FM receivers, and as a broadband linear amplifier for 
instrumentation and industrial applications. The 2N1 516 features a high 
cut-off frequency of 70 Me and a low collector-to-base capacitance of 
1.8 put.
The 2N1515 is designed for high gain IF amplifier service in medium and 
short wave receivers.
The 2N1517 is designed for use as a local oscillator and preamplifier in FM 
receivers and has a power gain of 12 db at 100 Me.

Rhode Island. A range of new PADT transistors, now in th 
development will provide I HF performance at \’HF prices 
promise of providing increased rt liability and uniformity.

J- " -------- 3» diffused base
Ohmic contact / P »>»* tarmamum v layer (N type) collector tab

MAXIMUM RATINGS 2N1515 2N1516 2N1517

20 V 20 V 20 V
— lc ......................................................... 10 mA 10 mA 10 mA
PC at Tamb <25*C.......................... 83 mW 83 mW 83 mW
TVPICAL CHARACTERISTICS

Gain-3andwidth Product
(ft, Ie = 1 mA).......................... 70 Me 70 Me 70 Me

Gain Bandwidth Product
(ft, lE = 4 mA).......................... — 180 Me 180 Me

Power Gain
G at 0.45 Me (Ie = 1 mA) ... 35 db 35 db —
G at 10.7 Me (lE = 1 mA) ... 22 db 24 db —
G at 100 Me (Ie = 1 mA) ... — — 12 db

Conversion Gain Gq at 26 Me .. — 18 db —

Noise Figure NF at 0.45 Me 3 db 3 db —
NF at 10.7 Me 5 db 4db —
NF at 100 Me — — 9 db

-



utting Machine
:or germanium and silicon

Tl e Roton table drive is designed 
ir c utting germanium, silicon, and 
the materials. By providing a roll- 
ig i ather than a sliding fit between 
ie screw and the nut, the machine 
is a drive that is virtually friction- 
ss. The unit can be adapted for 
se with the firm’s model WMA 
afering machine.
Micromesh Manufacturing Corp., 
ept. ED, 1020 Commerce Ave., 
nion, N.J.
ooth 4038.

L-BAND KLYSTRON 
PROVIDES BROADBAND 
I PERFORMANCE
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roadband Amplifier 656
For TV systems

Model MLA-B vhf, broadband 
nplifier offers sharp reception for 
rge or small TV systems. It has 
w-noise inputs, frame-grid, and 
axial fittings. It produces more 
an 40-db cascode amplification on 
I vhf channels.
Blonder - Tongue Laboratories, 
c., Dept. ED, 9 Alling St., Newark

)oth 3225.
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For traveling wave-tubes

Models 252 and 253 power sup- 
ies are designed to operate any 
iv or medium-noise figure travel- 
j wave tubes. The input ranges 
im 50 to 450 cps which permits 
eration at remote locations, with 
scellaneous power sources or in 
borne applications. Extra solenoid 
d heater power are provided. The 
ater supply is de. Either am or 
ase modulation is available 
ough a BNC front panel connec-
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new concept in broad­
band amplifier tubes. Through use of 
a newly-developed Skirtron* bunching 
technique, the L-3283 achieves gain 
and power output characteristics, which 
are essentially flat over the minimum 
bandwidth of 50 Me. Its minimum peak 
power output at the band edges is 
2 MW. A linear phase shift versus fre­
quency characteristic makes it ideally 
suited for application in sophisticated 
radar systems, where electronic tuning 
and pulse shaping are required.

This tube, like all other tubes pro­
duced by Litton Industries, is conserv­
atively designed and rated; and rigor­
ously processed to provide thousands

of hours of reliable operation. Typical 
of the performance obtained from 
applying this design philosophy is that 
of the L-3035, a 2.2 MW L-band Kly­
stron, whose average operating life in 
field service is approaching 3,000 
hours. Some of these tubes are continu­
ing to provide top performance after 
operating for more than 10,000 hours.

The Skirtron technique is being 
applied to other tubes now being de­
veloped to obtain even broader-band 
performance at higher power levels and 
in other frequency ranges. Should you 
require high power broadband per­
formance for your current (L-3283 is 
available now) or future system plan­
ning, write to Litton Industries, Elec­
tron Tube Division, Office E33, 960 
Industrial Road,San Carlos,California.

*A technique developed by Litton Industries which provides improved broadband performance.

LIT TON INDUSTRIES Electron Tube Division 
BARRATRON TRANSMITTING TUBES • MAGNETRONS • KLYSTRONS • TRAVELING WAVE 
TUBES • BACKWARD WAVE OSCILLATORS • CARCINOTRONS • CAS DISCHARGE TUBES 
NOISE SOURCES • CROSSED-FIELD AMPLIFIERS • HIGH DEFINITION CRT • DIRECT- 
WRITING CRT • COLOR CRT • STORAGE TUBES • MICROWAVE FILTERS • DUPLEXERS • TR TUBES

ctor
; e.

Alfred Electronics, Dept. ED, 
' Commercial St., Palo Alto, 
lif
ice & Availability: Model 253 is 
ce I at $1090; model 252, $890. 
it. will be available the first week 
Aj ril.
ot 11633.

CAPABILITY 
THAT CAN CHANGE 

YOUR PLANNINGIR IE 152 ON READER-SERVICE CARD ►



NEW PRODUCTS AT THE IRE SHOW

Digital Display 6f(

Measures 1x1 in.

Tcamo

pace setting NEW

SUPER-TANTUMCAP

tantalum
SOLID ELECTROLYTE

CAPACITOR

EXCEEDS PROPOSED MIL SPECS 
IN THESE CRITICAL AREAS...

Type LD-11 incandescent digital readout dis­
plays zero through 9 on an area measuring 1x1 
in. A lenticular optic technique is used, eliminat­
ing the need for projection lenses. Numerals are 
high density white on black or black on white. 
Long-life bulbs operate on 2.5, 6, 12, and 28 v. 
Of modular construction, the unit is designed for 
direct panel-mounting.

Burroughs Corp., Electron Tube Div., Dept. 
ED, P.O. Box 1226, Plainfield, N.J.
Price & Availability: Complete with 2.5-v bulb, 
the unit is priced at $24 ea in quantities up to 99. 
It is immediately available from stock.
Booth 1211-1213-1215.

Super-1 antumcap lor spe­
cial applications Standard 

I antumcap loi general use. 
Hotli meet all proposed 
Mil specs (the Super 
r u< ed\ t hem ). have t he 
same long life, miniature 
si/e and Built in Reliabil- 
il\ I oi complete inlor- 
nuit ion write t oda\ I or
Bulletin No HfW

TYPICAL 
APPLICATIONS

Coupling, Energy 
storing. Pulse 
energy

Pulse networks. 
Bypassing, 
Filtering

CHARACTERISTICS

Leakage current

Dissipation 
factor

SUPER-TANTUMCAP
MIL-C-26655 

(USAF) PROPOSED

Voltmeter
Measures from 1 mv to 10 v

.015 ge/V/pt .05 pa/V/pt

BUILT-IN RELIABILITY Micamold's manufacturing concept wherein 
rigid controls during production insure the quality and stability proved 
by “after the fact" testing Results are much more conclusive!

MICAMOLD ELECTRONICS MANUFACTURING CORPORATION
SUBSIDIARY OF GENERAL INSTRUMENT CORPORATION

65 Gouverneur Street. Newark 4. N J. HUmbo/cft 5-2100

CIRCLE 153 ON READER-SERVICE CARD 
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Model 411A voltmeter measures from 1 mv to 
10 v and has a sensitivity of 10 mv full scale. 
Frequency range is 5 kc to 1 kmc. Accuracy is 
±3% full scale from 10 kc to 50 me, ±6% from 
50 me to 150 kmc, and ± 1 db from 5 kc to 1 kmc. 
The instrument has a large, linear meter scale.

Hewlett-Packard Co., Dept. ED, 275 Page Mill 
Road, Palo Alto, Calif.
Booth 3302-3304-3306, 3401-3403-3405.

Don’t miss an issue 
of ELECTRONIC DESIGN; 
return your renewal card today.

ELECTRONIC DESIGN • March 16, 1960
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IMMEDIATE 
OFF-THE- 

SHELF
DELIVERY

SOURCE 
OF 

tional

first... 
2N1440 
and 
2N327A 
series 
silicon 
alloy 
transistors 
that 
surpass 
all 
industry 
standards
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scale, 
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from 
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3 Mill

SEMICONDUCTORS

BOOTH #2007 
IRE SHOW

2N7O2 ........ 2N56O
NOW...
NPN SILICON MESA

Factory Prices in Quantities of 1—99 
Write for specification sheets

MILGRAY ELECTRONICS, INC.
□6 LIBERTY STREET, NEW YORK CITY6, 

REctor 2-4400
TWX-NY1-4013 • FAX-FQF 

ENTERPRISE AND ZENITH NUMBERS
IN LEADING INDUSTRIAL AREAS

CIRCLE 154 ON READER-SERVICE CARD
ELECTRONIC DESIGN • March 16,

your new source for silicon mesa transistors
for switching and high frequency applications

tional SEMICONDUCTOR CORPORATION

P.O. Box 443, Danbury, Conn. • Pioneer 3-7624 • TWX DANB 452-U
60 1

CIRCLE 155 ON READER-SERVICE CARD
1960 1960



NEW PRODUCTS at the ire show

announcing the 
availability 
on the 
American
market of

multiple 
connectors

small, multi-pole 
connectors

small shielded, 
multi-pole 

connectors

HIRSCHMANN
plugs • sockets

terminals pick-up plugs 
and sockets

Display Scanner 632
Model 166C, used with type 160B oscilloscope, 

provides outputs to duplicate crt traces with an 
X-Y recorder. It provides uniform, detailed plots over 
the entire waveform.

Hewlett-Packard Co., Dept. ED, 275 page Mill 
Road, Palo Alto, Calif.
Booth 3302-3304-3306, 3401-3403-3405.

Wirewound Resistors 491
Bobbin types WW and HW have resistances of 

0.1 ohms to 6 meg. Made to surpass MIL-R-93B, 
the units have tolerances of 0.02% to 1%.

Dale Products. Inc., Dept. ED, Columbus, Nebr. 
Booth 2627-2629.

IF and RF Amplifiers 490
These units cover a band from 40 to 80 mc, have 

a 30-db gain, and a matched input with a vswr of 
less than 1.5 v. Power supplies are included.

LEL, Inc., Dept. ED, 380 Oak St., Copiague, N.Y. 
Price ¿r Availability: Price is $1795 ea. Delivery 
time is 30 days.
Booth 2102.

Waveguide Switches 681

X'. *

fob

r

transistorized readout
“TRIXIE ' READOUT ]0

NIXIf 15031

Hirschmann precision made components, a standard of 
excellence in Europe for more than 30 years, are now 
available to meet your design, production and replacement 
needs from the Rye Sound Corp., its 20 sales offices and 
its national distributor organization. Hirschmann prod­
ucts are standard equipment on such well-known European 
brands as Norelco, Grundig, Nordmende, Blaupunkt. 
Lowe, Telefunken, Siemens, Braun, Uher and many others.

Hirschmann plugs, sockets and terminals offer two 
distinct advantages—American designed equipment for 
American consumption can use these products, and Ameri­
can designed equipment for European consumption can 
also use these products because they are designed to 
satisfy both American and European standards.

The Hirschmann line consists of miniature type plugs, 
connectors, and couplings for transistor and other small 
size applications, as well as standard sizes. The line in­
cludes multiple connectors from 2 to 36 poles, round types, 
flat types, wire mounts, panel mounts, wall mounts, etc. 
Depending upon the type of plug, they generally feature 
strain relief, axial and transverse wire connection, flexible 
sleeves, cord grips, unbreakable construction and shock­
proofing.

Included also are spring-loaded and insulated test prods, 
plus flexible and rigid types, alligator clips, banana plugs, 
continental type electrical plugs, universal multi-function 
panel terminals, spade terminals. A complete 52-page 
catalog with detailed specifications dimensions and appli­
cations is available by writing to S. M. Scher

Exclusive U. S. sales agent
RYE SOUNt CORP., 145 Elm Street, Mamaroneck, N. Y. 
West Coast warehouse! 1113 El Centro, Hollywood 38, Calif.
Other freehion Rye Sound frod»ct) inelude: earphones, 
headaeU. miniature microphone*, tub-miniature component*

CIRCLE 156 ON READER-SERVICE CARD
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This complete line of manual and electrically-op­
erated four-post rotary switches includes a variety of 
waveguide sizes.

FXR, Inc., Dept. ED, 26-12 Borough Place, Wood­
side 77, N.Y.
Booth 3713-3717.
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phono plugs 
and sockets

banana plugs

miniature plugs, 
couplers 

and sockets

terminals

sockets

terminal strips

AC Voltage Standard 422
Output is from mv to 1000 v over the range of 50 

to 4000 cps. Accuracy is better than 0.1% and har­
monic distortion is less than 0.07%.

Gertsch Products, Inc., Dept. EI), 3211 S. La 
Cienega Blvd., Los Angeles 16, Calif.
Price ¿r Availability: The product will he available 
by October, 1960. Price has not been determined. 
Booth 3701-3703.

Lumped Constant Delay Networks 423
Offering a wide range of specifications, these 

precision units, which were formerly custom designed 
only, are now standard cataloged items.

Polyphase Instrument Co., Dept. ED, E. Fourth 
St., Bridgeport, Pa.
Booth 2839.

Fastening Devices 540
These miniature locknuts, clinch nuts, and lock col­

ars are for shafts as small as 1/16-in. in diam.
Standard Pressed Steel Co., Dept. ED, Jenkin­

town, Pa.
Booth 4127.

Qi - Sylvania 1750 w equivalent
¿ PIN 1

A REVOLUTIONARY CIRCUIT DESIGN 
MAKES THE NIXIE® INDICATOR TUBES 

DIRECTLY COMPATIBLE WITH 
TRANSISTOR CIRCUITS

New “junction protection” technique 
permits the use of medium voltage 
NPN transistors to operate the Nixie 
indicator tubes.

The result is the lowest power, all­
electronic visual readout.

“Trixie” readouts are immediately 
available from stock.

i «»d -i 4 For complete information 
. write today for Technical 
I Bulletin #TR 56.

ELECTRONIC CONTRIBUTIONS BY

See us a* IRE — Booths #1211-1213-1215 
CIRCLE 157 ON READER-SERVICE CARD 
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and-Pass Filter
Tuning range is 145 to 175 me

TENS OF THOUSANDS
LONG LIFE NIXIE’ INDICATOR TUBES

n

1215

UN* 
M W

• H ö-

41

Model L-150-1S7 band-pass filter 
has a tunable range of 150 to 175 
me. The unit is temperature-com­
pensated by means of an invar drive. 
The unloaded Q-factor is 7200, im­
pedance is 52 ohms, and the inser­
tion loss may be varied in steps 
from 0.5 to 3 db. The temperature 
range is 10 to 150 F. The unit meas­
ures 37 x 8 x 8 in. and weighs 8.5 
lb. It is manufactured in Canada.

Sinclair Radio Laboratories, Inc., 
Dept. ED, 412 Chamber of Com­
merce Bldg., Buffalo, N.Y.
Price & Availability: Price is $230; 
Delivery is in two weeks or less.
Booth 1630.

1-Mc Limit Bridge 521
For Go/No-Go Testing

Designed for testing capacitors 
on a (io/No-Go basis, model AB-5-1 
limit bridge has a range of 0 to 1000 
iqif in two ranges. Accuracy up to 
50 iipf is ±0.2 iqif; accuracy be­
tween 50 and 1000 p,^f is ±1%. 
Speed of response is less than 0.1 
sec. This unit meets government and 
commercial specifications. It is 
housed in an enclosure measuring 
’3.5 x 13.5 x 19 in. and can be sup­
plied for rack mounting.

Industrial Instruments Automation 
Corp., Dept. ED, 89 Commerce 
load. Cedar Grove, Essex County, 
<J.
Tooth 3513.

CIRCLE 158 ON READER-SERVICE CARD >

not one life failure
In November of 1957, the first Ultra Long Life NIXIE 
Indicator Tube was developed and put on life test. In 
1958, the first 100 production tubes joined this life 
test which subjected the tubes to the most severe condi­
tions; i.e., constant “lighting" of one of its 10 numbers. 
To date, not one life failure has been experienced. This 
rigid test has been in progress in excess of 10,000 hours 
which is the equivalent of more than 50,000 hours of 
normal usage.
In applications from milling machines to computers to 
digital voltmeters, to counters, tens of thousands of Ultra 
Long Life Nixie Indicator Tubes have been operating 
over one year without a single life replacement.

o Lowest Cost — Check 
low quantity prices

No replacement or 
Servicing Problems

Lowest Power

• Lightest Weight

• Most Readable 
for Number Size

• Smallest Volume, 
Any Number Size

• Maximum 
Temperature 
Shock and 
Vibration Specs

• All Electronic
• Longest Life

Write today for eight page brochure 
featuring Burroughs Nixie Indicator Tubes

N O T H E R CONTRIBUTION BY

Burroughs Corporation

Plainjteld, New Jersey

us at IRE — Booths #1211-1213-1215
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NEW PRODUCTS at the ire show

DAGE

DAGE delivers

DAGE

DAGE offers facilities 
for the design, production 
and testing of coaxial 
and triaxial connectors and 
precision hermetic seals. 
The new DAGE Facilities 
Brochure gives full details .

• isolated ground systems

• high impedance probe assemblies

• two separate grounds

• remote switch-to-ground situations

• two signals in same cable

complete line of 
triaxial connectors

write or 
phone

ELECTRIC CO., INC
Beech Grove, Indiana

The emphasis 
Ok J DAGE places on

_ . x u J engineering services 
* z jji is unique even in the

electronics field.ju;.- i
DAGE engineers and

2^ representatives are
“**■ specialists in engi-
_ x neering to specifica­

tions. "On call”
at all times, they will work with you at your 
plant or in the field to help solve problems 
involving connector design and application.

Booth No. 2433

IRE Show

Video Signal Generator
Range is 20 kc to 20 me

664

Model V-333A video signal generator provides 
point-to-point test signals continuously from 20 
kc to 20 me. A rotary switch selects one of these 
three bands: 20 to 200 kc, 0.2 to 2 me, and 2 to 
20 me. Response is flat for the full-range and is 
continuously monitored. Accuracy of the lower 
bands is ±3% or less; accuracy from 2 to 20 me 
is ±40 kc or ±1%. This generator system includes 
a radar trigger pulse adapter.

Foto-Video Laboratories, Inc., Dept. ED, 36 
Commerce Road, Cedar Grove, N.J.
Booth 3013.

Wirewound Resistors 514
Have ratings of 2 to 50 w

Types NS and MS wirewound resistors are 
available as silicone-coated units with ratings of 
2, 3, 5, 7, and 10 w and as metal clad units with 
ratings of 10, 25, and 50 w. They are non-induc- 
tively wound, miniature units. A heat and mois­
ture-resistant coating is used.

Sage Electronics Corp., Dept. ED, Box 3926, 
Brighton Sta., Rochester 10, N.Y.
Availability: Units are made to customer specifi­
cations and can be delivered in 14 to 28 days 
after ordering.
Booth 2236.

Have you sent us your subscription 
renewal form?

ope 
mit! 
the 
dati

F

The R.F. Choke that’s so small 
you can pack 200,000 

to a cubic foot

Tiny, new, WEE-DUCTOR covers a full 
range of inductances from 0.10 mH 
to 56,000 mH yet it measures only 
0.157" x 0.375".
Unique ferrite sleeve and core con­
struction provides 560,000 to 1 induct­
ance range in a tiny package . . . and 
yet when assembled side-by-side, ex­
hibit less than 2% coupling.
Essex WEE-DUCTORS are available im­
mediately from stock. WEE-DUCTORS 
are the latest addition to Essex’s broad 
line of Standard R.F. Choke Coils.

Essex Electronics Standard Line of R.F. Chokes

ESSEX 
PART NO.

WEE­
DUCTOR

RFC— 
S

RFC— 
M

RFC— 
L

1 mH .1-56,000 .1-100 1.0-1,000 1.0-10,000

Max. Res. n .035-499 .02-6.0 .04-21 .03-80

1 Max. mA 3000-26 4000-220 2700-125 4000-80

Dia. .157 .188 .250 .310

Length .375 .440 .600 .900

WRITE TODAY
Free Descriptive Literature 

Available

KMKX ELECTRONICS
0 I V I S I o H OF

xjf er.
550 Springfield Ave., Berkeley Heights, N. J. 

CRestview 3-9300
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539irectional Table

682Line-Type Modulators

636Noise Figure Meter

Socket Screw 541

Teflon Coaxial Cables 542
lakes

10,000

1-80

>0 80

Miniature Soldering Irons 543
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Load Regulation (0-100%)
Line Regulation (±10%)
RMS Ripple
Internal Impedance (DC-20KC)
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Standardization of basic circuitry permits adapta­
tion to precise requirements. Ample protection of 
equipment is incorporated; operator safety is pro­
vided for. Protective oscillator tube circuitry can be 
included.

FXR, Inc., Dept. ED, 26-12 Borough Place, Wood­
side 77, N.Y.
Booth 3713-3717.

Made to meet MIL-C-17, these miniature cables 
are designated types RG-187/U, RG-188/U, RG- 
195/U, and RG-196/U.

Inso Electronic Products, Inc., Wire and Cable 
Div., Dept. ED. Union, N.J.
Booth 4054.

concept suitable for laboratory bench use 
or in rack installations* as a component 
part of your equipment. They are also 
capable of series or parallel operation. 
Component derating and construction 
conform to the highest commercial 
practices.

Model 344A makes automatic measurements on 
operating radar sets. The unit s high senstivity per­
mits decoupling the noise source up to 20 db from 
the main transmitter line to minimize system degra­
dation.

Hewlett-Packard Co., Dept. ED, 275 Page Mill 
Road, Palo Alto, Calif.
Booth 3302-3304-3306, 3401-3403-3405.

Type pHd socket screw provides good holding 
power by using a strong head which does not cause 
indentation in soft materials. Improvement over pre­
vious models in fatigue life is by means of a new 
thread form.

Standard Pressed Steel Co., Dept. ED, Jenkin­
town, Pa.
Booth 4127.

Model 90A is a voltage-to-angular position plat- 
j nm for subjecting directional gyros to angular posi­
t ons about a vertical axis. Operation of the table 
displaces it 180 deg in either direction.

Micro Gee Products, Inc., Dept. ED, 6319 W. 
blauson Ave., Culver City, Calif.
Price ir Availability: Price is $2800; delivery time 
/ 30 days.
Booth 3846.

Model 115-10W heats to 672 F in 70 sec and 
model 115-15W heats to 717 F in 50 sec. Both use 
3 32 and 5/32-in. tips and are made for immediate 
plug-in.

Oryx Co., Dept. ED, 13804 Ventura Blvd., Sher­
i an Oaks, Calif.
1 ice ir Availability: Price is $6.95. They are avail- 
(■ >le through distributors.
1 >oth 4111.

CORPORATION
20 Boright Avenue • Kenilworth, New Jersey
BR. 2-6000 • TWX Cranford, NJ 51 • FAX-FFP

Low Cost Transistorized
DC Power Supply (width: 8*. height: W, depth: 14')

NJE answers the engineers’ quest for a low 
cost transistorized power supply that is 
fully capable of remote sensing and remote 
programming-a power supply impervious 
to overloads or short circuits.
These compact, flexible NJE power supplies 
are designed in a new “half rack” modular

WRITE TODAY FOR COMPLETE TECHNICAL DATA
Models in stock subject to prior sale • $250 each net; quantity discounts 
available >*Suitable front panels for rack mountings are available on order 
(single supply panel, Model RP1 $15 each net; dual supply panel, Model RP2 
$15 each net)

MODEL TR-18-2 MODEL TR<36-1

018 VDC 0-36 VDC
0-2 amps 01 amp
±0.05% or ±2 mv ±0.05% or ±2 mv
±0.1% or ±3 mv ±0.1% or ±3 mv
1 millivolt 1 millivolt
0.1 ohm max. 0.2 ohm max.
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For airborne and missile use, the SL series of 
solid state low level multicoders provides up to 
88 channels. Available are both single and multi­
ple speed models capable of providing standard 
IRIG signals PAM, PDM, and record in 30 to 90 
channel formats. Speeds are 112.5 to 900 samples 
per sec. Separate outputs are provided. Accuracy 
is 0.5% for signals of 10-mv amplitude, full scale. 
The 88-channel model shown measures 4x4x7 
in. and weighs about 6 lb. It requires less than 
5 w from a 28-v de source. No vacuum tubes or 
germanium devices are used.

org 205 Series Micropot design 
provides the most rugged and reliable 
standard potentiometer ever developed. 
Originally designed for the military, it is 
one of the two original multiturn, helical, 
wire-wound types of potentiometers. 
Now the 205 has found a waiting market 
in commercial applications. Because 
of the observed record of reliability, many 
of the 205 features have now been 
incorporated in new potentiometers . . . 
further proof of the quality design of 
this Borg model. A patented Borg exclusive, 
the double-thread precision lead screw, 
eliminates the need for a slide or wheel 
which rides on the resistance element of 
other types of potentiometers. With this 
lead screw, only the precious metal 
electrical contact touches the w inding at 
any time. Contact your nearest Borg 
distributor or technical representative, or 
write us for complete information.
WRITE FOR DATA SHEET BED-Al 31

Originally designed for antenna switching in the 
200 me range, this unit can be used as a general 
purpose relay. It comes with silver contacts rated 
at 5 amp, or palladium contacts rated at 3 amp. 
Contact arrangements are: single-pole, normally 
opened, normally closed, or double-throw; and 
double pole, normally closed. Operating tempera­
ture range is from —30 to J-100 C. Relay con­
tacts are designed not to open under vibration of 
0.015 in. total excursion.

F. A. Scherma Manufacturing Co., Inc., Dept. 
ED. 424 Broome St., New York 13, N.Y.
Price ¿r Availability: Available from stock. Prices 
range from $1.45 to $2.85.

PAM-PDM Multicoders
For airborne and missile use

BORG EQUIPMENT DIVISION
Amphenol-Borg Electronics Corporation 

Janesville, Wisconsin
CIRCLE 162 ON READER-SERVICE CARD



C inverter Amplifier
or use with ac electro-mechanical transducers
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Model PE-2 converter amplifier provides a car­
rier voltage and converts the ac output of a trans­
ducer into a proportional de signal for the readout 
of physical data on indicators, recorders, or servo 
control devices. The unit is for laboratories, mis­
sile ground support, and general industrial uses. 
Output impedance is 1000 ohms, output voltage 
is ±10 v de max, and system gain is 100 nominal. 
The full-scale meter sensitivity range is ±10 to 
±0.05 v. The unit consists of a regulated power 
supply, oscillator, amplifier, gain control, demodu­
lator, and output meter. It is fully transistorized 
and operates on 115 v ac 60 cps.

Pacific Electro-Kinetics, Dept. ED, 329 S. Ver­
mont Ave., Glendora, Calif.
Price & Availability: Price is $620 per unit. De­
livery is from stock to 30 days.

ices

Waveguide Adapter 464
Covers the 8000 to 10,000 me range

ÍS of 
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Model 105 waveguide adapter covers the 8000 
o 10,000 me range; it bends 30 deg and twists 45 
leg It compresses 1/8 in. and expands 1/8 in. for 
ach 3 in. of length, and is available in lengths of 
-1 2, 8, and 12 in. For all units, the maximum 
sv is 1.08 to 1 or better throughout the band, 
ht 8 and 12 in. units will permit increased twist 
nd bend while maintaining the same electrical 
ha acteristics.
I ouglas Microwave Co., Inc., Dept. ED, 252 

• hird St., Mount Vernon, N.Y.
? ¿7 Availability: Available from stock. Prices 

F' at $85, depending on size.
I Cl CLE 163 ON READER-SERVICE CARD
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TYPE

ur ^on s®a,ei*'Giass 
Nt encapsulation is fu- 
111 sion sealed to leads 
and has zero moisture ab­
sorption. Exceeds require­
ments of MIL-R-10509C, 
Char. B.

N
 Fixed film. Extremely low 

noise level. 0.1 micro- 
volt/volt. Derating to 

140° C. Average resistance 
change after 5000 hrs. is 
less than 1% Exceeds MIL-R- 
10509B, Char. X specs.

S
 Fixed film: high tempera­
ture. Less than 0.35% 
resistance change after 

1000 hrs. of load-life tests at 
max. dissipation. Exceeds 
MIL-R-11804C, Char. P.

R
 Power. Essentially non- 
inductive in high-frequen­
cy operations. Inherent 

noise level less than 0.1 mi­
crovolt per volt. Exceptional 
moisture resistance and 
overload capacity. Exceeds 
MIL-R-11804C.

When ounces and inches are important, specify 
high*reliability Corning MIL resistors

Fuse a tin oxide coating to a piece of special glass. Spiral 
a helix in it. Attach leads. You have a unique resistor.

Why unique? Because the coating is an integral part of 
the glass base. It cannot come off or change its position 
unless the unit itself is destroyed.

Because our tin oxide film cannot suffer change through 
oxidation, its physical and electrical characteristics remain 
constant in use.

The end result is a simple, rugged, extremely reliable line 
of resistors with exceptional low-noise and stable-tempera­
ture characteristics.

If you need resistors high in reliability, small in size, and 
light tn weight, you should know more about this Coming 
design. The coupon will bring you complete technical data.

CIRCLE 164 ON READER-SERVICE CARD
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N 25

N20 10 to 500 K @40°C. ±.03%/cC.
N25 10 to 1 5 meg. 1 @40°C. from -55 C.

to + 105°C,
N30 30 to 4.2 meg. 2 @40°C. ref. to 25r C.

S20 lOto 500 K
120*C.

Vi

40° C.
1 ±.03%/°C.

S25 lOto 1.5 meg. 1 2 from -55°C. 
to+235° C.,

S30 30 to 4.2 meg. 2 4 ref. to 25° C.

R31 lOto ZOK 7@40°C. ±.03%/°C.
R33 30 to 150 K 13@40°C. from -55 C.

to+235° C.,
R35 20 to 300 K 25@40°C. retto 25° C.
R37 20 to 500 K 55@40°C.
R39 40 to 1 meg. 115@40°C.

SIZE RESISTANCE 
(ohms) WATTAGE TC

NF60
NF65

100 to 100 K
100 to 360 K

'8 @70°C.
^@70°C.

±.03%/‘C. 
from -55°C.
to + 150°C., 
ref. to 25° C.

Address: Corning Glass Works, 540 High St., Bradford, Pa. 
For orders of 1000 or less, contact your distributor serviced 
by Erie Distributor Division.

^■corning electronic components
1^41 CORNING GLASS WORKS. BRADFORD, PA.
Please send data sheets on □ NF □ N □ S OR

I Name
I Company
I Address.
I City. . . . . Zone ... State
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NEW PRODUCTS AT THE IRE SHOW

AC Voltage Dividers 5 ¡6
Accuracies are 1 to 10 ppm

One of the fastest computing systems ever developed, the UNIVAC Solid-State 
Computer performs at internal speeds commonly associated with large-scale equip­
ment. Its remarkable speed and storage capacity enable the UNIVAC Solid-State 
Computer to eliminate much pre-sorting and pre-collating...and combine calcp- 
lating, reproducing, gang-punching, data-collation, and tabulating in a single run. 
Each UNIVAC SSC contains over 1,400 printed circuits plated with AUTRONEX 
ACID GOLD.

REMINGTON RAND uses autronex* acid gold 
PROCESS TO PLATE UNIVAC PRINTED CIRCUITS
Remington Rand, Division of Sperry Rand Corpora­
tion, Utica, New York, uses the AUTRONEX ACID 
GOLD PROCESS to plate printed circuit boards for 
their world-famous UNIVAC Solid-State Computer 
Systems and Equipment. Installation of the patented 
AUTRONEX ACID GOLD PLATING PROCESS 
for this work, “... totally eliminated resist failures and 
rejects in the electroplating phase,” according to a 
report from Remington Rand’s Supervisor of Chem­
ical Engineering.

This report goes on to say that “AUTRONEX ACID 
GOLD in printed circuit production offers definite 
advantages and promotes the highest quality produc­
tion.” Here are some of these advantages proved in 
Remington Rand’s own laboratories:

1. Harder and more wear-resistant surfaces.
2. Elimination of one step in plating cycle — no 

cyanide gold strike required.
3. Promotes higher bond strength of circuit to di­

electric base material by minimizing danger of 
damaging the adhesive layer.

4. Solder flow through plated holes is definitely 
better, thereby improving over-all quality.

5. AUTRONEX ACID GOLD has totally elimi­
nated circuit lifting and rejects on boards plated

. after etching. Formulations used previously at­
tacked the adhesive and undermined the circuit 
paths.

The world’s fastest and most advanced electronic data processing Corporation. The new system, which operates up to 200 times 
system for business and scientific use, the UNIVAC Lare Solid- faster than any computer in existence, can perform 250,000 addi-
State computer, by the Remington Rand Division, Sperry Rand tions and subtractions of 12-digit decimal numbers per second.

CIRCLE 165 ON READER-SERVICE CARD
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The conclusion of the report we have been quoting 
needs no further comment: “We would like to com­
mend the manner in which your company has serviced 
us in regards to materials, equipment and valuable 
advice. In many instances your promptness in making 
equipment and materials delivery has been instru­
mental in meeting vital production target dates.”

The patented AUTRONEX ACID GOLD PLATING 
PROCESS has production-proved its unique advan­
tages for over two years in the plants of leading 
manufacturers the world over. AUTRONEX can help 
you make a better, more reliable product—probably 
at far less cost than with any gold plating formulation 
you may be presently using. Evaluate AUTRONEX 
ACID GOLD ELECTROPLATE in your own plant, 
on your own product. We’d be happy to plate sample 
parts for you at no obligation. Write...wire...or 
’phone. We’ll make all the arrangements.

•Trademark for Sei-Rex patented Acid Gold Plating Process

PRECIOUS METALS DIVISION 

SEL-REX CORPORATION 
NUTLEY 10, NEW JERSEY

Series RB-500 ac voltage dividers have acct ra- 
cies of 1 to 10 ppm, depending on the model. 
They are available in a wide range of types for 
laboratory, production, and field service applica­
tions. Portable, bench, and rack models can be 
supplied in general purpose, deviation, sine­
cosine, binary, and automatic-stepping types. All 
models have an adjustable ratio transformer. They 
have in-line readout and provide a range of ra­
tios of +1.111111:1 to -0.111111:1.

North Atlantic Industries, Inc., Instrumentation! 
Div., Dept. ED. Terminal Drive, Plainview, L.I.. 
N.Y.
Booth 3012.

sh< 
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Cc 
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Power Supply
Occupies 16 sq. in. bench space

Model 101 power supply, designed for low 
power transistor applications, occupies 16 sq in. o 
bench space. The supply voltage range is 4 to 81 
v de, the trip current range is 12 to 500 ma, ant 
the turn-off time is 250 psec. A 1.5-v battery i 
used.

Sinclair Radio Laboratories, Inc., Dept. ED 
412 Chamber of Commerce Bldg., Buffalo, N.Y. 
Price & Availability: Price is $35 fob Buffalo 
Delivery is in two weeks or less.
Booth 1630.

Don’t forget to mail your renewal 

to continue receiving 
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( -ystal Can Relay
Sensitivity is 250 mw
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Type MV 7033 crystal can relay has a sensitivity 
of 250 mw. Designed to meet MS 24250-6, it oper­
ates over the temperature range of —65 to —|—125 
C, under vibration of 20 g to 2000 cps, and under 
shock to 50 g. The nominal operating voltage is 
26.5 v de and the coil resistance is 600 ohms. 
Contact arrangement is dpdt with a rating of 2 
amp at 115 v ac. It is hermetically sealed and is 
constructed with side-angle brackets and solder­
hook terminals.

Elgin National Watch Co., Dept. ED, 2435 
N. Naomi St., Burbank, Calif.
Price & Availability: Units are available from 
stock at a price that is normal for crystal can 
relays.
Booth 2232.

Digital Frequency Meter
Measures 10 cps to 110 me

ir low 

q in. ol 
4 to SI 
ia, ani 
terv i
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bifid
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19Ó

Model 7175 digital frequency meter measures 
from 10 cps to 110 mc with an accuracy of 
0.00003% ±0.1 cps. The instrument has a sen­
sitivity of 100 mv rms. The input impedance is 1 
meg up to 10 mo and 100 ohms above 10 mc. The 
meter consists of a counter closely integrated with 
a heterodyne frequency converter. The reading 
ppears in the form of a counter display of 

<>,000,000 to 9,999,999; the operator adds a refer- 
nce indication of 10, 15, 20, 30, 40, 50, 60, 70, 80, 

<0, or 100 me.
Beckman Instruments, Inc., Berkeley Div., Dept. 

ID, 2200 Wright Ave., Richmond, Calif.
'rice ¿r Availability: Available for 30 day deliv- 
ry, the unit is priced at $1895.
tooth 3416-3418.
< CIRCLE 166 ON READER-SERVICE CARD
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In just two years the Electronic Components Division 
of ESC has become the nation’s leading supplier of 
quality custom built and stock Video Transformers.

ESC Video Transformers are designed and manufac­
tured to meet the requirements of simultaneous trans­
mission of both low and high frequencies commonly 
encountered in television, computers, scatter transmis­
sion, atomic instrumentations, etc.

« « x» a M Mi »

Additional applications include interstage coupling, 
phase inversion, isolation and pulse applications requir­
ing extremely wide range in pulse width of good wave 
form.—Bandwidths from audio to above 10 me.—avail­
able cased and uncased, in stock designs or to your 
rigid specifications.

Write today for complete technical data.

electronic components division fgefJ M cobpoaa noN

PUNCH CCSHW-BMCf
AU SUCK BMÏ UIB

ESC was the first company devoted exclusively to 
the design and manufacture of custom-built and 
stock Delay Lines... for military and industrial 
applications. Whatever the requirement, ESC can

design and build precisely the Delay Line you 
need-easily, efficiently and exactly as specified. 
Write today for complete technical data.

See You At The IRE Show-Booth #2915
exceptional employment opportunities for engineers experienced 
in computer components... excellent profit-sharing plan.

Distributed constant delay lines • Lumped-constant delay lines • Variable delay networks • Continuously variable delay lines • Pushbutton decade delay lines • Shift 
registers • Pulse transformers • Medium and low-power transformers • Filters of all types • Pulse-forming networks • Miniature plug in encapsulated circuit assemblies 

CIRCLE 167 ON READER-SERVICE CARD



Jacks 38<
For communication equipment

“servo/riter" is a trademark 
of Texas Instruments

107

NEW PRODUCTS
AT THE IRE SHOW

The new "servo/riter" 
recorder is a companion to 

the proved "recti/riter" 
recorder.

SELF-BALANCING POTENTIOMETRIC RECORDER

OFFERS YOU MORE HIGH PERFORMANCE FEATURES 
THAN ANY OTHER RECORDER... at any pricel

The old cliché, “You can pay more but you can’t buy 
better’’ was never more applicable than in the new 
“servo/riter” recorder. Texas Instruments has devel­
oped a self-balancing potentiometric recorder that 
incorporates premium engineering refinements, sensi­
tivity, reliability and quality construction as standard 
equipment.

High-Sensitivity — Standard electrical span of 2.5 
millivolt d-c with off-balance input resistance of 4 
megohms gives a power sensitivity of better than 
10~17 watts.
Fast Pen Speed — Span step response is less than 
0.5 second.

High Interference Rejection — Good filtering provides 
high orders of rejection to common-mode d-c and all 
types of 60 cps interference. Guard shields permit 
making full-accuracy measurements at hundreds of 
volts above ground.
Long-Term Reliability — Tube life is prolonged by 

heat-dissipating shields. Amplifier gain is stabilized 
by partial negative feedback. Non-lash, non-wearing, 
toothed belt drive gives long consistent performance. 
Superior Operating Conveniences — Recorder func­
tion is easily changed by plug-in input units. Presently 
standard are 2.5, 5, or 10 millivolt d-c electrical spans 
. . . special applications and ranges are easily accom­
modated. “Micrometer” control for zero adjustment 
and main amplifier gain control are readily accessible 
as are all other adjustments, connections, and con­
trols. The popular 10-speed chart gears and the high- 
capacity, easy-prime ink handling system proved on 
the “recti/riter”® recorder are standard equipment on 
the “servo/riter” recorder.
There are four “servo/riter” recorder models to choose 
from .. . Single Channel, Narrow Grid; Single Channel, 
Wide Grid; Dual Channel, Narrow Grids; and Dual 
Channel (overlapping pens), Wide Grid. Write for 
technical literature and TI engineering assistance in 
your specific end or OEM use.

° Texas Instruments
GEOSCIENCES & INSTRUMENTATION DIVISION 

3609 BUFFALO SPEEDWAY • HOUSTON 6. TEXAS • CABLE: TEXINS

The long-frame Twin-Jax are de­
signed for communication equip­
ment. Two styles are offered: MT- 
388, having a shorting feature that 
is broken when a two-conductor 
plug is inserted into either sleeve, 
and MT-389, with three intercon­
nected conductor jacks. Type MT- 
388 is also known as military type j 
JJ-088. Both models have double 
width frames with two mounting 
ears on 1-3/8-in. centers. Bushings 
are on 5/8-in. centers.

Switchcraft, Inc., Dept. ED, 5555 
N. Elston Ave., Chicago 30, Ill. 
Booth 2827.

Power Resistor 475
Is rated at 5 w up to 100 C

Type RH-5 subminiature power 
resistor is rated at 5 w up to 100 C 
when mounted on a panel measuring 
5 x 7 x 0.026 in. The unit has a free- 
air rating of 5 w at 25 C. Resistance 
range is 10 ohms to 20 K with toler­
ances of 0.05%, 0.1%, 0.25%, 0.5%, 1%, 
and 3%. The operating temperature 
range is from —55 to -j-275 C and 
the temperature coefficient is 0.00002 
per deg C. The unit is sealed in 
silicone and enclosed in an alumi­
num radiator-finned housing for 
mounting to a chassis or heat sink. 
Welded construction is used from 
terminal to terminal. Impervious to 
salt spray and moisture, the unit 
meets MIL-R-18546B.

Dale Products, Inc., Dept. ED, 
Columbus, Nebr.
Booth 2627-2629.

* CIRCLE 168 ON READER-SERVICE CARD
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Trimmer 
Potentiometers

SPECIFY THE LEADING LINE . . .

Choose from the industry’s widest 
line of axial lead and stud mounted 
silicon diodes. All units available “off- 
the-shelf” at your nearest Authorized 
Industrial Distributor or from Indus­
trial Representatives throughout 
the world.

5E4 (Cap Load) 400
(Res. I oed) 400

ZE4 (Cap Load) 4UU 
(Res. Load) 400

Rating is 1 w to 90 C

The 1200 series of trimmer poten­
tiometers offers a rating of 1 w at 
up to 90 C. These 25-tum units have 
complete welded construction of all 
fixed connectors and are sealed for 
maximum protection against envi­
ronmental conditions. Temperature 
range is —65 to -4-165 C, resistance 
range is 10 ohms to 50 K, and stand­
ard tolerance is 5%. Dimensions are 
1.25 x 0.28 x 0.31 in. Three terminal 
configurations are offered.

Dale Products, Inc., Dept. ED, 
Columbus, Nebr.
Booth 2627-2629.

Operates from —65 to +85 C

The SV series constant-voltage 
relay, designed to operate over the 
temperature range of —65 to +85 
C, maintains its pull-in voltage to 
within ±5% of nominal. Voltage 
range is 25 to 200 v de. The contact 
rating is 4 amp at 115 v ac or 32 v 
de. The unit stands vibration of 20 g 
to 2000 cps and shock of 50 g for 11 
msec.

Hi-G, Inc., Dept. ED, Bradley 
Field, Windsor I^ocks, Conn.
Price ir Availability: The unit is 
made on order and can be delivered 
in 30 days.
Booth 2227.

Sweep Generator 482
Is flat to ±0.05 db

Model 707-1 rf sweep generator 
provides an output flatness of ±0.05 
db over the highest single octave, 50 
to 100 me. Variable sweep rates are 
from 60 per sec to one every two 
minutes. The unit is adaptable for 
use with an X-Y plotter.

Jerrold Electronics Corp., Indus­
trial Electronics Corp., Dept. ED, 
15th & Lehigh, Philadelphia 32, Pa. 
Price ir Availability: Available from 
stock for 30-day delivery, the unit is 
priced at $795.
Booth 3056. PHONE OREGON 8-6281 • CABLE RECTUSA

ICUSE, NEW YORK 2366 JAMES STREET, HEMPSTEAD 7 8495 • CHICAGO, ILLINOIS: 205 W WACKER DRIVE, 

RE, PENNSYLVANIA. SUBURBAN SQUARE BLDG., MIDWAY 9 1428 • BERKLEY, MICHIGAN: 1799 COOLIDGE

HIGHWAY, LINCOLN 9 1144 • CANADA 1581 BANK ST., OTTAWA, ONTARIO, REGENT 3 6880

Type 
Number

Type 
Number

Peak inverse 
Veltage, 

Veits

DC Output 
Current, 

Ma

Max. DC I 
Reverse 
Current 

Me

1N1701 
1N17O2 
IN1703 
IN1704 
1N1705 
IN 1708

50
100
200
300
400
500

300 
300
300 
300
300
300

°-4 
0.4 
03 
0.3 !
03
0.3

IN1707 50 500 0.4
IN1706 100 500 0.4
1N17O9 200 500 0.3
1N1710 300 500 0.3
1N1711 400 500 0.3
1N1712 500 500 03

1N607A 
1N608A 
1N609A 
1NS10A 
1N611A 
1N812A 
1N613A 
1N614A

$0-91 100 550 i.o 1
$0-92 zoo 550 1.0 I
S0-93 300 550 13 I
80-94 400 550 0.80 1
$0-95 500 550 0.65

SD-91A 100 750 0.5
S0-92A 200 750 0.5
S0-93A 300 750 0.5
SD-94A 400 750 03
S0-95A 500 750 03 j

FOR DETAILED DATA. CIRCLE

1N536 50 250 0.4
1N537 100 250 0.4
1N539 300 250 03
IN1095 500 250 0.3
IN1096 600 250 0.3



"METALS FOR

Tubular Products NEWS

C. P. CLARE'S MERCURY-WETTED
CONTACT RELAYS PERFECTLY SEALED WITH
GLASS-TO-METAL SEALING ALLOY
C. P. Clare & Company, Chicago, Illinois, produces a com­
plete line of mercury-wetted contact relays characterized by 
long life, high speed of operation and no contact bounce. 
To supply relays that have a conservative life expectancy of 
more than a billion operations requires absolute perfection 
in all phases of manufacturing. C. P. Clare uses Bishop’s 
#52 alloy tubing for the critical tubular stems of these 
relays. Mercury and hydrogen at 150 psig are introduced 
through this connecting stem which is then sealed off by 
welding and forging. Can glass-to-metal sealing alloys solve 
any of your problems? Bishop makes a complete line . . . 
use the coupon for details. (Circle 816 on inquiry card)

TUBING TAKES 5,400 PSI IN HONEYWELL’S MISSILE CHARGING SYSTEM

J. BISHOP & CO-
platinum works

FOR HELPFUL DATA USE THIS HANDY COUPON

□ Glass-Ta- Metal
Sealing Alley Data

Tukilar Predicts
Bulletin No. 12

Spedai Taking Dita

□

Check information you’d like and mail to 
J. BISHOP & CO., 
55 King St., Malvern, Penna.

□
PlahMm Pradads
Catalog No. 4

Nam«

Position

Company

Address

Zone State

CIRCLE 816, 817 ON READER-SERVICE CARD

PRECISION AND PERFORMANCE”

Super pressure stainless steel tubing con­
nects many components of the cubicles 
illustrated. Minnea polis-Honey well’s 
Missile Equipment Division, Pottstown, 
Penna, builds these control cubicles that 
make up the gas charging system for the 
Bomarc missile. Bishop supplies Honey­
well with two sizes of 304 seamless super 
pressure tubing for this application. Dur­
ing charging of the missile, tubing handles 
pressures up to 5,400 psi. If you use small 
diameter tubing—super pressure, com­
mercial quality or other—consider 
Bishop. Use the coupon for a copy of 
Bishop’s Tubular Products Bulletin.
________ (Circle 817 on inquiry card)

Tubular Products Division
55 KING STREET, MALVERN, PENNA

Niagara 4-3100

THIS IS THE BISHOP LINE:
Products of all the Platinum Metals... 
Small diameter Stainless Steel, 
nickel and special alloy tubing

NEW PRODUCTS AT THE IRE SHOW .

L-Band Oscillator 4! 6
Electronically tunable

Type Z-5405 L-Band oscillator is electronically 
tunable over the range of 1000 to 2300 me with a 
minimum power output of 1 w. The average efii- 
ciency over this range is about 20% and power 
variation is less than 1.5:1. A microwave power 
source with a de input-lead and an rf output-con­
nector, the unit weighs 3 lb and does not require 
air or water cooling. Applications are in radar 
counter-measure, telemetry, fusing, and other com­
munications systems.

General Electric Co., Dept. ED. Schenectady 5, 
N.Y.
Booth 2904-2932.

Ball-Bearing Potentiometer 508
Has 2-in. diam

Type BC-200 ball-bearing precision potentiom­
eter is a single-turn unit measuring 2 in. in diam­
eter. It has good linearity and low-starting and 
running torque. Ganging can be accomplished 
readily with a special drive pin and tension 
pickup combination. Precise 360-deg external 
phasing permits independent rotation of each 
ganged potentiometer for accurate individual or 
related adjustment. The unit has a one-piece 
molded housing and a phenolic envelope.

Dejur-Amsco Corp., Electronics Div., Dept. ED, 
45-01 Northern Blvd., Long Island City 1, N.Y. 
Availability: Units can be delivered in 14 days. 
Booth 2307-2309.
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It could 

happen...

with EHÙenca 

CAPACITORS!
ically 
/ith a
3 efii- 
lower 
lower 
-con- 
quire 
radar 
com-

dy 5,

IN QUANTITIES UP TO
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The authorized distributors listed below carry a 
full stock of all Elmenco Capacitors and can give 
you Immediate Delivery from stock.
ARIZONA: Radio Specialties & Appl. Corp., 917 
N. 7th St.. Phoenix; Standard Radio Parts Inc., 
218 N. First Ave., Tucson
CALIFORNIA: Brill Elect., 610 E. 10th St., Oakland; 
Elect. Supply Corp., 2085 E. Foothill Blvd., Pasa­
dena; Federated Purchaser Inc., 11275 W. Olympic 
Blvd., L. A. 64; Hollywood Radio Supply Inc., 5606 
Hollywood Blvd., Hollywood 28; Pacific Wholesale 
Co., 1850 Mission St., San Francisco 3; Peninsula 
Elect., 656 S. 1st St., San Jose; Shanks t> Wright 
Inc., 2045 Kettner Blvd., San Diego; Shelley Radio 
Co. Inc., 2008 Westwood Blvd., L. A. 25; R V. 
Weatherford Co., 6921 San Fernando Rd., Glendale 
1; Zack Electronics, 654 High St., Palo Alto.
COLORADO Denver Electronics Supply Co., 1254
Arapahoe St., Denver 4
DISTRICT OF COLUMBIA: Capitol Radio Whole­
salers Inc., 2120 14 St., N.W., Wash., D C
FLORIDA: Elect. Supply, 909 Morningside Dr . Mel­
bourne; Elect. Supply, 61 N. E. 9th St., Miami.
ILLINOIS: Newark Electronics Corp., 223 W. 
Madison St., Chicago 6.
MARYLAND Kann-Eilert Electronics Inc., Howard 
& Redwood Sts., Balt. 1; Wholesale Radio Parts 
Co. Inc., 308 W. Redwood St., Baltimore 1.

MASSACHUSETTS: Cramer Electronics Inc., 811 
Boylston St., Boston 16; Radio Shack Corp., 
730 Commonwealth Ave., Boston 17.
NEW JERSEY: Federated Purchaser Inc., 1021 
U. S Rte 22, Mountainside; Radio Elec. Ser­
vice Co., Inc., 513 Cooper St., Camden 2
NEW MEXICO: Midland Specialty Co., 1712 to 
mas BI. N.E., Albuquerque; Radio Specialties 
Co., Inc., 209 Penn Ave., Alamagordo.
NEW YORK: Arrow Elect. Inc., 525 Jericho Turn 
pike, Mineola, L. I., Elect. Center Inc., 211 W 19th 
St., N.Y 11; Harvey Radio Co., Inc., 103 W 43rd 
St., N.Y. 36 Lafayette Radio, 100 Sixth Ave . N Y 
13; Terminal Elect. Inc., 236 W 17 St., N Y 17.
PENNSYLVANIA: Almo Radio Co., 412 N 6th St., 
Phila. 23; George D. Barbey Co. Inc., 622 Colum­
bia Ave., Lancaster; George 0. Barbey Co. Inc., 
2nd & Penn Sts., Reading; D. I> H. Distributing 
Co., Inc., 2535 N. 7th St., Harrisburg; Phila 
Elect. Inc., 1225 Vine St., Phila. 7; Radio Elec. 
Service Co., Inc., 701 Arch St., Phila. 6; A. Stein­
berg A Co., 2520 N. Broad St Phila ; Wholesale 
Radio Parts Co., Inc., 1650 Whiteford Rd., York
TEXAS: All-State Dist. Co., 2411 Ross Ave., Dallas 
1; Busacker Elect. Equip. Co. Inc., 1216 W. Clay, 
Houston 19; Engineering Supply Co., 6000 Denton 
Dr., Dallas 35; Midland Specialty Co., 500 W. 
Paisann Dr., El Paso; The Perry Shankle Co., 1801 
S. Flores St, San Antonin
WASHINGTON: CIG Radio Supply Co., 2221 
Third Ave., Seattle.

CANADA: Electro Sonic Supply Co., Ltd., 543 
Yonge Street, Toronto 5, Ont.

¿(¿fifed
CAPACITORS MPD

INSURE FAILURE-PROOF PERFORMANCE!
Only 1 Failure in 7,168,000 Unit-Hours for 0.1 MFD Capacitors

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

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

200 WVDC — .018 to .5 MFD

400 WVDC — .0082 to .33 MFD

600 WVDC — .0018 to .25 MFD

1000 WVDC — .001 to .1 MMF

1600 WVDC — .001 to .05 MFD

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

SPECIFICATIONS
• TOLERANCES: ±10% and ±20%. Closer tol­
erances available on request.

• INSULATION: Durez phenolic resin impregnated.

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

• DIELECTRIC STRENGTH: 2 or 2y2 times rated 
voltage, depending upon working voltage.

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

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

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

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

•Registered Trade Mark of DuPont Co.

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

ARCO ELECTRONICS, INC.
NEW YORK • DALLAS • LOS ANGELES
Exclusive Supplier of ELMENCO Capacitors to
Distributors and Jobbers in USA. and Canada

Manufactures of El-M.nco Capacitor«
• molded mica* dipped mica • mica trimmer • dipped paper 

• tubular paper • ceramic • silvered mica Rims • ceramic discs
Exclusive Supplier To Jobbers and Distributors in the U.S. and Canada 

Arco Electronics, Inc., 64 White St., New York 13, N. Y.

CIRCLE 172 ON READER-SERVICE CARDCIRCLE 171 ON READER-SERVICE CARD
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silicon rectifiers

efficiency types

hut ampi

■ 325

0.375

0.425

Taman Jadee

Series 8105 micro-miniature hermaphroditic 
connector is a rack and panel type with high- 
contact density. Both mating insulators are alike 
except for their contact numbering. The mating 
contact area extends 50% above the insulator sur­
face and 50% below it, inside the insulator contact 
holes. The connector shown has four rows of 8 
contacts; spacing between contacts is 0.1 in. and 
between rows, 0.125 in.

Elco Corp., Dept. ED, M St. Below Erie Ave., 
Philadelphia 24, Pa.
Booth 1515.

ELECTRONIC DESIGN • March 16

nut imps NEGATIVE POSITIVEmil. 
RMS 
volts empt 

DC 
(110° C)

imps. 
DC 

(100' C)

Operating over the range of 10.5 to 12.4 kmc, 
Model MMX-3 matched mixer-preamplifier assem­
bly is gain-stabilized and has a 20-mc if bandpass 
centered at 60 mc. The over-all gain is 25 db min 
and the noise figure is 9 db max. Output imped­
ance is 50 ohms. The unit is suitable for gain and 
noise figure measurements on masers and para­
metric up-converters in addition to use as a stand­
ard sub-assembly for radar or missile receiving 
systems.

LEL, Inc., Dept. ED, 380 Oak St.. Copiague, 
N.Y.
Price ¿r Availability: Price is $995 ea when one 
unit is ordered and $695 ea for quantities up to 
50. It is available from stock for a three to four- 
week delivery.
Booth 2102.

Mixer-Preamplifier Assembly
Range is 10.5 to 12.4 kmc

Hermaphroditic Connector
Rack and panel type

invars« 
voltate

■ 13
\ p 1

E El 
□

•

QI
■ —.1 ......
iSS«CE|l|*9Ri J

□

□
_."9BS________ ______

q
SOO

recurrent surfe 
DUk IMS

1 1980 3.25 195 280SM 1N1113
1 1100 3.5 21 240SM 1N1112

! 1400 3.75 225 200SM 1N1111

1 1120 4 24 160SM 1N111B
1 040 4.25 255 120SM 1N1109

560 4.5 27 00SM 1N1108

70 5 30 I0M INI 081

140 5 30 20M 1N1082

210 5 30 30M INI083

280 S 30 40M 1N1084

280 S 30 M-500 1N1084

350 5 30 50M —

420 5 30 60M —

140 7.5 75 F2 1N2482

280 75 75 F-4 1N2483

420 U 75 F6 IN7484

70 75 75 10H —

140 75 75 20H IN2405

210 75 75 30H IN2488

280 75 75 40H 1N2487

350 75 75 50H 1N2480

«. 75 75 60H 1N2409

verse cur- 
volt RMS rent iur|v Tirziin Jedec Tinian
lie volts pen 4MS Type No. Type

100 70 10 100 - - I0J1 INK

5

200

300

140

210

10

10

100

100 * —
20J1

30JI

INK!

INK

400 280 10 100 - — 40J1 INK

100 70 30 100 - - IOLA ININ

200 140 30 100 - - 20LA ININ

300 210 30 100 — - 30LA ININ

400 280 30 100 - - 40LA ININ

100 70 50 150 — - 1012 INK

200 140 50 150 - - 20J2 INK

300 210 50 150 - — 30J2 INK

400 280 50 150 - - 40J2 INK

50 35 120 200 5RAN 1N1157 5RAP 1N1I

100 70 120 200 10RAN 1N1158 10RAP INK

200 140 120 200 20RAN 1N1159 20RAP INI!

300 210 120 200 30RAN 1N1160 30RAP INK

400 280 120 200 40RAN — 40RAP -

50 35 210 350 5SAN 1N1161 5SAP 1N1I

100 71 210 350 10SAN 1N1162 10SAP INI!

200 140 210 350 20SAN 1N1163 20SAP INI!

300 210 210 350 30SAN 1N1164 30SAP INI!

400 280 210 350 40SAN - 40SAP -|



Rated at from 0.325 to 250 amps, 
in complete variety of case designs and terminals

Proved performance, low cost, 
prompt shipment from stock

Sarkes Tarzian’s “Designers’ Line” silicon recti­
fiers offer the small size, high efficiency, mounting 
versatility, and wide range of ratings that can 
help solve many of your power conversion cir­
cuitry problems. Tarzian’s realistic prices make 
these high quality components practical for al­
most all commercial and military applications.

The 84 types of Tarzian “Designers’ Line” recti­
fiers feature extremely lowjunction current density 
to provide maximum reliability and operating life.

Their-55°Cto + 125°C temperature range makes 
Tarzian silicon rectifiers ideal for circuits where 
ambient temperatures are high and small size is 
desired. Ratings range from 0.325 to 250 amperes.

Tarzian types are available for immediate 
delivery in production quantities from factory or 
warehouse stocks. Complete power conversion 
engineering service on your rectifier requirements 
is available at no charge or obligation.

For further information contact your nearest 
Tarzian sales representative or write to Section 
4394B, Semiconductor Division, Sarkes Tarzian, 
Inc., Bloomington, Indiana.

POSITIVE
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11 1N1I
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2 1NII

? 1NII

AP

I NW
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AP 1N111

AP
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1H1I1

1N111

AP
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IP

IP

IP
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Ohmmeter
Range extends as low as 10 pohms

397

li

SARKES TARZIAN, INC 
SEMICONDUCTOR DIVISION

---------------- BLOOMINGTON, INDIANA -----------------
In Canada: 700 Weston Rd., Toronto 9, Ontario 

Export: Ad Auriema, Inc., New York City

amps. 
DC

(100° C)

The EMT model 325 ohmmeter has a range ex­
tending down to 10 pohms and an upper limit of 
3000 milliohms. It reads directly the internal re­
sistance of storage and primary batteries with 
and without load; it can also be used to measure 
switch contacts, breakers, and very low resistance 
busses. The range of the instrument is divided 
into nine sub-ranges. The test frequency is 50 to 
60 cps. Connection of the test sample is performed 
by clips. The instrument is manufactured in Ger­
many.

Electronic Applications, Inc., Dept. ED, 194 
Richmond Hill Ave., Stamford, Conn.
Price & Availability: Price is $399. Delivery is in 
60 days.
Booth 3929.

INUI

1NW 
nS

INVI

peak 
in-

max. amps. NEGATIVE POSITIVE

verse max. cur- 
volt- RMS rent surfe Tarzian Jedec Tarzian Jedec
ate volts peak 4MS Type No Type No.

150

1 50 35 21Ü 350 5S3N - 5S3P -

I 100 70 210 350 10S3N - 10S3P -

I 200 140 210 350 20S3N - 20S3P -

I 300 210 210 350 30S3N - 30S3P -

I 400 280 210 350 40S3N - 40S3P -

50 35 600 1000 5VAN 1N1165 5VAP IN11/9

100 70 600 1000 10VAN 1N1166 10VAP 1N1180

200 140 600 1000 20VAN 1N1167 20VAP IN1181

I 300 210 600 1000 30VAN 1N1168 30VAP 1NI182

400 280 600 1000 40VAN - 40VAP -

50 35 600 1000 5V3N - jV3P -

100 70 600 1000 10V3N - 10V3P -

700 140 600 1000 20V3N - 20V3P -

300 210 600 1000 30V3N - 30V3P -

400 280 600 1000 40V3N - 40V3P -

50 35 900 1500 5WAN 1N1263 5WAP INI 26 7

100 70 900 1500 IOWAN INI 264 10WAP INI 268

200 140 900 1500 20WAN 1N1265 20WAP 1NI269

300 210 900 1500 30WAN INI 266 30WAP INI 270

j 400 280 900 1500 40WAN • 40WAP -

200

250

Ma

C

mai, ampi NEGATIVE POSITIVE

verse max. cur- 
volt- RMS rent surge Tarzian Jedec Tarzian Jedec

ate volts peak 4MS Typo No. Typo No.

peak 
in-

50 35 900 1500 5W3N - 5W3P -

100 70 900 1500 10W3N - 10W3P -

200 140 900 1500 20W3N - 20W3P -

300 210 900 1500 30W3N - 30W3P -

400 280 900 1500 40W3N - 40W3P -

50 35 1200 2000 5XAN 1N1263A 5XAP INI 267A

100 70 1200 2000 10XAN 1N1264A 10XAP 1N1268A

200 140 1200 2000 20XAN 1N1265A 20XAP 1N1269A

300 210 1200 2000 30XAN 1N1266A 30XAP INI 270A

400 280 1200 2000 40XAN - 40XAP -

50 35 1200 2000 5X3N - 5X3P -

100 70 1200 2000 10X3N - 10X3P -

200 140 1200 2000 20X3N - 20X3P -

300 210 1200 2000 30X3N - 30X3P -

400 280 1200 2000 40X3N - 40X3P -

50 35 1500 2500 5Y3N - 5Y3P -

100 70 1500 2500 10Y3N - 10Y3P -

200 140 1500 2500 20Y3N - 20Y3P -

300 210 1500 2500 30Y3N - 30Y3P -

400 280 1500 2500 40Y3N - 40Y3P -

High Impedance Comparator 383
Frequency range is 400 cps to 10 kc

an
Model B-921 high impedance comparator has 

i adjustable voltage ratio of 0.333:1 to 3:1 and
a frequency range of 400 cps to 10 kc. A three- 
terminal bridge, the instrument has an R-trim of 
—200 to -|-800 ohms. Accuracy is 0.001%. A bat­
tery-operated preamplifier is incorporated in the 
unit; a source and a selective amplifier-detector 
are also necessary for operation.

Wayne Kerr Corp., Dept. ED, 1633 Race St., 
Philadelphia 3, Pa.
Price ir Availability: Price is $1350 fob Philadel­
phia. Delivery is in four to six weeks.
Booth 3827-3829.
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Jacks
Made of nylon

3ÿ in* h 
apMk 
d <p< 
?hiie:

Who stands still, falls behind. Fairchild Semiconduc­
tor Corporation is devoting considerable effort to 
building the lead it has achieved in advanced silicon 
semiconductor devices. We are not unique in our 
technological abilities; we do have a head start. It is 
an opportunity and a challenge based in Time.
Other manufacturers will duplicate our currently 
unique transistors. By then, our projects now in 
Research & Development will have become the ad­
vanced products of their own time and the challenge 
continues. Success is followed by greater successes 
... or obsolescence.

Our facilities and working atmosphere have attracted 
L / engineers and scientists of the highest caliber. Their 
( i work, combined with creatively oriented management 

I 1 policies and the abilities of the entire staff, has re- 
Q suited in a whole series of product innovations.

We are still moving on in transistors, and have now 
branched into diodes of similarly advanced technolo- 

PL gies. Current programs include integrated solid-state 
circuitry and investigations of semiconductor films 

‘ ^9 and 11 l-V compounds. If yours is a relevant back- 
\ ground, and if you would like to move ahead with us, 

A \ we would very much like to hear from you.

ov co 
her e 
umici 
5 viti 
lerne, 

■s.
■Gries

vh- II» 
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SEMICONDUCTOR CORPORATION

- 545 WHISMAN RD. MOUNTAIN VIEW, CALIF. / YORKSHIRE 8-8161
» -•

The Rubaiyat of Omar Khayyám

These banana jacks are made o
tough, low-loss nylon. Having a 
temperature and humidity rang«
they are made for mounting in 5/1(1 
in. holes in panels up to 5/16 in
thick. The contacts are cadmiun
plated brass.

Herman H. Smith, Inc., Dept ( 
ED, 2326 Nostrand Ave., BrooklJ) 

10, N.Y. L
Price & Availability: They ar|t 
available from stock at the price A 
$20 per 100. L
Booth 2325. [

Laminates
Can be used at 500 F

USSI

asures
uracy 
I gaus 
1SS. I 
fage 
, the 
linst t 
leratoi 
tor sh
pauso

T’ ^el 
)th 3Í

Made for electronic applications 
these laminates are specially de 
signed for high temperature use p p 
Type ARF-HT asbestos mat plas
tic, having a flexural strength 0 
35,000 psi lengthwise and 25,OOlLjesjgn 

psi crosswise, retains 40% of orig« te]e]
nal flexural strength after a 100(Af (rar 
hr exposure to 500 F. Type G3-HAtn(]w
glass fabric plastic, having a fle* 
ural strength of 60,000 psi length

UK II

wise and 50,000 psi crosswise, ah rec in 
retains 40% of flexural strength afta ppi r 
1000 hr at 500 F. Standard sheet! ( 4 05 
are 36 x 36 in. and 36 x 72 in. Typ g] j]
ARF-HT is 0.031 to 2 in. thick an 
type G3-I IT is 0.01 to 2 in. thick.

Synthanc Corp., Dept. ED 
Oaks, Pa.
Booth 4521-4523.
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asures de magnetic fields to an
uracy of 0.1%. It reads 0 to 10,-

ookhi i gaussCs with a resolution of ±1

/16 in 
diniun liis rotating-coil gaussmeter

iss. Instead of measuring the 
m tage generated by the rotating 

>nce o , t|ie instrument compares this

25,001 Jesigned for use in missile, space,
origi

G3-H
a flex

317

and width of 20 me centered at 
me It can be used with micro-

e y Availability: Available for 
e- eek delivery, the unit is

rec impedance of 300 ohms and 
ip1. The noise figure is better 
• 4 25 db.
El , Inc., Dept. ED, 380 Oak St., 
•ia ue, N.Y.?k am 

lick.
ED
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Preamplifier
Bandwidth is 20 me

telemetry applications, model 
1000 f transistorized preamplifier has
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Precision Is The Standard At Coors
Micro-Module Wafers

Tube Envelopes

Standard Terminal Insulators

DESIGN IDEAS

at $270 ea. Quantity dis- 
are available.
2102.

vu 
k
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At the IRE Show!
Coors Beryllium Oxide Ceramic
Coors is now in regular product’on of beryllium oxide 
ceramic. This new ceramic material has outstanding re­
fractory and nuclear properties. It has better resistance 
to thermal shock than most other ceramic materials and 
conducts heat better than any other ceramic material. A 
good electrical insulator at elevated temperatures, these 
components are meeting the many advanced needs of the 
electronic industry. See this Coors ceramic material at the 
IRE Show or write for new data. Booth 4005-6

COORS PORCELAIN 
COMPANY

600 Ninth Street. Golden, Colorado

h’ jr-Pin Connectors 370
Are zinc die cast

Tli se zinc, die-cast taper-pin 
uh tors are suitable for a variety 
applications such as in computers 
d pe recorders. Various designs 
Ju*ie: double leceptacles which 
ow connections to be made from 
her end, parts cast with prede- 
nnincd breaking points to enable 
e with any combination wiring 
leme, and parts cast with rivet 
5s.
Gries Reproducer Corp., Dept. 
), 125 Beechwood Ave., New 
ch rile, N.Y.
oth 4110.

iade o

awid )fOting-Coil 
iiissmeter

n 5/1Í

linst the output of a reference ac 
lerator mounted on the same
■or shaft.

law son Electrical Instrument Co., 
Dept. ED, Cambridge, Mass.

)th 3313.

Coors makes high strength ceramic envelopes to 
extremely close dimensional tolerances and in a wide 
range of sizes for use in modern electron tubes. Cer­
tain of the Coors ceramic compositions were developed 
specifically to meet the rigorous operating conditions 
and reliability requirements to which high power, high 
frequency tubes are subjected.

Illustrated here is one of the miniature ceramic 
envelopes in regular production. Coors regularly pro­
duces many other sizes up to 10" O.D. Larger sizes can 
be manufactured.

Coors ceramics have outstanding electrical and 
physical characteristics. These properties are not 
affected by high outgassing or high operating 
temperatures.

The hottest news in extreme miniaturization of 
electronic equipment is the micro-module—an amaz­
ingly small combination of sub-miniature electronic 
circuit components. The fundamental unit of a micro­
module is the high alumina ceramic base plate—a tiny 
ceramic wafer, approximately 0.300" square x 0.010" 
thick. Upon this is deposited or metalized a component 
of a circuit—a resistor, capacitor, transistor, diode, 
etc. The micro-module is a combination of several of 
these elements in a small space to serve a specific cir­
cuit function—amplifier, oscillator, etc.

Coors is manufacturing these precision wafers in 
large quantity production runs for several manufac­
turers working on the same project. Coors holds all 
dimensions of the tiny ceramic wafer to extremely 
close tolerances so that the micro-elements produced 
from them are entirely interchangeable from manu­
facturer to manufacturer.

Coors furnishes standard terminal insulators— 
available from stock—in various ratings and, also, can 
manufacture custom made insulators to meet your 
specific requirements. In the range of standard sizes, 
metal parts are bonded to the ceramic by Coors High 
Temperature Metalizing Techniques, thus producing 
strong hermetic ceramic-to-metal seals. The result is 
standard terminal insulators available for a wide range 
of requirements—insulators that have superior elec­
trical and mechanical characteristics. Production is on 
a large quantity basis—you do not pay a premium for 
high quality, precision terminals.



NEW PRODUCTS AT THE IRE SHOW

Pulse Modulators 392
Pulse width range is 1 to 15 psec

Model 330 12-mw pulse modulator provides a 
continuously adjustable pulse width range of 1 to 
15 psec at repetition rates of 100 to 1000 pps. 
Pulse energy to the primary of the pulse trans­
former is 20 kw pt*ak at 600 amp. Maximum aver­
age power delivered is 24 kw. The equipment in­
cludes monitoring circuits for observing both out­
put pulse and current, as well as meters for all 
pertinent ac and de voltages and currents. A low- 
capacity filament supply is used for the tube under 
test. Line power needed is 208 v, three phase.

Manson Laboratories, Inc., Dept. ED. P.O. Box 
1214, Stamford, Conn.
Price ir Availability: Price is quoted on request; 
delivery is in 90 to 100 days.
Booth 3923.

Connector 390
Multi-terminal type

The MTC series of multi-terminal connectors 
offers 40, 60, 80, and 100-pin sizes. They are de­
signed for mounting such components as transis­
tors, diodes, and condensers. Features include: 
basy locking bolt for securing the plug to the re­
ceptacle, easily removable cover, zinc-chromate 
finish on all hardware, and solder or taper tab 
terminals.

North Electric Co., Electronetics Div., Dept. 
ED, 553 S. Market St, Galion, Ohio.
Price ir Availability: Price is $7 to $8. Units will 
be available from stock in April, 1960. Delivery is 
in 30 days.
Booth 2125.

Don’t forget to mail your renewal form 
to continue receiving 
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VISIT US

WHERE RELIABILITY 
IS CRITICAL

ENGINEERED 
COMPONENTS
for the Electronic 
Industry

1. Chemelec* Stand-Off and Feei-Ta 
Insulators are easy to install, res stJ 
to heat and breakage, and—abf veil 
—reliable under severest conrilioj 
. .. ideal for critical electronic c rcuj 
such as missile guidance, fire c< ntre 
tracking, radar systems. Teflcn**- 
due to its excellent dielectric, me -hat 
cal and thermal properties—is medi 
the insulator body. And, Chemeli 
Compression-Mounted Stand-Off J 
Feed Thru Insulators are designed fi 
easy installation. You simply prq 
them into pre-drilled holes; they U 
come self-fastening, requiring no add 
tional hardware or adjustment. Avd 
able in compression-mounted, med 
base, miniature and sub-miniatii 
types . . . standard R.M.A. colors] 
wide range of sizes and terminal design!
2. Chemelec Sub-miniature Tube d 
Transistor Sockets have body instill 
ing material of Teflon; contact mil 
rial of brass, silver-plated and go 
flashed. Capacitance pin to pin 
MMF—pin to Chassis .7MM 
Chassis retention 50 lbs min. in ( 
panel. Contact retention 4 oz. per pi
3. Chemelec Connectors are Teftu 
insulated for outstanding high fi 
quency service. Once installed, tn 
require no further adjustment 
hardware. .040, .050, .064 pin sa 
female also in .080 size.
4. Plastic Stock Shapes and Intricate Pi 
inserts, thin sections, threaded pai 
to precision tolerances are availab 
Excellent facilities and experience 
compression and injection moldit 
extruding, machining of Teflo 
Nylon. Delrin**, Kel-Ff or ©th 
industrial plastics.
Garlock facilities and personnel are 
your disposal for design and develt 
ment of new electronic products.

ELECTRONIC PRODUCTS

AT THE IRE SHOW-BOOTHS NO. 2814 and 2816

Garlock maintains complete electri 
chemical, and physical laborato 
staffed by top-flight research 
development engineers.
Find out more about what Gari 
offers. Contact the Garlock Electri 
Products representative near you. < 
him, or write for Catalog AD-i 
Garlock Electronic Products, 
Garlock Packing Company, Cam 
1, New’ Jersey.
’Registered Trademark ’’DuPont Trademark 
fTrademark, Minnesota Mining & Manufacturing

ELECTRONIC DESIGN • March 16, 14
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Garlock electronic components are skillfully engineered for 
high temperature, high voltage, high frequency service.
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Model 151 constant current sup­
ply delivers a variable output of 0 to 
20 v at 0.5 to 500 ma. Applications 
are: semiconductor testing, diode 
aging, transistor beta tests, potenti­
ometer and current sensitive relay 
testing, electrolytic work, and in 
strain gage systems. Regulation is 
0.25% for load and 0.25% for a 105- to 
125-v ac line. Input is 105 to 125 at 
50 to 60 cps, 15 w. The unit meas­
ures 8.25 x 5 x 7.75 in. and weighs 
7.75 lb.

Quan-Tech Laboratories, Dept. 
ED, Boonton, N.J.
Price & Availability: Price is $275 
fob Boonton. Unit is available from 
stock.
Booth 3034.

ed, tl 
nent

Range is 0.05 to 2 ph

This glass-inductor kit has tuning 
cores which provide for a range of 
inductances of 0.05 to 2 ph. Ten in­
ductors, made by fusing metallic 
spirals into the surface of a low-loss 
glass coil form, are included. The 
inductors have a high stability, op­
erate from —55 to -|-125 C, and 
have Q-factors from 120 to 200. 
Maximum de current capacity is 
over 1 amp. Tolerance is ±10%. The 
kit also includes four tuning cores.

Coming Glass Works, Dept. ED, 
Bradford, Pa.
Price & Availability: Price is $24.95. 
Available in March, the kit will be 
sold by the Erie Resistor Corp.
Booth 2334, 2336, 2427 and 2429.
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Constant Current 391
Supply
Output is 0 to 20 v at 0.5 to 500 ma
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When it comes to SEMICONDUCTORSNEW PRODUCTS AT THE IRE SHOW

For the most complete line of semiconductors

v ac,

For the most dependable semiconductor devices

For new and unusual ideas in semiconductors

OUS
Westinghouse Trademark Westinghou Department Youngwood. Pa,

• Every Westinghouse semiconductor device has been carefully 
designed, manufactured, and thoroughly tested to assure long life, high 

reliability, and excellent stability.

Operating from an input of 100 to 135

ELECTRONIC DESIGN • March 16, 1960

you CAN BE SURE...IF ITS

• Only Westinghouse 2N1015 and 2N1016 silicon power transistors offer 
true voltage ratings, guaranteed by 100% power testing—means they may be operated 

continuously at the Vce listed provided the power dissipation of the transistor if 
not exceeded. Other conventional power transistors derate the Vce voltage 

under comparable conditions.

• Westinghouse has perfected the widest selection of rectifiers, 
transistors, and special semiconductor devices available in the 

industry. In Silicon power rectifiers, Westinghouse is the 
acknowledged leader in the fi ?ld.

See Westinghouse Semiconductors 
at the IRE Show
March 21 to 24
Booth 1408

• Come to Westinghouse I For mod 
information call your Westinghouse representative, 

or write directly to Westinghouse Electric 
Corp., Semiconductor Department, Youngwood, PJ

• Westinghouse is constantly pioneering in exciting new 
semiconductor devices. Among the latest: a new 50 ampere “TRINISTOR”] 

controlled rectifier; new thermoelectric cooling devices; an extremely 
rapid and sensitive infrared detector.

60 cps, single phase, the ST series of power sup­
plies has a line regulation of 0.005% of maximum 
rated voltages. The Units have the following load 
regulation: for 0 to 18 v, 0.05%; for 0 to 36 v, 
0.03%; for 0 to 60 v, 0.02%; and for 0 to 100 v, 
0.01%. The output is continuously variable down 
to 100 mv. Ripple is less than 500 mv rms and 
overshoot is less than 1%. Recovery time is 50 
psec. Units are made for rack mounting.

Mid-Eastern Electronics, Inc., Dept. ED, 32 
Commerce St., Springfield, N.J.
Availability: From stock to three weeks.
Booth 3009.

Model 601A voltage standard has an output of 
1 to 501 v ac rms, adjustable in 10-v steps. Power 
output capability is 5 amp up to 5 v and 25 w 
above 5 v. Frequencies of 60. 400, and 1000 cps 
can be selected by front panel control. Voltage 
accuracy is 0.1% or ±5 mv and short term voltage 
stability is 0.01%. Frequency stability is 1% and 
harmonic distortion is less than 0.3%. The output 
impedance with a constant resistive load is about 
0.01 ohms, which is essentially the resistance of 
the output terminals. The unit measures 19 x 12.25 
x 18 in.

Kin Tel, Div. of Cohu Electronics, Inc., Dept. 
ED, 5725 Kearny Villa Road, Box 623, San Diego 
12, Calif.
Booth 3613-3615-3617.

Power Supplies
Have outputs of 0 to 18 v up to 0 to 100

AC Voltage Standard
Output is 1 to 501 v ac rms



Pulse Generator
Range is 20 cps to 2 me

fame

2N1015 SERIES—2 AMP. NPN 150 Booth 3834
30-200 150NPN

The types listed are just a small sampling of the complete line which can be supplied in volume quantities for prompt deliveries.

183960
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2N1016 SERIES-5 AMP

Silver Cadmium Battery
Weighs 1.44 oz.

Standard rectifier assemblies are available in all typns of circuit 
configurations, and are designed for either forced airor natural 
convection cooling with a wide range of ratings. Nickel-platnd 
copper plates and other materials rsed in these assemblies 
have been chosen to insure satisfactory performance in corro­
sive atmospheres and high ambient temperatures.

Two types are available in commercial quantities: WX814 
(2.5 oz ) and WX816 (3.0 oz.). Both types measure about an 
inch and a half square and will find immediate application in 
cooling germanium transistors, infrared detectors, optical sys­
tems, mechanical and electric instruments, laboratory and 
portable medical equipment, and related fields where spot 
tooling below ambient is necessary.

Wave-length 
Response. Microm

1-12

Model 8YSO1 silver cadmium battery weighs 
only 1.44 oz and has a volume of 1.36 cu. in. A 
9-v battery7, it is made up of 8 cells having a 0.1 
amp-hr nominal capacity and supplies power for 
continuous operation for 12 to 15 hr before re­
charging if necessary .

Yardney Electric Corp., Dept. ED, 40-50 
Leonard St., New York, N.Y.
Availability: The unit is made on order.
Booth 2127.

Time Constant, 
»SEC.

TYPICAL LIMIT 
0.1 0.2 MAX.

Noise Equlvelent 
Power (NEP) Watts

TYPICAL LIMIT 
5x10-” 10—'o MAX

Model B-7 pulse generator has a frequency 
range of 20 cps to 2 me. Delay is from 0 to 10,000 
psec, pulse width is 0.05 to 10,000 psec, and 
amplitude is 50 v into 50 ohms. Rise and fall time 
is better than 15 mpsec. The normal duty factor 
of 30% can be increased with a reduction in am­
plitude so that the instrument does not fan out. 
Attenuation is 50 db in 10-db steps or 20-db con­
tinuous, positive or negative pulses. A minimum 
external triggering of ±10 v is required. The 
synchronous output is 0.05 psec wide and has an 
amplitude of 10 v; time lag is 0.2 psec. The unit 
measures 19 x 8-3/4 x 12 in.

Rutherford Electronics Co., Dept. ED, 8944 
Lindblade St., Culver City, Calif.
Price 6 Availability: Price is $720; the unit is 
available from stock and can be delivered in 21
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ALPHA CUTOFF 
.300

ALPHA CUTOFF 
.300

SILICON POWER TRANSISTORS

TYPE 812 INFRARED DETE

RECTIFIER 
ASSEMBLIES

THERMOELECTRIC 
COOLING DEVICES

SILICON RECTIFIERS 1 P.I.V.
Max. DC Current 

at VC 
Resistive Leed

Max One 
Cycle 60 

C.P.S Surge
Full Lead

Max. Rev. Peek 
CurrentMex. 
Temp &P.I.V.

LOW 1N1217 SERIES
RECÍ L 1N1227 SERIES

50-1000 V.
50-1000 V.

500 MA @ 110°C. AMB.
1.6 A @ 140°C. CASE

15 AMPS.
15 AMPS.

1.5 MA @ 150’C. 
JUNCTION

1N1341 SERIES
POWtiT —4 1N1199 SERIES
rECT INI 191 SERIES

■ INI 183 SERIES

50-600 V.
50-600 V.
50-600 V.
50-600 V.

6A@ 150°C. CASE
12 A @ 150*C. CASE
18 A @ 140 "C. CASE
35 A @ 140’C. CASE

170 AMPS.
220 AMPS.
220 AMPS.
220 AMPS.

10 MA ® 190’C. 
JUNCTION

1N1396 SERIES

HIGH 1N1660 SERIES
POWER *- •- <P
RECT. - * 1N167O SERIES

439 SERIES

50-500 V.

50-500 V.

50-500 V.

50-600 V.

70 A @ 150°C. CASE

160 A @ 125*C. CASE

240 A @ 125’C. CASE

240 A @ 125'C. CASE

1200 AMPS.

2000 AMPS.

3000 AMPS.

3000 AMPS.

30 MA @ 190°C. 
JUNCTION

40 MA @ 190’C. 
JUNCTION

50 MA @ 190’C. 
JUNCTION

GERMANIUM TRANSISTORS
Class Typical Operation Maximum Ratings

leso 
»a hrs

f 
mc/s

Vcs 
V

Ic 
ma

Pc 
mw •c

2N59 AUDIO-PNP 10 100 1.2 20 200 180 85
2N60 AUDIO-PNP 10 70 1.1 20 200 180 85
2N403 AUDIO-PNP 10 33 0.85 20 200 180 85

JE 2N614 IF -PNP 3 5 3 20 150 125 85
2N616 IF -PNP 3 20 9 20 150 125 85
2N617 IF PNP 3 14 7 20 150 125 85

50 AMPERE SILICON “TRINISTOR"* 
CONTROLLED RECTIFIER *

Breakover 
Voltage 

& 125’C Tj

Reverso 
Blocking 
Voltage 

& 125°C Tj

Turn-on 
Time

Turn-off 
Timo

___ ..- . .... i TYPICAL

50-400 VOLTS 50-400 VOLTS 1.0» SEC. 15-20» SEC.



Measure up to 300 me

For that precision engineered look—specify Raytheon knobs

< CIRCLE 177 ON READER-SERVICE CARD

YouTl see Raytheon control knobs on the finest precision 
instrument panels everywhere. There are nine types in six 
sizes—tactile shapes, color and color caps—plus hundreds of 
modifications on special order. All standard knobs are avail­
able in either high-gloss mirror or non-reflective matte finish. 
All conform to MS91528A; tactile shapes to Navy drawing 
RE10F651A.

...SEND TODAY FOR FACT- 
FILLED FOLDER on Raytheon 
control knobs, electrical components 
and panel hardware. Address 
Raytheon Company, Department 
6836E, Newton, Massachusetts.

Model 250 power supply delivers 
250 v ac at 400 cps ±0.25% or at a 
variable frequency’ from 350 to 450 
cps. An input jack is provided for 
output frequencies from 50 to 4000 
cps. Output voltage is continuously 
variable from 0 to 120 v. Output dis­
tortion is less than 1% and regula­
tion from no-load to full-load is bet­
ter than 1%. The use of silicon diodes 
in the plate-supply circuit reduces 
the heat dissipated. Panel size is 19 x 
8-3/4 x 13-1/2 in.

Industrial Test Equipment Co., 
Dept. ED, 55 E. 11th St., New York, 
N.Y.
Booth 3513.

The Schomandl type F APR fre­
quency decades provide for drift 
and other parameter measurements 
of frequencies up to 300 me. They 
have decade intervals down to 
1 cycle. Accuracy is 2 x 10-12 at 
one-cycle intervals. Applications in­
clude: development of circuit ele­
ments, type and series testing of 
quartz crystals, temperature compen­
sation of oscillating circuits, and 
continuous monitoring of transmit­
ter frequencies.

Electronic Applications, Inc., 
Dept. ED, 194 Richmond Hill Ave., 
Stamford, Conn.
Price à- Availability: Price is $6099; 
delivery is in 75 days.
Booth 3929.

NEW PRODUCTS
AT THE IRE SHOW

AC Power Supply
Provides 250 v

(iTTil iJiPi RAYTHEON COMPANY 
industrial Components Division 
66 Chapel Street. Newton, Mass.

Excnllnncn in Electronic»
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from No. 22 to 14 AWG. This high­
speed device is claimed to perform 
perfect thread layer winding.

Associated American Winding 
Machinery, Inc., Dept. ED, 750 St. 
Ann’s Ave., New York 56, N.Y.
Price Availability: Unit is avail­
able from stock. Price is $575 ea.
Booth 4228-4230.

The Beckman/Berkeley Model 5310 
EPUT Meter makes frequency measure­
ments from 10 cps to 200 kc with an 
accuracy of up to 1 part in 10fi. In mili­
tary applications, such as missile check­
out, where operating time is brief but 
success “a must”, (he EPUT Meter “gets 
in and gets out” quickly with fire-away 
data. Where long-term service with mini­
mum downtime is a critical requirement, 
as in industrial monitoring processes, the 
equipment is also ideally suited.

Naturally, this exacting combination of 
highest accuracy and greatest depend­
ability demands the most reliable com­
ponent performance. And that’s precisely 
why Beckman/Berkeley chose Tung-Sol 
transistors to assume four of the unit’s 
primary operations. Tung-Sol’s 2N414 
high speed computer logic germanium 
transistors handle time division and fre-

Coil Winding Machine 476
Handles wires from 0.025 to 

0.065 in. in diam

Model ME-301 coil winding ma­
chine handles wires ranging in size

Component* Kits 374
For development work

The Ferroxkits are made for de­
velopmental work requiring ferrite 
magnetic cores, voltage dependent 
resistors, negative temperature co­
efficient or light dependent resist­
ors, and memory cores, planes, or 
stacks. The kits are composed of 
standard, off-the-shelf parts and 
contain complete technical data.

Ferroxcube Corp, of America, 
Dept. ED, Saugerties, N.Y.
Price & Availability: Price ranges 
from $10 to $395. Kits are available 
for immediate delivery.
Booth 2530.

Laboratory Receiver 473
Incorporates high gain amplifier

Model LR 1297 laboratory re­
ceiver combines a high-gain it am­
plifier, a precision attenuator, a 
power supply', and an indicator. It 
is suitable for noise figure measure­
ments, nuclear resonance work, an­
tenna pattern recording, and other 
design applications. Used with the 
firm’s mixer-preamplifier assembly, 
the unit will provide a microwave 
receiver operating from bands L 
through K.

LEL, Inc., Dept. ED, 380 Oak 
St., Copiague, N.Y.
Price Availability: Price is $2200. 
Delivery is in 30 to 60 days.
Booth 2102.

quency counting. The tasks of conversion 
and current amplification for digital read­
out are assigned to Tung-Sol’s 2N383 
medium power germanium transistors.

Why don’t you get the benefit ol 
Tung-Sol’s component know-how too? 
Whether it’s tubes or semiconductors — 
and there’s a premium Tung-Sol unit for 
virtually every military and industrial 
need — you'll be designing only the best 
components into your circuit. You’ll be 
getting quality units that have made the 
name of Tung-Sol synonymous with the 
finest componentry. Tung-Sol Electric 
Inc., Newark 4, N J, TWX:NK193

For prompt and competent technical consulta­
tion on Fung-Sol components call the Tung-Sol 
Commercial Engineering office nearest you 
Atlanta, Ga.; Columbus, Ohio; Culver City, 
Calif.; Dallas, Texas; Denver, Colo.: Detroit, 
Mich ; Irvington, N. J.; Melrose Park, III., 
Newark, N. J.; Philadelphia, Pa.; Seattle, Wash. 
Canada: Montreal, P. Q.
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Voltmeter 387
Measures 1 mv to 1000 v ac and de

Type R-2 voltmeter measures ac and de voltages 
from 1 mv to 1000 v full scale in 14 ranges and 
mid-scale resistances from 10 ohms to 10 meg in 
7 decade ranges. Accuracy is better than 1% on de; 
ac accuracy is better than 2% from 20 cps to 100 kc 
and 5% from 10 cps to 1 me. Residual noise is less 
than 20 mv on the 1-mv ac scale. The de mv drift 
is less than 50 pv after warm-up.

Southwestern Industrial Electronics Co., Dept. 
ED, 10201 Westheimer Road, P.O. Box 13058, 
Houston 19, Tex.
Price ir Availability: Unit is available from stock 
at the price of $550.
Booth 3307-3309.

FAIRCHILD
SENSING
DEVICES
PROVEN
IN
FLIGHT

THIS 
ASTRONAUT 

WILL 
BREATHE

THANKS TO 
FAIRCHILD 
PRESSURE 

TRANSDUCERS
Bridge

For capacitor checking to 100,000 pf

The Model EMT 543 bridge allows for elec­
trolytic capacitor checking up to 100,000 pf. Accu­
racy is ±1% to 1000 pf and ±2% above 1000 pf. 
The unit has five ranges. The measuring voltage 
is 0.3 v ac or less. Capacity and loss angle are 
read directly. The measurement is normally made 
at 50 or 60 cps. The unit is manufactured in Ger­
many.

Electronic Applications, Inc., Dept. ED, 194 
Richmond Hill Ave., Stamford, Conn.
Price ir Availability: Price is $789. Delivery can 
be made in 60 days.
Booth 3929.

SUB MINIATURE RATE GYROS
15/16" dia. by 2" long. Has uni­
form constant damping within 
±15% from —40 to + 200 F. 
Takes 150 g's of shock, at low 
maximum rates.

ACCELEROMETERS
Economical, pendulous accelero­
meter with torsion bar suspension 
and reliable pot pick-off. Accuracy 
values as low as ±Vz%. Accelera­
tion range from ±V< to ±50 G 
from 4-40 cps

gvaos 
ntssuite 

IKANSDUCtKS 
roJtNTiOMireits 
ACCHMOMiffltS

225 Pirk Avenue 
Hicksville, L I., N Y.

6111 £ Washington Blvd. 
Los Angeles, Cal.

PRECISION POTENTIOMETERS
The linear motion single turn type 
shown is one of many high 
reliability types available. Also 
multi-turns and special designs. 
Functional accuracy over life is 
guaranteed.

Fairchild TPH-17S Pressure 
Transducer has a dual output, 
can take pressure from 0 to 
10,000 psi and up to 100% over 
pressure without damage. It is 
hermetically sealed and filled 
with silicone oil. Takes 75G 
shocks and accelerations in each 
of three axes without 
damage. Twin spring 
design eliminates all 
linkages and pivots.

At the heart of the Capsule Pressurization System, built by Garrett Corporation’s 
AiResearch Division for the McDonnell Aircraft Corporation — as part of NASA’S 
Project Mercury Space Vehicle - is a miniature (1.75" Diameter) FAIRCHILD 
TPH-175 PRESSURE TRANSDUCER. It monitors the pressure of oxygen remaining 
in the storage tank under the most severe environmental conditions.

A dual output transducer: One output goes to the astronaut’s control panel, 
reassures him that plenty of oxygen is still available. The second output goes 
to the telemetering system for relay to ground control stations.

Another example of how Fairchild draws on the engineering skills that make 
them the foremost manufacturer of high-performance precision sensing devices.
Fairchild components... built and tested beyond the specs 
for Reliability in Performance. Write Dept. 382D.

186 ELECTRONIC DESIGN • March 16, 1960



Range is 2 cps to 200 kc

Printed Circuit Connectors
Meet mil specs

Booth 2121-2123

187

Don’t forget to mail your renewal form 
to continue receiving 
ELECTRONIC DESIGN.
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Series KZ and KZD printed circuit connectors 
are designed to meet MIL-C-21097 requirements 
for single and double entry connectors. Additional 
features are polarization and diallyl phthalate 
construction. Light entry contacts are standard.

Winchester Electronics, Inc., Dept. ED, 19 Wil­
lard Road, Norwalk, Conn.
Price & Availability: Price is $2.78 ea, $1.69 ea m 
quantities of 1000, and $1.62 ea in quantities of 
5000. Made on order, they can be delivered in 21

Model N-1 signal generator has a continuously 
variable range from 2 cps to 200 kc and provides 
I v rms with less than 1% distortion. A five-band 
unit, it is suitable for use in the design, test, and 
repair of audio and control equipment. Self-con­
tained batteries make the unit portable and elimi­
nate power-line transient effects, while providing 
instantaneous frequency and output stability with­
out warm-up. Calibration accuracy is better than 
2% for frequency and 5% for level on all ranges.

Southwestern Industrial Electronics Co., Dept. 
ED. 10201 Westheimer Road, P.O. Box 22187, 
Houston 27, Tex.
Price & Availability: Unit is available from stock 
at the price of $310.
Booth 3307-3309.
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• PRECISION 
• OVERLOAD 
• EXCELLENT

FREQUENCY 
PROTECTION
WAVEFORM

FEATURES

• VOLTAGE REGULATED
• PHASE LOCKED CIRCUITRY
• REVERSE VOLTAGE PROTECTION

DC Power Supply
Provides 130 to 325 v

/^STANDARD LINE OF RELIABILITY ENGINEERED

STATIC
INVERTERS

FOR AIRCRAFT, MISSILE, AND SPACE VEHICLE APPLICATIONS

Model 
SIS 310242

DC-AC Inverter 
1300VA, 
15/208 Volt 3<»

Inputs Nom. 28VDC Outputs Nom. 115V 400cps Io or 3^
Power Ratings from 30VA to 1500VA

Space/ Weight Designed To Yield Maximum Power Output 
Consistent With Hiah Reliability And Performance

DESIGN NOTF

MODEI POWER 
RATING

OUTPUT 
VOLTAGE

OUTPUT 
FREQUENCY SPECIAL FEATURES

SIS-40311 senes
SIS-40511 series

30 VA lo
50 VA lo

115 VAC 
adjustable 
± 10%

400 cps 
± .01 to 
± 05%

Precision frequency, excellent waveform, 
voltage regulated. ± 1% for line, ±2% 
load.

SIS 408042 senes 80 VA lo 115 VAC 
± 5 V

400 cps 
± 1%

Wide range stabilization, input 18-30 VDC, 
Voltage regulated rt 1^2% no load to full 
load.

SIS-410042 senes 
SIS-425041 series

100 VA lo
250 VA lo

115 VAC 
± 5%

400 cps 
± 1% LC. 
ose. tune 
ing fork

Magnetic Amplifier voltage regulated. Rap­
id on-off switching no transients high effi­
ciency.

SIS-3 425042 series 
SIS 3 450022 series

250 VA 3o
500 VA 3o

115 VAC 
± 2%

400 cps 
± 2% 
± 1%

Regulates to ± 2% with simultaneous vari­
ation of zero to full load, and line 25 volts 
to 29 volts.

SIS 3 47512 senes 750 VA 3o 208/115V 
or 115/66.5 

volts 
Adj. ± 5%

400 cps 
t 002%

Extreme frequency accuracy. Phase lock 
circuitry. Magnetic voltage regulator.

SIS-3-40613 series 60 VA 3o 26 VAC 
Adj ± 5%

400 cps 
± 01%

Short circuit protected, reverse voltage pro­
tection, high temp., * 100 C. Voltage reg- 
ulated.____________________________________

NEW PRODUCTS AT THE IRE SHOW

Airborne Tape Recorder
Has 28 channels

GUDELACE 
is engineered 
for 
problem-free 
lacing

Model 1-119 airborne tape recorder, having 28 
channels, is cylindrical in form with a diameter of 
6.25 in. and a length of 6.5 in. The unit weighs 10 
lb. It is for data recording on recoverable missiles, 
satellites, and rocket sleds, but also has applica­
tions on conventional aircraft. Tape speed is 30 in. 
per sec. Frequency response is de to 5000 cps and 
system accuracy is about 5%. Power requirement is 
3 amp de at 28 v.

Leach Corp., Special Products Div., Dept. ED, 
516 E. Compton Blvd., Compton, Calif.
Booth 4052.

It’s no accident that Gudelace is the 
best lacing tape you can buy. Excellence 
is engineered into Gudelace. A sturdy 
nylon mesh is meticulously combined 
with the optimum amount of special 
microcrystalline wax. Careful selection 
of raw materials and superior methods 
of combining them give Gudelace out­
standing strength, toughness, and sta­
bility. Gudelace is the original flat lacing 
tape which distributes stress evenly over 
a wide area. It is engineered to stay flat; 
it will not stretch out of shape when 
pulled. Gudelace’s nonskid surface pre­
vents slipping, eliminating the too-tight 
pull that causes strangulation and cold 
flow. Durability and dependability make 
Gudelace your most economic buy— 
with no cut insulation, fingers, or feelings.

Write for Data Book with specifica­
tions on Gudelace and Gudebrod’s com­
plete line of braided lacing tapes and 
dial cords—Temp-Lace, Stur-D-Lace, 
and Gude-Glass.

Visit Gudebrod Booth 4025 
at the IRE Show.

Operating from an input of 105 to 125 ±10 v 
ac, model PS4232 power supply delivers 130 to 
325 v de. For general purpose use, the unit has a 
load current of 0 to 1.5 amp, regulation of 0.2 v 
or less, and stabilization of less than ±0.2 for a 
line change of ±10 v with a constant load. Ripple 
and noise are less than 2 mv rms. Output imped­
ance is less than 0.2 ohms from de to 100 kc. Max­
imum ambient temperature is 50 C. The unit 
weighs 50 lb, measures 5.25 x 17 x 12 in., and has 
movable side brackets which permit rack mount­
ing.

Power Sources, Inc., Dept. ED, Burlington, 
Mass.
Price & Availability: Sample quantities are cur­
rently available; units will be available from 
stock by April 15, 1960. Price is $645, not includ­
ing meters.
Booth 1914..

GUDEBROD
BROS. SILK CO., INC.

(

,INC

unit to meet your special requirements

Electronic Division
225 West 34th Street, New York 1, N.Y.

Executive Offices
12 South 12th Street, Philadelphia 7, Pa.

CYPRESS 2 6610 OREGON 8 2865
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designers depend on

Precision formed by

drawing or spinning

Metal Craftsmen since 1924

Figure on KAUPP 
for Precision 
Components of—

MU METAL 
BRASS 
INCONEL 
ALUMINUM 
COPPER 
CARBON STEEL 
STAINLESS STEEL 
NICKEL 
MAGNESIUM 
TITANIUM 
SILVER 
SPECIAL ALLOYS 
HAYNES STELLITE

Ultra modern plants equipped with high efficiency metal forming 
machines, plus experienced metal-working engineers, assure metal 
components of the highest accuracy. KAUPP craftsmen can work 
to closest tolerances and are thoroughly familiar with the problems 
involved in fabricating today’s modern metals for the most 
critical applications. Highest inspection standards insure rigid 
adherence to specifications on instrument cases, covers, weldments 
and sub-assemblies for commercial and military electronics.

Request a copy of the 
KAUPP Facilities Bro­
chure or recommende- 
tions on your specific 
metal components.

Transistorized 471 
Mixer-Preamplifier

Range is 8.5 to 9.6 kmc

Model MMX-4 transistorized 
mixer-preamplifier assembly covers 
the range of 8.5 to 9.6 kmc. The 
unit has a 15-mc bandwidth cen­
tered at 60-mc output frequency, a 
20-db over-all gain, and an over-all 
noise figure of 10 db. Used with the 
firm’s if amplifiers, the unit permits 
the production of solid state micro­
wave receivers.

LEL, Inc., Dept. ED, 380 Oak 
St., Copiague, N.Y.
Price ¿7 Availability: Sample quan­
tities are available for 30-day de­
livery. Price is $995 ea.
Booth 2102.

Epoxy Casting Resin 481
May be cured at room temperature

This fire-retardant epoxy casting 
resin, called Stycast 1231, may be 
cured at room temperature and is 
stable from —100 to -f-350 F. It has 
a low-thermal-coefficient of expan­
sion. The material has good adhe­
sion to metals, plastics, and ceramics.

Emerson & Cuming, Inc., Dept. 
ED, Canton, Mass.
Booth 1111.

CIRCLE 182 ON READER-SERVICE CARD ►
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KAUPP 
a sons 

NEWARK WAY 
MAPLEWOOD, N. J 

Tai. SOuth Orang« 3-2490

Fabricator 376
Punches sheet metal parts and 

printed circuit boards

For punching sheet metal parts 
and printed circuit boards, the Su­
per 30 fabricator can be used for 
short run punching and production 
runs. The machine uses an electric 
head which eliminates the need for 
pressurized air. It can punch holes 
from 0.5 in. in diam in 0.25 in. mild 
steel to 3.5 in. in diam in 16 gage 
steel. It can also make comer and 
edge notching, straight line nib­
bling, and contour shearing.

Wales Strippit, Inc., Dept. ED, 
Akron, N.Y.
Price ¿7 Availability: Prices range 
from $9000 to $10,000; the unit will 
be available from stock after April 
30, 1960.
Booth 4010.

PROTOTYPE OR
PARTSPRODUCTION
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MH SEAL-TEMP
Features sealed coil to mini­
mize contact contamination. 
Available as hermetically 
se aled relay only.

or less. Other 
n temperature 
d output, and

MA LATCHING *
Electrical latch, mechanical re­
set. Small, versatile and offered 
with selection of contact 
arrangements.

coup 
level

REQUIRES JJ OIA. 

CLEARANCE HOLE

Material: %* silver standard: Palla­
dium or gold alloy also available.

Load: Dry circuits to 5 amps ^6 
115V AC res.

NEW PRODUCTS
AT THE IRE SHOW

Series 5800 magnetic preamplifiej 
delivers 0 to ±5 v, using thermo-

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO

Magnetic Amplifier
Delivers 0 to ±5 v

GENERAL:
Breakdown Voltage: 500 volts 

RMS between all elements.

Ambient Temperatures: —45° C 
to +85° C.(—65° C to +125°C 
on special order.)

Shock: 30g on special order.

Vibration: 10g from 55 to 500 
cps.; .065* max. excursions from 
10 to 55 cps. on special order.

Weight: IVx ozs. max. (open relay)

Terminals: Pierced solder lugs; 
special lugs for printed circuits, 
taper tab (AMP ¿78).

CONTACTS:
Arrangements. Up to 9 springs 

per stack.

MB CONTACTOR V
Contacts rated 60 amp. 28 
volts DC non-inductive. Will 
carry 150 amp. surge for a 
duration of 0.3 seconds.

sources. The unit has a null

The MH is not a new relay.
As a matter of fact, we’ve been building 

and selling this series for seven or eight years. 
Its reliability and exceptional longevity 
have been proved in business machines, air­
borne computers and a host of other products.

Engineers like its fast action, its small 
size, its light weight. They like the wide 
selection of contact forms... up to 18 springs 
(9 per stack, DC) as well as the fact MH 
relays can be furnished to switch loads rang­
ing from dry circuit to over 5 amps at 115 
volts, 60 cycle resistive.

A multiple choice of terminations add to 
the MH’s versatility. This relay, for example, 
can be adapted for printed circuits, fur­
nished with taper tabs or a long list of other 
terminals. Get all the facts by calling your 
nearest P&B sales engineer today.

Price ir Availability: For orders of 
one to six units, price is $177. De­
livery is in 25 to 30 days.
Booth 2306-2308.COILS:

Resistance: 22,000 ohms max.

Power: 100 mw per movable min. 
to 4 watts at 25° C max.(200 mw 
min. to meet max. shock/vibration 
spec.)

Dufy: DC: Continuous. AC Inter­
mittent (Two pole relay max.) 
open. Sealed units supplied with 
full wave rectifier inside can.

Voltages: DC: Up to 110 volts. 
AC: Up to 230 volts 60 cycles.

Digital Voltmeter 365
Accuracy is 0.05%

Model 1231 digital voltmeter fea­
tures accuracies to better than 0.05%, 
20-msec conversion, in-line readout, 
and automatic polarity. Four-digit 
indication, from ±0.0001 to 99.99 v, 
is provided. The instrument has no 
stepping switches. Converters are 
available for use with this unit for 
automatic testing of diodes, capaci­
tors, and resistors.

Systron Corp., Dept. ED, 950 
Galindo St., Concord, Calif.

Price ir Availability: Price is $1895 
per unit; delivery is 30 days after 
order is received.
Booth 3838.
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high gain. Applications include linear 
amplification, null and error detec­
tion, summing with electrical isola­
tion, integrating, and measurement 
of mv and pv.

Airpax Electronics, Inc., Seminole 
Div., Dept. ED, Fort Lauderdale,
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Hardware 
Prince St.,

iole 
ale,

are silver plated.
Industrial Electronic 

Corp., Dept. ED, 109 
New York 12, N.Y.
Price ¿7 Availability:

Kintronic Division of Chicago 
rial Industries, Inc., Dept. ED, 
anklin Park, Ill.
>oth M-23.

made on order and can be delivered 
in two to three weeks. Prices are 
furnished on request.
Booth 2837.
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A wholly owned subsidiary of National Co., Inc. 
Export.- Ad Auriema, Inc., 85 Broad St., N.Y., U.S.A.
In Canada: Canadian Marconi Co., Toronto 17 
Specifications subject to change without notice.
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Printed Circuit 
Resistors

Come in sizes of 2,5,7, and 10 w

The PRS series of wirewound 
irinted circuit resistors come in 
sizes of 2, 5, 7, and IQ w. Measuring 
rom 1/4 x 5/8 in. to 3/8 x 1-25/32 

m., these vertically mounted units 
iiave two parallel leads at one end 
to facilitate soldering. The tempera­
ture coefficient is 0.00002 per deg 
C. The resistance range is 10 ohms 
to 175 K with tolerances of 0.05%, 
0.1%, 0.25%, 0.5%, 1% and 3%. The 
units meet MIL-R-26C.

Dale Products, Inc., Dept. ED, 
Columbus, Nebr.
Booth 2627-2629.

Are rated at 0.5 amp at 125 v de

These slide switches are rated at 
0.5 amp at 125 v de and 3 amp at 
125 v ac. Both spdt and dpdt types 
are offered; some have spring re­
turn design. Designated types SLS-1 
through SLS-6, they are designed 
for long service and show no loss in 
efficiency after 6000 cycles. Contacts

In stock! For immediate delivery! And produced by National!
a complete line of standard plastic control knobs made in conformance 

with MS-91528. There are four basic types: round, pointer, 
spinner (each with or without skirts) and dial skirted round...

available in three different shaft sizes. Finishes are gloss, matte, 
or to your color specifications... in all Mil-Spec sizes.

IRE Show - Booths 1401-1407

Single-Turn 
Potentiometers

Life is 1,000,000 cycles

Series 500 single-turn potentiome­
ters, able to operate to 105 C, have 
a life of 1,000,000 cycles. The units 
are of all metal construction and 
Live glass-to-metal terminals. Appli- 
c ttions are in computers, servo loop 
s stems, and standard industrial ap- 
I ications where high, operating 
t mperatures are not needed.

RD 
60

NATIONAL

Knobs: Made of plastic, type HI, class H2, per Specification L-P-349.
Set Screws: Cadmium plated, class 3, type II, per Specification QQ-P-416.
Inserts: Brass, composition 4, hard, per Specification QQ-B-613.

For price quotations and complete information write:

National..^
Melrose 76, Mass.—NOrmandie 5-4800
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environmentalType RAC

General Mills engineers work today

Microwave Antenna

guidance, bombing and navigation systems, automatic 
surveying and in industrial control. In future space travel, 
computers will help control navigational systems of space 
vehicles and will process data gathered in outer space.

Environmental 
Chamber

Temperature range is —90 to 
+300 F

chamber has a temperature range of 
+300 to — 90 F, with —100 F attain­
able. Offering 2.3 cu ft of test space 
and measuring 16 x 16 x 16 in. in­
side, the chamber requires a floor 
space of 24 x 26 in. The unit is cas­
ter mounted and is portable. It op­
erates on 220 v, single phase, 60 cps.

Conrad, Inc., Dept. ED, Holland, 
Mich.
Price ¿7 Availability: Price is $1760, 
not including accessory items. Units 
are available from stock.
Booth 3848.

General

Mills

Here is Francis Alterman, Manager of General Mills 
Digital Computer Laboratory, checking one of our newest 
computers which he helped design. General Mills com­
puters, both analog and digital, are being used in missileType P4-59 cross-polarized para­

bolic antenna is for 2 and 6-kmc 
band use. It has a vswr of less than 
1.1 w at both inputs. Accessories are 
made for use with this antenna.

Andrew Corp., Dept. ED, 363 E. 
75th St., Chicago 19, III.
Booth 1502-1504.

Uses simplified reflector design

For use from 400 to 2700 mc, the 
Hubloc antenna uses a simplified 
reflector design. The reflector back­
up frame consists of tubular, bar, or

General Mills has been producing computers 
for nearly 20 years. Exciting new concepts 
in high speed magnetic tape units, ultra-high 
precision analog to digital converters and 
optical keyboards are examples of continuous 
developments in our over-all computer 
program. We work to improve reliability, 
increase speed, cut cost.
Our research activities cover broad areas in 
physics, chemistry, mechanics, electronics

and mathematics. Some of the studies rep* 
resentative of these activities are: ions in 
vacuum, deuterium sputtering, dust ero­
sion, magnetic materials, stress measure­
ments, surface friction and phenomena, 
trajectory data and infrared surveillance.
In our engineering department, current 
projects include: specialized inflatable vehi­
cles and structures, airborne early warning 
systems, micro wave radar test equipment,

Antenna Systems
For 2 and 6-kmc bands
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antennas and pedestals, infrared and optics, 
inertial guidance and navigation, digital 
computers—and many other activities.
Our manufacturing department is geared to 
produce systems, sub-systems, and assem­
blies to stringent military requirements.

General
MillsMECHANICAL DIVISION

1620 Central Avenue, Minneapolis 13, Minnesota

To wider worlds—through Intensive Research • Creative Engineering • Precision Manufacturing

Vibration Pickup 372
Compact in design

Model TD-6 vibration pickup, 
having a wide frequency range, is 
about half the size of the previous 
model. The threshold velocity of 
this unit is essentially zero.

Southwestern Industrial Elec­
tronics Co., Dept. ED, 10201 West­
heimer Rd., P.O. Box 13058, Hous­
ton 18, Tex.
Booth 3307-3309.
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Transistor 470
Transformers

Meet Mil-T-27A

These miniature, molded, transis­
tor transformers are designed to 
meet MIL-T-27A and have a life of 
10,000 hr. They measure 0.5 in. in 
diameter and are 0.5-in high. Weight 
is 4 g. Primary impedances are 400 
to 100,000 ohms and secondary im­
pedances are 11 to 2500 ohms. Con­
struction for operation at 130 C is 
available on special order.

Microtran Co., Inc., Dept. ED, 145 
E. Mineola Ave., Valley Stream, 
N.Y.
Price ir Availability: Units are 
available for 24-hr delivery. Price is 
about $5 ea for small quantity 
orders.
Booth 2315.

Mars seen from one Of its moons . . . illustration from book written for General Mills by Willy Ley.

tern which provides a press fit in the 
hub keyways. The reflector meas­
ures 28 ft in diam, has a focal length 
of 10-1/2 ft, and weighs 1575 lb. 
Rib sections are completely fabri­
cated; only peripheral and diagonal 
members are installed at the site, 
various wind and ice loading condi­
tions can be accommodated.

Andrew Corp., Dept. ED, 363 E. 
75th St., Chicago 19, Ill.
Price ir Availability: The product is 
built to customer specifications and 
price is furnished on request. It can 
be delivered in 90 to 120 days.
Booth 1502-1504.

STOP AT GENERAL MILLS EXHIBIT 
BOOTHS 3937, 3939 

IRE SHOW 
New Concepts in Computers
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Tenney push-button

. . . any size, any
No matter what environmental test chamber 

. you need, this much is certain: Tenney either has 
it in stock or can adapt one of its proven proto­
types. From chambers that could house a family 
of four, down to refrigerator size (and everything 
in between), you’re sure to find the modern, push­
button unit you need.

Altitude, tern perature, humidity, explosion, sand, 
dust, fog —just about every punch nature can

Tenneu
ENGINEERING, INC. X

1090 SPRINGFIELD ROAD, UNION, N. J. • PLANTS: UNION, N. J. AND BALTIMORE. MD.

OLDEST ANO LARGEST MANUFACTURER OF ENVIRONMENTAL EQUIPMENT 
CIRCLE 186 ON READER-SERVICE CARD

194

shape, anytime!
throw— can be simulated, either alone or in combi­
nation. And you get accurate simulation, comp­
lete control and precise measurements every time.

For a complete catalog, describing the entire 
line, write today to Tenney—the world’s largest, 
most experienced creator of environmental test 
equipment.

Ask about Tenney’s research and development, 
engineering consultation and design services.

NEW PRODUCTS at the ire show

Switching Transistors 49'
Medium power type

Types 2N696 and 2N697 diffused-silicon mesa 
transistors are for medium-power, small-signal 
amplifier and switching applications. Collector-to- 
emitter voltage is 40 v and collector power dissi­
pation at 25 C is 2 w. Type 2N696 has a de gain 
of 20 to 60 and type 2N697, 40 to 120. For both 
units, the small-signal current gain is typically 5. 
Collector saturation resistance is 3.5 to 10 ohms. 
Requirements of MIL-S-19500B are met.

Industro Transistor Corp, Dept. ED, 35-10 
36th Ave., Long Island City 6, N.Y.
Price ¿7 Availability: Price is $22.70 ea for 1 to 
99 units; $15.15 for 100 to 999 units. They are 
available from stock.
Booth 1628.

Wideband Mixer-Preamplifier 445
Range is 8.5 to 9.6 kmc

Model MMX-5 matched microwave-mixer as­
sembly covers the range of 8.5 to 9.6 kmc and pro­
vides an if output-bandwidth of 100 me. The if 
center frequency is 250 me, gain is 15 db, and 
over-all noise figure is 10 db. The microwave re­
ceiver’s front end is capable of handling the short 
pulses required for high resolution radar systems.

LEL, Inc., Dept. ED, 380 Oak St, Copiague, I I 
N.Y. J
Price & Availability: Price is $925 ea when one ’ 
unit is ordered. Discounts are furnished for quan­
tities. Delivery is in 30 days. ’
Booth 2102. 1

CIRCLE 187 ON READER-SERVICE CARD ►
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Subminiature Switch 354
Rating is 10 amp at 30 v de

The new Keithley 151, incorporating 
a unique photo-conductive modulator 
of Keithley design, is useful wher­
ever a suspension galvanometer can 
be used, and where a galvanometer 
is not sufficiently sensitive, fast or 
rugged. Currents as low as 2 x 1013 
ampere can be detected.

Type 16 subminiature switch is rated at 10 amp 
at 30 v de, inductive. Mechanical life is over 
20,000,000 cycles and electrical life is over 940,- 
000 cycles at 5 amp, 115 v ac and 140 cycles at 
10 amp, 30 v de. The unit has double break con­
tacts and can operate from —100 to -|-300 F. It 
meets MIL-S-6743 as well as some of the require­
ments of MIL-E-5272. Solder, screw, or quick­
disconnect type terminals are offered; they may 
extend from the bottom, the side, or the ends of 
the case.

Illinois Tool Works., Licon Div., Dept. ED, 
6606 W. Dakin St, Chicago 34, Ill.
Price & Availability: Standard units are avail­
able from stock; others can be supplied in six to 
eight weeks. Price is quoted on request.
Booth 1506.

445 Miniature Plug-In Relay 353
Ranges: 11 linear ranges in lx and Has transparent cover
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3x steps, from 100 mv to 10 vf.s.; 5 
non-linear ranges, 0.001 to 10 vf.s, 
each covering three decades.
Accuracy: Linear ranges, ±3% of 
f.s.; non-linear, ± 10% of input.
Input Resistance: 10 megohms on 
all ranges. Max. power sensitivity 
over 10-17 watt.
Response Speed: On 100 mv range, 
2.5-sec.; 1-sec. on all others.
Noise: Below 2% f.s. all ranges.
Zero Drift: Less than 10 mv per day.

Output: 10 volts at 1 ma f.s.

Price: 151 Cabinet Model . $395.00 
151R Rack Model . $385.00

For full details write:

KE IT M LEY
INSTRUXiEWTS

'2415 EUCLID AVENUE 

CLEVELAND G, OHIO 

CIRCLE 188 ON READER-SERVICE CARD

* CIRCLE 187 ON READER-SERVICE CARD

This class 33 plug-in mounted relay is fur­
nished with a transparent styrene cover, which 
permits operating visibility, insulates the relay 
from electrical interference, and offers protection 
from dust or iron filings. The relay can be fur­
nished for de operation with contact combinations 
up to 3pdt. The enclosure is available with 8- or 
12-pin octal style plugs. Over-all dimensions, in­
cluding plug, are 2-11/12 x 1-3/8 x 1-3/8 in.

Magnecraft Electric Co, Dept. ED, 3350D W. 
Grand Ave, Chicago 51, Ill.
Price & Availability: Price is $3.50 to $9.50 ea, 
depending on quantity and specifications. Deliv­
ery is in two to four weeks.
Booth 2525.

CIRCLE 189 ON READER-SERVICE CARD ►

LOOK INTO CEC CONNECTORS
... see why they’re 

guaranteed to give you 

highest reliability

The only thing you can’t see for yourself is 
CEC’s design and manufacturing experience 
in multi-contact rectangular connectors 
with snap-in contacts. That experience is 
well represented in the following features:

• Portal-hood speeds final assembly, & -
permits full inspection of interior.

• Firmly attached cable clamp secures all 
wires to each other and to the connector.

• Jackscrews lock plug and receptacle 
together to withstand 50 g shock and 
cycling from 54 to 2,000 cps.

• Sturdy hood holds the insulator block... 
houses and protects the mated connector.

• Insulator block has deeply recessed 
contact openings and an unusually long 
insulation creepage path.

Yes, we can deliver. The 50-contact 
unit shown here is among many 

CEC types with 26, 34, ’42,
50, 75 and 104 contacts.

For complete information, write for 

Bulletin CEC 4004-X21. Ask dbout

CEC connector designs to your 

exact requirements.

Electro Mechanical
Instrument Division

Four prong retention springs on pin and socket allow each 
contact to snap into insulator block easily, yet resist an 
axial pull of more than 20 Ib. Inspection holes provide 
built-in quality control, permit visual checking of each 
wire for proper contact prior to assembly of connector

CONSOLIDATED ELECTRODYNAMICS / pasadena, california



NEW PRODUCTS AT THE IRE SHOW

Timing System
Has 60-cps generator

See these new Raytheon Product

«'v?

«aytheo
«BS?

This transistorized timing-syst€‘m provides a 
time accuracy of 0.1 sec per week. The system in­
corporates a generator which provides 60-cps 
power, a power amplifier which boosts the 60 cps 
to 15 w for chart drives and other motors, and a 
clock and photocell-gated programmer providing 
10-sec, 1-min, 30-min, and 1-hr timing pulses. A 
stroboscope has a scale displaying WWV signals 
so that system time can be compared and cor­
rected. The system is powered by 24-v batteries. 
It operates over the temperature range of —10 to 
+50 C and with relative humidity of 0% to 95%. 
It weighs 25 lb.

The Geotechnical Corp., Dept. ED, P.O. Box 
28277, Dallas 28, Tex.
Booth 3240.

INDUSTRIAL COMPONENTS DIVISION COMMERCIAL APPARATUS & SYSTEMS DIVISION

Rheostat Potentiometers 361
Come in sizes of 25 to 150 w

These rheostat potentiometers come in sizes of 
25, 50, 75, 100, and 150 w with variations of 
shafts, tolerances, and off positions. The units are 
designed to meet MIL-R-22. Large cores allow 
for longer life and prevent burnouts. Other char­
acteristics are: no backlash in shaft, precise wind­
ing, insulated shaft, high temperature enamel, 
and rugged construction.

Tru-Ohm Products, Div. of Model Engineering 
& Manufacturing, Inc., Dept. ED, 2800 N. Mil­
waukee Ave., Chicago 18, Ill.
Booth 2305.

New Kilo-line recording 
storage tubes provide 
1000 TV lines at 50% 
modulation. These high- 
resolution, low-noise tubes 
for frequency and scan con­

version utilize a 
£. specially designed 
V tetrode electron 

gun for a resolution
I of 1,000 TV lines at 

50% modulation 
Hi and provide better 
K control over beam 

cut-off than con- 
BV ventional triode 
BB guns. Applications 
Bw include: (1) scan 
BB conversion for 

bright display radar 
B and moving target 
B indicators, (2) slow­

down video for still
I picture telephone 

transmission, (3) 
B stop-motion video.

CIRCLE 832

New pointer knobs vir­
tually eliminate parallax. 
Two new sloping pointer 
style control knobs have 
been added to Raytheon’s 
widely used commercial and 
military knob line. The new 
pointer series complies fully 
with military specifications 
and is available in black or 

r I
CIRCLE 834

grey, with or without dial 
skirts; in mirror or non- 
reflective matte finish. Colors 
are available on special or­
der. Raytheon’s complete line 
of knobs includes 206 styles 
—9 standard types in 6 sizes, 
plus tactile shapes, color and 
color caps.

CIRCLE 833

New Voltage-regulating 
PF transformer holds volt­
ages tO Within ± 3%. The 
new Raytheon voltage regu­
lating PF transformer main­
tains plate and filament volt­
ages to within ± 3% of rated 
output with line voltage vari­
ation of from 100 to 130 
volts. PF transformers are 
now available in three stand­
ard models with ratings up 
to 380 VDC at 250 MA. 
They eliminate need for VR 
tubes and special circuitry.

Sorensen Series Q line of 
power supplies for 6, 12 
or 28 VDC regulated. The 
Sorensen Series Q power sup­
ply line is comprised of 15 
different models with outputs 
of 6, 12 or 28 VDC, adjust­
able approximately ± 25%. 
Voltages are regulated within

± 0.05% for load and line 
combined. Power capacities 
range up to 200 watts. The 
complete line of Sorensen 
power supplies covers re­
quirements from 600,000 
volts down to 3 volts. Soren­
sen also offers a line of fre­
quency changers and line 
voltage regulators.

CIRCLE 835

Visit us at the New York Coliseum, Booths 2604-2614
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Developments at the IRE Show
SEMICONDUCTOR DIVISION

New "Avalanche Mode”
Silicon Transistor switches 
in 2 ¥2 milli-/isec.
A guaranteed switching time of 10 
millimicroseconds maximum (when 
used in the switching circuit shown) 
with speeds faster than IVi milli­
microseconds in some applications 
is now possible with Raytheon’s new

New Silicon Mesa Transistor 
in Subminiature Package.
Raytheon’s Semiconductor Division 
announces the availability of high- 
performance Silicon Mesa tran­
sistors in subminiature packages 
(.130" D.. .160" H.). These units 
feature the reliable “Mesa” con­
struction, alpha cut-off frequencies 
up to 50 megacycles and close con­
trol of DC base-current gain in 
high-speed switching types.

ION

ON THE SECOND FLOOR, to the right of the 
escalator, you'll find this Raytheon exhibit 
of electronic component and equipment 
advances-N. Y. Coliseum, Booths 2604-2614.

005*1
•------ IH

INPUT

-4-0.05

2N1468 Silicon NPN transistor for 
avalanche mode operations. Other 
features: 40 watts peak power, aver­
age power dissipation of 250 milli­
watts, maximum operating tempera­
ture of 125’C.

CIRCLE 836 CIRCLE 864

Crystal Frequency Synthesizer 393
Output range is 2 to 34 me

Model N317 crystal frequency synthesizer has 
an output range of 2 to 34 me, covered in four 
bands. Stability is better than 1x10” per day. 
Spurious signals, except harmonics of the output, 
are suppressed to —80 db. Minimum tuning 
increment is 125 cps; rapid tuning in 10-kc steps 
is also permitted. Power output at any setting is 
100 mw min into a 50-ohm load. Input is 200 w, 
117 v, 60 cps. Applications include: transmitter 
exciters, frequency standards, signal generators, 
frequency meters, and sideband receivers. Both 
bench and rack models are offered.

Manson Laboratories, Inc., Dept. ED, P.O. Box 
1214, Stamford, Conn.
Price & Availability: Price is $9500; delivery time 
is 120 days.
Booth 3923.
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MICROWAVE AND POWER TUBE DIVISION MACHLETT LABORATORIES Subminiature Crystal Case Relay 364

Four new ruggedized 
backward wave oscilla­
tors cover 1-12.4 kmc. 
Four compatible Raytheon 
BWO’s now provide continu­
ous frequency coverage from 
1 to 12.4 kmc. They utilize 
interdigital delay-line struc­
tures for greater ruggedness 
and heat dissipating charac­
teristics, are smaller and 
lighter than their predeces­
sors and have improved fine- 
grain tuning variations with 
minimizes fine-grain power 
output variations. Forced air 
cooling is not required under 
normal operating conditions.

CIRCLE 860

RAYTHEON COMPANY h 
Waltham, Massachusetts

New ferrite circulators for 
masers, parametric ampli­
fiers and radio astronomy. 
A standard line of extremely 
compact, low-frequency, 
three-port ferrite circulators 
is now available from Ray­
theon. Now, a total of 
twenty-eight units are avail-

able — for UHF as well as S- 
and L-band applications. The 
new UHF unit extends the 
frequency range down to 400 
me. These circulators are sup­
plied with fixed permanent 
magnet fields (as illustrated) 
or with tuned magnetic fields 
for full performance over a 
broader band.

CIRCLE 861

UHF planar triode has 
60% more cathode current 
capacity. This unique, 
Machlett developed UHF 
planar triode with ceramic 
envelope has 1.6 times the 
cathode current rating of the 
more conventional tubes in 
current use. The new ML- 
7211 has applications in com­
munications, navigation, 
telemetering, radar and mis­
sile equipment of the most 
advanced design.

CIRCLE 862

h Excellence in Electronic»

Improved camera tube for 
general closed-circuit TV 
applications. Machlett’s 
novel vidicon camera tube 
features photoconductor 
guard and self-aligning 
beam eliminating 
the need for perma­
nent magnets or 
coils. This tube will 
be exhibited at the 
IRE along with 
Machlett’s water- 
cooled triode rated 
at 20-megawatts 
peak power, a scan 
conversion tube for 
conversion of radar 
information to TV 
display, and a high- 
power vapor cooled 
tube for general 
purpose modulator, 
amplifier and oscil­
lator services.

CIRCLE 863

This dpdt subminiature crystal case relay meets 
severe industrial and military specifications and 
exceeds the requirements of MIL-R-25018, MIL* 
R-5757C, and MS24250. It can be used in control 
systems, computers, airborne and guided missile 
equipment, and similar applications. Bifurcated 
contact structure is used to improve reliability and 
efficiency in dry circuit applications. The relay is 
designed for continuous operation from —65 to 
4-125 C and has a life expectancy of 100,000 op­
erations. It is slightly more than 1 in. long and 
weighs about 0.5 oz.

Union Switch & Signal, Div. of Westinghouse 
Air Brake Co., Dept ED, Swissvale, Pa.
Price à- Availability: Information on request. 
Booth 2122-2124.
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SEE US AT BOOTH 4330 AT THE I.R.E. SHOW 
CIRCLE 191 ON READER-SERVICE CARD
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CABLE
CAPABILITIES

With solid core and air dielectric 
coaxial cable, and hook-up wire of sev­

eral AWG sizes—all insulated with Teflon®— 
these complex cables are typical of the work 
Tensolite is doing in the exacting cable and 
cable assembly fields.

Our design engineers were given the problems 
by the equipment manufacturers. Jointly, their
engineers and ours developed specs, and Ten­
solite took it from there. Tensolite translated 
these requirements, utilizing components 
manufactured in our own plants, into highly 
reliable cable.

View of a portion of a SAGE Display Console. 
Nearly a mile of wire and cable is used in each 
of these consoles. Tensolite supplies wire and 
cable to meet the specified requirements.

Interior view of Hawk guided missile Battery 
Control Center Cable Entry Enclosure devel­
oped by Raytheon Company, shows Tensolite- 
built cables of several sizes and types. Raytheon 
Missile System Division is prime contractor for 
the Army’s Hawk system.

Many leading aircraft and electronic manu­
facturers are taking advantage of Tensolite’s 
cable design and production facilities. We’d 
like to work with you on your high tempera­
ture cable problems. Contact your local Ten­
solite representative or write to:

INSULATED WIRE CO., INC.
A subsidiary of Carlisle Corporation 
West Main Street, Tarrytown, N.Y.
Pacific Division: 1516 N. Gardner St., Los Angeles, Calif.

NEW PRODUCTS AT THE IRE SHOW

DC Limit Bridge
Range extends to 11,111 meg

Model AB-4-4 de limit-bridge has a usable 
range extending to 11,111 meg. Decade steps are: 
1 meg, 100 K, 10 K, 1 K, 100 ohms, 10 ohms, 1 
ohm, and 0.1 ohms. A built-in 8-dial resistance 
decade is used for setting the value of the resist­
ance to be tested. Accuracy is from ±0.1% to 
±0.3%. The bridge voltage is variable from 1.5 to 
24 v. The unit is suitable for testing precision 
wirewound, metal, or carbon film resistors, as well 
as composition resistance elements. It performs 
GO/NO-GO testing.

Industrial Instruments Automation Corp., Dept. 
ED, 89 Commerce Rd., Cedar Grove, Essex 
County, NJ.
Booth 3227-3229.

Power Oscillator
Has outputs of 100 and 1000 v

Model DK-115-14 precision power oscillator is 
a 15-w unit with outputs of 100 and 1000 v. Regu­
lation on both outputs is better than 0.1%. The 
temperature-sensitive bridge elements are en­
capsulated in a constant temperature oven to pro­
vide voltage stability. Frequency range of the 
unit is 200 cps to 10 kc. For relay rack mounting, 
the unit has dimensions of 5.25 x 8 x 19 in. Other 
voltage arrangements can be provided.

International Electronic Research Corp., Elin 
Div., Dept. ED, 145 W. Magnolia Blvd., Bur­
bank, Calif.
Price ir Availability: Price is $795. Delivery time 
is four weeks.
Booth 3018.
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anel Meters
For standard voltage and current ratings

anc*1 Price ir Availability: The product will be avail-
Price has not

Vane Axial Blower
Delivers 200 cfmssex

Western Electric reports
Du Pont MYLAR® cuts capacitor costs

See Du Pont specialized films

ÍUPONJ
Title

f time

Stat»

CIRCLE 192 ON READER-SERVICE CARD

I960 199

SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents.

E. I. du Pont de Nemours & Co. (Inc.)
Film Dept., Room ED-3, Nemours Bldg., Wilmington 98, Del 

Please send booklet listing properties, applications
and types of “Mylar” polyester film available.

able from stock by May 1, 1960. 
been determined.
Booth 2904-2932.

For all standard ac and de voltage ratings as 
well as current ratings, the Big Look panel meters 
have a 3.93-in. scale length. Scales are custom 
made to meet customer requirements. Mounting 
conforms to ASA C39.1. They are 4.5-in. units.

General Electric Co., Dept. ED, Schenectady 5,

Don’t forget to mail your renewal form 
to continue receiving 

ELECTRONIC DESIGN
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HIGH DIELECTRIC STRENGTH: Aver­
age of 4,000 volts per milf... average 
power factor of 0.003 at 60 cycles.

Elin
Bur-

HOW CAN "MYLAR" HELP YOU? Whether 
your product uses miniaturized capaci­
tors or heavy-duty cables, it will pay 
you to i n vestigate the performance bene­
fits of “Mylar”. . . and products made 
with “Mylar”. Component makers find 
this tough, thin polyester film will often 
cost less on an area basis than present 
insulating materials. For more detailed 
information, send in the coupon.

tor is 
legu-

) pro­
f the 
nting, 
Other

Model E2543-200 vane axial blower operating 
at 10,500 rpm delivers 200 cfm at 3/4-in. water 
gage. It is for use where maximum air and medium 
static pressure are important. Having class F in­
sulation, the unit stands ambient temperatures to 
85 C and has a life in excess of 5000 hr. It also 
meets MIL-E-5400B. Weighing 3.5 lb, the unit 
utilizes a motor with a 2-5/16 in. diam and has 
O' er-all dimensions of 4 in. in diameter and 4-1/2 
in. in length.

Air-Marine Motors, Inc., Dept. ED, 369 Bay­
view Ave., Amityville, L.I., N.Y.
B >oth 2601.

PROPERTIES OF "MYLAR”
“Mylar” offers a unique combi­
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation.

*1».U.S. PAT Off

BETTER THINGS FOR BETTER LIVING.. .THROUGH CHEMISTRY

Application 

Nome_____  

Company_  

Address__

¡able 
are:

% to 
.5 to 
ision 
well
orms

for the electronics Industry—Booth 4329A, 4329B, I. R. E. Show.
•“MYLAR” u Du Pont’« registered trademark for its brand of polyester film. 
t Per AST M D-149.

PROBLEM: Western Electric was search­
ing for a dielectric material which, when 
used in film-foil construction, would 
lower manufacturing costs.
SOLUTION: Du Pont “Mylar”* polyester 
film. According to Western Electric, the 
moisture resistance of “Mylar” mini­
mized the need for costly encapsulation; 
high dielectric and physical strength in 
thin gauges helped reduce over-all size;

capacitance stability under normal volt­
age stress maintains long life.
RESULTS: Capacitors insulated with 
“Mylar” provide excellent performance 
for selected types of equipment pro­
duced by Western Electric. These new 
capacitors achieve high reliability and 
long life. Materials savings have been 
realized through reductions in size and 
use of less costly encapsulation.

DU PONT

MYLAR
POLYESTER FILM



NEW PRODUCTS at the ire show

Traveling Wave Tube 351
Frequency range is 1 to 2 kmc

Type STL-222 traveling wave tube has a fre­
quency range of 1 to 2 kmc. Signal gain is 48 db 
min and saturated power output is 2 w nominal. 
Metal and ceramic construction is used to pennit 
applications in a wide range of environmental 
conditions. Periodic permanent magnet focusing, 
requiring no power supply, is used. Beam voltage 
is 1000 v, beam current is 35 ma, grid bias is 35 
v, grid current is 5 ma, and grid cut-off signal is 
—20 v max. The input-output isolation is 75 db 
min. It is suited for airborne applications. Other 
units are available, covering the complete range 
of P to X bands.

Sperry Electronic Tube Div., Sperry Rand 
Corp., Dept. ED, Gainesville, Fla.
Price & Availability: Delivery is in 60 days; 
Price is quoted on request.
Booth 2432-2438.

CONTINUO^
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Model 1035 
Transparent Polystyrene 

Quality meters on the panel indicate 
quality throughout—and HOYT Panel 
Meters are quality in appearance and 
function ... the complete Line of match­
ing AC and DC Meters for original 
equipment and replacement applica­
tions. Get accuracy, readability, and 
reliability; plus economy. Specify HOYT 
Electrical Instruments—compatible com­
ponents for production, research, and 
test requirements.

“When we get reports 
from a large customer 
that the Penta power 
tubes in our Invertron last 
about 10,000 hours at 
full power and give the 
highest reliability, you 
can see why we use 
them,” says Behlman 
Engineering Company, 
Burbank, Calif.
Penta power tubes are 
used in the majority of 
the many models of the 
Invertron AC power 
supplies, which cover the 
range from milliwatts 
to kilowatts. Like every 
other Invertron 
component, they were 
chosen after the most 
rigorous competitive? 
testing.

PENTA 
POWER 
TUBES
GIVE 

US
LONG 
LIFE 
AND 

RELIABILITY' 
..THAT’S WHY THEY’RE

USED IN 
BEHLMAN 

ENGINEERING’S 
INVERTRON®

The same Penta tubes, 
proved through use by 

major manufacturers, are 
available to you right 

off the shelf. Whether 
you’re a volume 

manufacturer or a hain 
building a rig, you’ll find 

Penta power tubes 
unsurpassed for long life 

anil reliability. Call or 
write now for full 

information.
Featuring frequency 

accuracy, exceptional 
regulation, and low noise, 

Invertrons use either 
Penta PL-177A, 

PL-4D21, PL-4D2IA, 
PL-4-400A or PL-5D22 
power tubes, depending

the output.on

Penta 
PL-4-400A 
Power Tube

Printed Circuit Connectors
Have 28 contacts

Model ¿47 
Black Bakelite

Moving coil, rectifier, and repulsion 
types available promptly in a wide 
assortment of sizes, ranges, cases, 
shapes, and colors; some with parallax- 
free mirror scales 
—all with stand' 
ard mounting di-
mensions. Or 40 60 «J^B 
custom designed BfK 
io the most ex- 
acting specifico-

Penta 
PL-177 A 

Power Tube

Penta 
PL-4D21A 

Power Tube
MtJ

-IS®
Penta 

PL-5D22 
Power Tube

PENTA LABORATORIES INC.
312 N. Nopal St. Santa Barbara, Calif. WOodland 5-4581 

CIRCLE 193 ON READER-SERVICE CARD

Series 200-70-15, 14, and 13 right-angle plug 
and socket printed circuit connector has 28 con­
tacts. It can be supplied with or without threaded 
mounting-holes for dip soldering. The body mate­
rial is glass-reinforced with diallyl phthalate as per 
MIL-M-19833. A polarizing key can be placed in 
any socket contact from 2 to 27 after the mating­
pin contact has been removed.

Continental Connector Corp., Dept. ED, 34-63 
56th St., Woodside 77, N.Y.
Price ¿7 Availability: Delivery is in 45 to 60 days; 
price varies with specifications.
Booth 2307-2309.

Model 17/3 
Black Bakelite

Send for latest fully illustrated brochut 
with descriptions, engineering dM 
and moderate prices.

I VISIT OUR DISPLAY 
| AT THE IRE SHOW

SINCE 1904

ELECTRICAL 
INSTRUMENTS

BURTON-ROGERS COMPANY
Sales Division—Dept. ED

42 Carleton Street, Cambridge 42, Mast 
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Delay times are 50 msec to 3 min

Back

Sensors

Front

Range is 30 to 300 me

Computer Package

Burton Browne Advertising

ENTS
iPANÏ Engineers For Advanced Projects

2, Mast Both 1110.
CIRCLE 195 ON READER-SERVICE CARD
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and weighs 2-7/8 lb.
Applied Research Inc, Dept. ED, Port Wash­

ington, N.Y.
Availability: The unit is made on order and can 
be delivered in 30 days.

ELECTRONIC DESIGN • March 16, 1960

Model UH-2(A)S amplifier, designed to have a 
minimum noise-figure, operates in the range of 30 
to 300 me. The unit uses coplanar triodes in a 
¡cascade circuit. Broadband response is 5% to 10% 
of center frequency. Gain is up to 25 db, input 
impedance is 50 ohms, and output impedance is 
50 ohms. The unit measures 6.75 x 3.5 x 3.5 in.

Interesting, vaned work on designing transistor circuits 
and servo mecharusms.
Contact Mr. Robert Burns, Personnel Manager, in confidence

For help with your instrumentation and display problems, talk to the 
specialists at the Avionic Division.

Use ONE Compact, Accurate, Lightweight, Completely Transistorized Oster- 
Developed Temperature Indicating System. Replaces 6 Indicating Systems.

How do you take the temperature 
of an electronic system?

Series 1100 time delay relay has standard delay 
times of 50 msec to 3 min during operate or re­
lease cycle. Accuracies of 107 or better can be 
obtained under the following operating condi­
tions: vibration. 20 g at up to 2000 cps; tempera­
ture, —65 to -f-125 C; and shock, 50 g. Contact 
ratings to 10 amp are offered. Units are supplied 
for either ac or de source voltages. Relays with 
longer delays or with delay during operate or 
release time can also be furnished.

Hi-G, Inc, Dept. ED, Bradley Field, Windsor 
Locks, Conn.
Price ¿r Availability: Units are made on order and 
can be delivered in 30 to 60 days. Price is quoted 
on request.
Booth 2227.

d brocha 
ing doti,

Entire unit (component parts illustrated) has 
an accuracy of weighs only 3.85 lbs. 
max, requires only 2 3 panel space, and does 
the work of 6 indicating systems. Component 
parts consist of 4 sensors, a computer package 
with 6 channels, and a hermetically sealed 
indicator package.

The unit is typical of Oster designed equipment.

The device illustrated 
.___ senses and displays 

the highest of 4 tem­
perature sensor signals 
on the Convair B-58 

supersonic bomber. It also reads out the tem­
perature of the plane’s 2 refrigeration systems. 
However, the unit can monitor temperature 
of any military or commercial electronic sys­
tem. Special versions can be furnished to 
monitor any analog voltage signal. HOT

OTHER PRODUCTS INCLUDE

Culver City, CaliforniaWESTERN 5333 South Sepulveda Blvd

MANUFACTURING CO.
Specialists in I nslrumentatiop and lv play
Avionic Division

OFFICE Phone: EXmont 1-5742 • UPton 0-1194 • TWX S Mon. 7671
EASTERN 310 Northern Blvd • Great Neck, Long Island, New York

OFFICE Phone: HUnter 7-9030 . TWX Great Neck N Y. 2980

Servos Computers
Synchros Indicators
Resolvers Servo Mechanisms
Motor Tachs DC Motors Servo Torque Units



NEW PRODUCTS at the ire showfea

AUTHORIZED INDUSTRIAL

DISTRIBUTORS

MOST
MODERN

OSCILLOSCOPE COMMERCIALLY
AVAILABLE

Range is 7 cps to 23 kc

continuouslyanalysis. Characteristics include acci
technical details

sec,

ou Mont
(without plug ins)

precision electronics is our business

202

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

Don’t forget to mail your renewal form 
to continue receiving 
ELECTRONIC DESIGN.

I he Du Mont 425 will outperform any commercially available oscilloscope 
in its class. The 425 is not only a de to 35 me scope (useful to 60 me now, 600 
soon), but simultaneous use of two plug ms from a large selection of functional 
plug ins extends its versatility to infinity—it defies obsolescence Add to this such 
features as: digital Readout of measurements, a unique two dot system for making 
accurately repeatable measurements by minimizing human error, joystick control 
of traces, replaceable modular construction, and many others The more you know 
about scopes—the more you'll want the 425 by Du Mont. Write for complete

The first oscilloscope 
with digital and printed 
ReadOut, and versatility 
exceeding all other com­
mercial models.

See us at the IRE 
Show, Booth 3901-2

Model SS-20 spectrum analyzer gives a high­
resolution Fourier analysis in the range of 7 cps 
to 23 kc. The unit is for use with vibration sys­
tems, tape recorder testing, and magnetic tape

variable sweep width of 50 cps to 6 kc with auto­
matic optimum resolution, 500-pv full scale sen­
sitivity, 60-db dynamic range, and a linear and 
log amplitude scale.

Probescope Co., Inc., Dept. ED, 8 Sagamore 
Hill Drive, Port Washington, N.Y.
Booth 3116-3118.

pres 
qi ai

ALBANY
E. E. Taylor Inc.

BALTIMORE
Kann-Ellert Electronics. Inc.

BATTLE CREEK
Electronic Supply Corp.

BIRMINGHAM
M. G Electrical Equipment Co.

BUFFALO
Radio Equipment Corp.

BOSTON - CAMBRIDGE
Electrical Supply Corp.

CHICAGO
Lukko Sales Co'p
Newark Electric Co.

CLEVELAND
Pioneer Electronic Supply

DALLAS
Engineering Supply Co.

DAYTON
Screpco Inc.

DENVER
Denver Electronic Supply Inc.

FORT WAYNE
Fort Wayne Electronics Supply, Inc.

HOUSTON
Harrison Equipment Co. Inc

INDIANAPOLIS
Graham Electronics Supply Inc.

KANSAS CITY
Burstein Applebee Co.

LOS ANGELES
Radio Products Sales

MIAMI
Electronic Equipment Co., Inc,

MINNEAPOLIS-ST. PAUL
Ncthport Electronics, Inc.

NEW YORK - NEW JERSEY
Arrow Electronics Inc. (Mineola)
Eastern Radio Corp.
Electronics Center Inc.

PHILADELPHIA - CAMDEN
General Radio Supply Cc.
Phila.. Electronics Inc.

POUGHKEEPSIE
Hiaqins & Sheer Electronic 

Distributors
ROME

Rome Electronics, Inc.
SAN DIEGO

Radio Parts Co.
SAN FRANCISCO

Fortune Electronics
SCRANTON

Fred P. Pursell
SEATTLE

C & G Radio Supply Co.
SOUTH BEND

Radio Dist. Co., Inc.
SPRINGFIELD

T. F. Cushing Inc.
ST. LOUIS

Interstate Supply Corp
TULSA

Oil Capitol Electronics Corp
WASHINGTON, D C - ARLINGTON

Industry Services Inc.
WATERBURY

Bond Radio Supply Inc.

Largest useful viewing area-5 x 10 cm
Modular construction-replaceable 
modules
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• DC to 35 mc-useful to 60 me
• Accurately repeatable measurements­

even by untrained personnel
• Direct reading digital Readout of 

measurements
• Analog to digital converter-external 

recorders of all types

Model AB-3-5 1-kc limit bridge has an accuracy 
of ±0.3%. For testing capacity, resistance, and im­
pedance, ranges are 100 upf to 15 uf, 10 ohms to 
5 meg, and 10 ohms to 5 meg. Such components 
as resistors and capacitors, can be tested at a 
rate of 1500 pieces per hr. The instrument per­
forms GO/NO-GO tests. Decade type units or in­
dividual units can be supplied.

Industrial Instruments Automation Corp., Dept 
ED, 89 Commerce Rd., Cedar Grove, Essex 
County, N.J.
Booth 3227-3229.

PRICE: *2750««

ALLEN B. DU MONT LABORATORIES. INC.. CLIFTON, N. J., U. S A.
INTERNATIONAL DIVISION • 515 MADISON AVENUE. NEW YORK 22, N Y • CABLES ALBEEOU, NEW YORK 
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Two plug-ins used simultaneously 
Electronic switches in X, Y and Z axis 
No tube selection required

CAPACITORS

ou Mont
425

GOOD-ALL ELECTRIC MFG. CO 
Distributors' Div.

26 Rittenhouse PI. Ardmore, Pa.



S otic Inverter 506
For missile and aircraft use

Model 4314 regulated, 400-cps, sine-wave, static 
inverter is for missile and aircraft use. It drives 
hysteresis motors, gyros, and other single-phase 
loads. Operating from a 28-v de source, it de­
velops 18 va. Frequency regulation is ±1%, volt­
age regulation of 26 v is ±2%, maximum harmonic 
content is 5%, and over-all efficiency is 70%. Silicon 
transistor circuitry is used. Environmental specifi­
cations include altitudes to 100,000 it, tempera­
tures from —54 to 4-100 C, and a vibration level 
of 10 g from 55 to 2000 cps. The complete pack­
age weighs less than 2 lb.

Varo Manufacturing Co., Inc., Dept. ED, 2201 
Walnut St., Garland, Tex.
Booth 1731.

Electronic Counter 501
Frequency range is 1 cps to 120 kc

Model 521E electronic counter, having a count 
capacity of 99,999, has a frequency range of 1 
cps to 120 kc. The crystal time base assures an 
accuracy of 0.01% ±1 count. Display time can be 
adjusted from the gate time selected to about 15 
sec, or it can be held until reset. Besides measur­
ing frequency and random events per unit of time, 
the instrument can -be used to measure weight, 
pi ?ssure, temperature, acceleration, and other 
qi antities.

Hewlett-Packard Co., Dept. ED, 275 Page Mill 
B ad, Palo Alto, Calif.
P ice & Availability: Price is $875. The unit can 
/ delivered in one week.
B oth 3302-3306, 3401-3405.
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CAPACITORS

50-Volt SUBMINIATURES for

METAL ENCLOSED • MYLAR DIELECTRIC

or

HERMETICALLY SEALED

These space-saving designs are conservatively rated and capable of be-
ing produced to comply with HIGH RELIABILITY SPEGFICALONS comparable to

MIL-C-14157 and MIL-C-26244 (USAF)
Full Rated to 85°C

Types 626C - 627G (Extended foil)
Types 628C - 629C (Inserted tab)
Temperature Range—Full rating at 85’C— to 

125’C with 50% derating.
Life Teat—500 hours at 85’C and 125% of 

rated voltage.
Capacity Tolerance—All tolerances to ± 1 %.
Insulation Resistance—40,000 meg. x mfd. at 

25*C but need not exceed 70,000 megohms.
Case Style*—Available in all case style variations 

in MIL-C-25A.

Full rated to 125°C
Type 616C (Extended foil)
Type 617C (Extended foil)
Temperature Range—Full rating to 125°C - to 

150’C with 50% derating.
Life Test—500 hours at 125’C and 125% of 

rated voltage.
Capacity Tolerance—All tolerances to ± 1%.
Insulation Resistance—50,000 meg. x mfd. at

25 "C but need not exceed 100,000 megohms.
Case Style*—Available in all case style variations 

in MIL-C-25A.

50-VOLT DIMENSIONS

•These types have one lead 
grounded to the case Others 
have both leads insulated.

Cipacdtncr 626C* 627C 628C* 629C 616C*f 617Cf
<n Mfd. D ' L D L D L D L D L D L

.001 .173 x % .173 x »to .173 x ’/, .173 x to .173 x % .173 x %

.0022 .173 x % .173 x ’to .173 x H .173 x to .173 x •!<, .173 x ’/

.0047 .173 x % .173 x ’to .173 x H .173 x to .193 x % .193 x ’/

.01 .173 x »Hi .173 x ’to .173 x y, .173 x to .193 x % .193 x *

.022 .233 x % .233 x % .193 x >to .193 x ’to .233 x % .233 x '

.047 .312 x % .312 x ’to .233 x % .233 x ’to .312 x % .312 x ’/

.1 .312 x % .312 x ’to .312 x % .312 x ’to .400 x % .400 x J

.22 .400 x 1 .400 x Ito .400 x .400 x 'to .500 x 1 .500 x !’/

.47 .500 x IH .500 x Ito .500 x 1 .500 x Ito .562 x 1’/. .562 x 1'/

1.0 .560 x 1% .560 x I'to .560 x 1% .560 x I'to — ■

Temperate?«

t Al*o available in 1 5OV. 400V 
& 600V ranges.

¿IGOOD-AI

SEE LIST OF 
AUTHORIZED DISTRIBUTORS 
ON FACING PAGE

Write for literature on these new types.

MFG. CO. •

GOOD ALL CAPACITORS NOW AVAILABLE 

AT YOUR LOCAL DISTRIBUTOR

CIRCLE 198 ON READER-SERVICE CARD

203



POWER

PRODUCTS

VTVM 627

Bl

Glass-Tite’s story is simple and

444

I R E. BOOTH 1109 363-0

:LE

GLASS TITE
HERMETIC SEALS

725 BRANCH AVENUE 
< PROVIDENCE. R. I.

Type HA 58 traveling wave tube operating in 
the frequency range of 500 to 1000 me, has a sig­
nal gain of 30 db min and a saturation gain of 28 
db min. Electrostatically focused, this tube is 
rated at 1 w. No magnetic structure or solenoid

EI
H(
Be

ra 
bi 
an 
ne 
TI

Write for bulletins on 
these compact, low-cost 
power sources, or see your 
Sorensen representative. 
Sorensen & Company, Rich­
ards Avenue, South Norwalk, 
Connecticut. »40

Visit the Sorensen Booth at the IRE Show—March 21-24 
CIRCLE 199 ON READER-SERVICE CARD

GLASS-TITE
INDUSTRIES, INC.

save costs, save labor, save design time with
NEW PRODUCTS

SORENSEN “SOLDER-IN’S” Metallized Inductors
Range is 2 to 0.05 |xh

448

Miniature transistorized, component-type power-packs 
• DC-to-DC Converters (Series QO* DC-to-AC Inverters 
(Series QI) • Highly-regulated D-C Supplies (Series QM)

Quality
Is The Constant In

MORE THAN 180 MODELS!

■ If you have 117 vac, 60 or 400 cps, available, and need 3-36 vdc regu­
lated to ±0.05% ... ■ If you have available standard 6-, 12-, or 28-volt 
d-c sources and ... ■ If you need 115 vac, 60 cps, at up to 200 watts, 
or... ■ If you need 115 vac, 400 cps, at up to 240 watts, or.. . ■ If you 
need d-c voltage in the range 30 to 1000 vdc ...

Then you should get complete data on Sorensen miniature transis­
torized dc-to-ac inverters (Series QI), dc-to-dc converters (Series QC) 
and highly-regulated supplies (Series QM). They’re completely tubeless; 
no moving parts. They can replace vibrator-type supplies, rotary inverters 
or dynamotors—with greatly reduced weight, size, complexity, and cost.

CONTROLLED

These compact, metallized inductors offer an 
inductance of 2 to 0.05 ph, in steps of 0.5 ph. 
Length of the units is from 1-19/32 to 9/16 in., 
depending on inductance. They have a low tem­
perature coefficient of inductance and frequency. 
Both fixed and variable types are available. Pistons 
are brass, invar, powdered iron, or ferrite.

JFD Electronics Corp., Dept. ED, 6101 Six­
teenth Ave., Brooklyn 4, N.Y.
Availability: Units are available for 7-day deliv­
ery.
Booth 1622.

. . . the widest line lets you make the wisest choice

« ?
Full scale sensitivity is 3 mv

This ac vtvm has a sensitivity of 3 mv full scale 
and provides 11 ranges which extend to 300 v. 
Response range is 20 cps to 2.5 me and accuracy 
is within 3% over the frequency range. The proper 
range is automatically selected when the probes 
touch the circuit. The instrument is for operation 
on 105 to 125 v ac, measures 10-1/4 x 6-5/8 x 
10-1/4 in., and weighs 13-1/2 lb.

Allied Radio Corp., Dept. ED, 100 N. Western 
Ave., Chicago 80, Ill.
Price ir Availability: Available from stock, the 
unit is priced at $99.50.
Booth 3915-3917.

successful. They make a custom 
seal to your most minute specifi­
cations or they supply standard 
glass-to-metal seals — either way 
they make only one quality . . . 
THE BEST. No design requirement 
is too tough, no reasonable deliv­
ery date is impossible.

Specify Glass-Tite in Kovar and 
compression seals, diodes and rec­
tifier enclosures for the semi- con­
ductor industry and all electronic 
applications.

Write Dept. 727 for literature and 
send details of your design requirements.

Traveling Wave Tube
Gain is 30 db min

J 
cfm 
nisi 
115 
lb, 
mei

1 
Tor 
prù 
Boc
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or permanent magnet is needed. Dimensions are 
1.25 in. in diam and 18 in. in length. Operating 
emperaturc range, vibration, and shock perform­

ance meet Mil specs.
Huggins Laboratories. Dept. ED, 999 E. Arques 

We., Sunnyvale. Calif.
Booth 2971-2918.

Signal Generator 388
Range is 1 cps to 1 mc

Firm price and delivery on low noise parametric amplifiers
HUGHES PARAMETRIC AMPLIFIERS-Typical Characteristics

L Band S Band C Band X Band
Pump 50 mw at S 100 mw at 100 mw at X 150 mw ar

or C Band X Band or Ku Band Ky Band

Gain 15 to 20 db 15 to 25 db 15 to 25 db 15 to 20 db

Model N-2 signal generator has a frequency 
range of 1 cps to 1 mc. Its distortion is 0.2%. The 
built-in meter and attenuator pennit the output 
amplitude to be set at any value, eliminating the 
necessity for a voltmeter to monitor the output. 
This unit replaces model M-2.

Southwestern Industrial Electronics Co., Dept. 
ED, 10201 Westheimer Hoad, P.O. Box 13058, 
Houston 19, Tex.
Booth 3307-3309.

Firm price and delivery schedules are available for negative resistance, cavity typ» 
amplifiers in the L, S. C, and Lower X-Bands. You can choose from either development 
models for evaluation in your system, or custom designed, fully qualified units in production 
quantities. The table at right shows typical amplifier characteristics now being obtained 
in development models.
With noise figures as low as 2 db, these amplifiers are ideally suited to radar acquisition 
and tracking systems, tropo-scatter communications, telemetering, satellite tracking, and 
microwave relay links.
They recover from overload in milliseconds—are resistant to deterioration and failure from 
high power. Phase jitter and gain stability characteristics are excellent, and with the 
associated ferrite circulator, the amplifier is fail-safe in case of pump or diode failure
Small in size and weight, the amplifier can easily be retrofitted to many existing systems. 
Hughes Microwave Products can provide complete retrofit kits, including ferrite circulator, 
amplifier, pump circuitry, and pump klystron, custom fitted to your system configuration.

Bandwidth 2 to 10 me Up to 25 mc Up to 25 mc 2 to 8 mc

Noise Fi jure 2 to 4 db 2 to 4 db 2 to 4 db 6 db

Remarks Non- Non- Non- Quasi­
degenerai-' degenerate degenerate degenerate

For information on price and delivery 
dates, or for further technical data, 
write Microwuvi) Products. Advanced 
Program Development, Hugties Aircraft 

Company, Culver City 4, Calif., 
or phone UPton 0-7111, Ext. 4727.

i ~ ““

: HUGHES

Blower Unit
Provides 350 cfm

Model MSA 11000 blower unit provides 350 
* cfm at 5.8 SP at a density of 0.075. It can be fur­

nished in speeds of 5400, 7500, and 11.500 rpm at 
115. 200, 208, and 440 v. The unit weighs 5-3/4 

■ b, and meets military requirements for environ- 
H mental conditions.

B* Torrington Manufacturing Co., Dept. ED, 
Torrington, Conn.

■I ^rice & Availability: The unit is made on order, 
I Booth 1919.

960 I ELECTRONIC DESIGN • March 16, 1960
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NEW PRODUCTS AT THE IRE SHOW

Voltmeter
Measures 1 mv to 1000 v ac and 1 to 1000 v de

Model R-3 transistorized voltmeter measures 
from 1 mv to 1000 v ac full scale in 14 ranges over 
a range of 10 cps to 200 kc; it measures positive 
and negative de voltages from 1 to 1000 v full 
scale in 7 ranges, electrometer input from 0 to 1 v 
de, and center-scale resistances from 10 ohms to 
10 meg in 7 steps. Over-all accuracy is better than 
3% on all voltage readings. Self-contained batteries 
and transistor circuitry are used.

Southwestern Industrial Electronics Co., Dept. 
ED, 10201 Westheimer Road, P.O. Box 13058, 
Houston 19, Tex.
Price ir Availability: Unit is available from stock 
at a price of $335.
Booth 3307-3309.

Power Supplies 357
Regulation is ±0.01%

Power supplies in the 120 series have ±0.01% 
or ±3 mv regulation from no load to full load or 
from 105 to 125 v. Ripple is less than 500 pv rms. 
Four units, models 121 through 124, provide from 
0.1 to 50 v de at 0 to 5 amp. Current levels can 
be preset to protect external equipment. Provi­
sion for remote error sensing is through a terminal 
strip at the rear of each chassis. Each unit is sup­
plied in a rack mounting version and can be 
adapted for bench use.

Quan-Tech Laboratories, Dept. ED, 60 Parsip- 
pany Blvd., Boonton, N.J.
Price ir Availability: Units are or soon will be 
available from stock. Price ranges from $475 to 
$645.
Booth 3034.
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Price reductions extend scope o
An important advance in the field of 
voltage regulation is the development of 
a new line of Sola Standard Constant 
Voltage Transformers with sinusoidal out­
put. New design enables us to price them 
about the same as previous models not 
having sine-wave output. Now you can 
have the advantages of ± 1 % static-mag­
netic voltage regulation in new applica­
tions requiring harmonic-free input where 
previously the cost was a deterrent.

These new units provide output voltage 
regulation of ±1% for line voltage varia­
tions as great as ±15%. They regulate 
automatically and continuously. Fast re­
sponse time averages 1.5 cycles or less. 
Output has less than 3% total rms har-

£ •

Slit CtKtMt 
IWtaf» Ir«rf»iwt

Electrical mi
MBCÍWBÍCJI "■

Sola Sinusoidal type

Constant Voltage Transformers^

for universal application,

now moderately priced

Housed unit with mounting plate typical of 
structures employed in 60va to Ikva ratings.

monic content, and formulae based on 
sinusoidal wave shape may be used in de­
signing related load circuitry.

Design and production innovations 
make these new units substantially smaller 
and lighter than previous models. They 
are relatively compact compared to other 
equipment for comparable ac voltage regu­
lation. They are easy to select and order 
—the buyer merely selects the stock unit 
whose output capacity equals or exceeds 
the desired equipment input. Sola Stand­
ard Sinusoidal C V Transformers are avail­
able in nine stock output ratings from 60va 
to 7500va. Custom designs to meet special­
ized requirements are available in produc­
tion quantities.

Write for full information
With electrical control systems and components continuing to in­
crease in number and complexity, and imposing more rigid reliability 
requirements, these new Sola Constant Voltage Transformers provide 
many advantages and virtually unlimited application. They are the 
result of over four years of development, design, and production engi­
neering in the Sola laboratories and plant.

These developments mean superior voltage regulation, giving you 
a bonus in equipment reliability and performance at no increase in cost.

For full information, please write for technical literature on Sola 
Constant Voltage Transformers. We will mail it promptly, or if you 
wish, we will have a representative call on you.

ELECTRONIC DESIGN • March 16, 1960



Sola Normal-Harmonic type

Constant Voltage Transformers

now specifically designed and

priced for component use

of Sola voltage regulation.
Subcarrier Discriminator

Needs no input attenuator

A DIVISION OF BASIC PRODUCTS CORPORATION

2071960

Sola Manufactures: Constant Voltage Transformers, Regulated DC Power Supplies 
Constant Wattage Mercury Lamp Transformers and Fluorescent Lamp Ballasts

ind-bell unit with separate capacitor typical 
of structura» engineered for component use.

Don’t miss an issue 
of ELECTRONIC DESIGN 
return your 
renewal card today.

with line voltage variations as great as 
±15%. This group has an average of 14% 
total rms harmonic content in its output 
voltages and is suited to equipment not 
extremely sensitive to voltage wave shape.

Sola Normal-Harmonic type voltage 
regulators are available in nineteen stock 
ratings from 15va to lOkva, including 
those mechanical designs specially engi­
neered for use as built-in components. 
With many of the most popular ratings 
now reduced in price, these Sola Constant 
Voltage Transformers provide one of the 
most economical means of close voltage 
regulation in a broad range of applications.

Re-design of Sola “Normal-Harmonic” 
type static-magnetic voltage regulators 
has resulted in a significant reduction in 
their size and weight. Prices on many of 
these units have been reduced. Now it’s 
possible for you to improve equipment 
performance by using them in many new 
fields at less cost than ever before. Re­
design has in no way sacrificed the per­
formance of these units—they provide all 
the outstanding benefits which have made 
them the standard of the industry for 
more than fifteen years.

Sola Normal-Harmonic type voltage 
regulators provide ±1% output voltage

This subcarrier discriminator is for use in fm-fm 
RDB/IRIG telemetry', for ground checkout of 
airborne systems, and for long distance transmis­
sion of multi-channel analog data. No input at­
tenuator is required. The input range is 3 v to 5 
mv rms. Input impedance is over 1 meg, shunted 
by 20 ppf; output impedance is 0 ±10 ohms. 
Standard linearities are ±0.25% and ±0.5%. The 
power output from the operational amplifier is to 
±100 v at 30 ma into 3300 ohms. The unit meas­
ures 5.25 x 19 x 16.375 in.

The Geotechnical Corp, Dept. ED, P.O. Box 
28277, Dallas 28. Tex.
Booth 2340.

This line of battery chargers features models 
ranging in output from 6 to 120 v at 0 to 125 
amp. These fully-automatic units have silicon 
rectifiers and silicon diodes; they use no moving 
parts. The close-end voltage regulation of ±1% 
is maintained to accommodate line changes of 
±107. Each unit includes a moving coil type de 
voltmeter and ammeter.

Christie Electric Corp, Dept. ED, 3401 W. 67th 
St, Los Angeles 43, Calif.
Booth 2911.

Sales Offices in all principal cities 
N CANADA, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ontario

CIRCLE 202 ON READER-SERVICE CARD
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Models range from 6 to 120 v



Wide-Range 
Self-Contained

NEW PRODUCTS AT THE IRE SHOW

460 BINARY

Precision 
Inductance Bridge

COUNTERS
i

Delay Line
Total delay is 6.5 psec ±0.5%

Type L748C delay line has a total delay of 6.5 
itsec ±0.5% and a rise time of 0.135 psec. A 
lumped parameter network, it is equipped with 
32 equally spaced taps. Impedance is 470 ohms, 
insertion loss is 0.7 db, and temperature coefficient 
of delay is 25 ppm per deg C. Dimensions of the
unit are 6 x 3 x 2-7/8 in. and weight is 3 lb.

Columbia Technical Corp., Dept. ED, 
31st Ave., Woodside 77, N.Y.
Booth 1112.

Plastic Potentiometers
Resistance is 250 ohms to 150 k

These 1/2-in. plastic potentiometers have

61-02

494

s i*
BINARY 

COUNTER

TYPE: PM7253

HGLEWOOO CMI

ACTUAL SIZE
%" DIA. x 2’/e" SEATED

MODEL 63A PRICE $1500

• Inductance Range: .002 Microhenry to 1.1 Henry.
• Series Resistance Range: .002 Ohm to 110K Ohm.
• Built-in 1 to 100 KC Oscillator - Detector.
• No False or Sliding Nulls.

a re-

ALSO MANUFACTURERS OF THESE FINE INSTRUMENTS

DC Millivoltmeter Capacitance Bridge RF Distortion Meter UHF Grid Dip Meter

sistance range of 250 ohms to 150 K. The power 
rating is up to 3 w at 65 C, life expectancy is 
10,000,000 cycles, and resolution is essentially in­
finite. Standard independent linearity is ±0.5%; 
linearity can be lower on special orders. Units 
meet Mil specs.

Ace Electronics Associates, Inc., Dept. ED, 
Somerville, Mass.
Booth 1813-1815.

Test Point Connectors 451

Boonton ELECTRONICS Corp.
Morris Plains, New Jersey • Phone: JEfferson 9-4210

SEE US AT THE SHOW, BOOTH #3114
CIRCLE 203 ON READER-SERVICE CARD
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IF YOU USE BINARY COUNTERS ... You 
should select from Walkirt’s big assort­
ment of proved reliability, encapsulated 
counters. We make NPN and PNP types, 
Germanium or Silicon, in many physical 
configurations. We'd like you to com­
pare our circuit performance and our 
price list with any other counter. For 
example, compare these brief specifica­
tions of the type PM7253 “ECONOMY 
LINE" binary pictured

MAX. FREQUENCY Over 800 KC
RISE TIME
LOAD

...Less Than 0.25pS

Will Directly Drive 2
Triggered Circuits Per Output 

Without Emitter Followers

HAS "SET” AND "RESET” TERMINALS

Write for technical 

information on DIGITAL 

and LOGIC circuitry.

Have 28 contacts
SALES OFFICES IN PRINCIPAL CITIES

The 672-8 series of 28-contact test point con­
nectors has right angle pins for dip soldering to

Tjmnjirirmrr
COUNTER MANUFACTURERS SINCE 1S4B 
141 W. HAZEL ST., INGLEWOOD 3, CALIF.

R

I

ELI
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hpendabllily 
Belialiiliig 
Stability

are the key words for

a printed circuit board. Closed-entry contacts ac­
cept a 0.08-in. test probe. Three stainless steel, 
threaded mounting-holes are integrally molded 
into the body. Contacts are phosphor bronze, gold 
plate over silver plate. Molding material is glass 
filled diallyl phthalate as per MIL-M-19833.

Continental Connector Corp., Dept. ED, 34-63 
56th St., Woodside 77, N.Y.
Price ir Availability: Price varies with quantity 
and specifications. Delivery is in 45 to 60 days.
Booth 2307-2309.

Phase-Angle Meter 450
For measuring in the vicinity of 90 deg

Designed for measuring phase angles in the 
vicinity of 90 deg, model OPS-100 phase-angle 
meter consists of an 8-w power oscillator and a 
variable phase-shifter having a range of 90 ±10 
deg. The resolution and incremental accuracy is 
0.05 deg. The absolute accuracy is better than 
0.1 deg at 90 deg and better than 0.25 deg 
throughout the range.

Industrial Test Equipment Co., Dept. ED, 55 
E. 11th St., New York 3, N.Y.
Booth 3513.

designed and produced by Amplifier 452
Range is 300 to 1000 me

Now... from Sonotone—

4 Big 
Improvements 
in the quality stereo cartridge

The new Sonotone 8TA 
cartridge gives greater than 
ever stereo performance... 
has 4 big extras:

® fuller, smoother frequency response ONLY
• higher compliance than ever before
• lighter tracking pressure /I Uli
• practically eliminates dust pile-up ■ ■

Sonotone 10T unitized stereo at 
lowest price ever

Sonotone 8TA cartridge replaces 
8T as industry standard

New 10T cartridge sells at record low price of 
$6.45.* And it covers the complete high fidelity 
range. lOT’s unitized construction makes it easi­
est to install, easiest to replace. Low price means 
more sales—more profits.

SPECIFICATIONS
8TA 1OT

Frequency Response........................Smooth 20 to 20,000 cycles. Flat from 20 to 15,000 cycles
Flat to 15,000 with gradual ± 2.5 db.
rolloff beyond.

Channel Isolation .............................25 decibels 18 decibels
Compliance ..........................................3.0 x 10-* cm/dyne 1.5 x 10-* cm/dyne
Tracking Pressure.............................3-5 grams in professional 5-7 grams

arms 
4-6 grams in changers

Output Voltage ..................................0.3 vòlt* 0.5 volt
Cartridge Weight............................... 7.5 grams 2.8 grams
Recommended Load ........................1-5 megohms 1-5 megohms
Stylus.......................................................Dual jewel tips, sapphire or Dual jewel tips, sapphire or

diamond. diamond.

See us at the show, Booth #1223

TUEBMAl 
»K INC.

and O.K. ELECTRONICS 
41 RIVER ROAD 

NORTH ARLINGTON, N. J. 
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Model UH-2(A) amplifier, constructed to have 
a tunable center frequency, has an operating 
range of 300 to 1000 me. The range of tuning is 
as much as ± 10% of the center frequency. Broad­
band response is about 10 me and the noise figure 
is from 5 db at 400 me to 8.5 db at 1000 me. The 
unit is furnished with a power supply which oper­
ates from 117 v ac, 60 cps, 25 w.

Applied Research, Inc., Dept ED, Port Wash­
ington, N.Y.
Availability: The unit is made on order and can 
he delivered in 30 days.
Booth 1110.

•including mounting bracket«

Sonotone makes only 6 basic ceramic cartridge models... 
yet has sold over 9 million units... used in over 662 dif­
ferent phonograph models. For finest performance, replace 
worn needles with genuine Sonotone needles.

A O Electronic Applications Division, Dept. C23-30

Il l CJ ll ti® p. ELMSFORD, NEW YORK

Leading makers of fine ceramic cartridges, speakers, tape heads, microphones, electronic tubes.
In Canada, contact Atlas Radio Corp., Ltd., Toronto

CIRCLE 206 ON READER-SERVICE CARD
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NEW PRODUCTS AT THE IRE SHOW

Sweep Oscillators 510
Output is 2.5 v into 500 ohms

Operating from an input of 12 to 24 v, these 
transistorized, non-mechanical sweep oscillators 
have an output of 2.5 v into 500 ohms. An auto­
matic leveling circuit keeps the output constant 
to within ±10%. Model TO-1 has a range of 950 
to 3000 kc and model TO-2, 570 to 1600 kc. Con­
trol current requirements are about 0 to 35 ma 
across 450 ohms, 2 h, for full range. The unit will 
accept sweep frequencies from 0 to 1000 cps.

VARI-L Co., Inc., Dept. ED, 207 Greenwich 
Ave., Stamford, Conn.
Availability: The units are furnished from stock. 
Booth 2209.

AMERICAN

PLATINUM

DIVISION

a simplified mirror-bright silver 

plating process for electrical 

and electronic components
Here is the most efficient, simple procedure to protect elec­
trical electronic and lamp components with a mirror-bright 
silver finish—through a complete range from flash to heavy 
deposit. The procedure is easy, economical and non-critical 
—with little or no polishing required. Silva Brite is a clear, 
water-white solution, enabling the operator to observe work 
as it is being plated. Uniformly good results are attained 
with current densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature operation minimizes 
fumes and tendency toward bath decomposition. Send for 
descriptive data together with detailed plating procedures.

AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK. N. J.

CIRCLE 865 ON READER-SERVICE CARD
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Microwave Power Levelers 495
Ranges are 50 to 75 db

The 500 series of microwave, power levelers 
control output variations from a traveling-wave 
amplifier or backward-wave oscillator by a feed­
back process. Voltage gain is 80 db max; gain is 
adjustable over five overlapping ranges from 47 
to 80 db. Ranges are 50, 60, 65, 70, and 75 db. 
Vernier control allows flexibility’ of adjustment. 
The de amplifier bandwidth is flat within ±0.5 
db from de to 20 kc and —6 db at 100 kc. The 
units require 115 v ac at 60 cps and can be sup­
plied for rack mounting or in cabinet models.

Menlo Park Engineering, Dept. ED, 711 Ham­
ilton Ave., Menlo Park, Calif.
Booth 3836.

Have you sent us your subscription 
renewal form?

NEWARK 2 NEW JERSEY

for low cost 

purification and drying of 

hydrogen and other gases

The Deoxo Catalytic Purifier is combined with an extremely 
efficient automatically operated drying unit to provide 
oxygen-free hydrogen that is ideally pure and dry. The 
combined units are identified as the Deoxo Dual Puridryer. 
It supplies hydrogen with less than one part oxygen per 
million - dried to a dew point of — 100°F. No inert gas 
purging is needed. The Deoxo Dual Puridryer can also be 
used with other gases such as: Nitrogen, Argon, Helium and 
saturated hydrocarbons, with equally fine performance. 
Write for descriptive literature.

CHEMICAL DIVISION • 113 ASTOR STREET 
NEWARK. N. J.

CIRCLE 866 ON READER-SERVICE CARD

100% OF ASSAYED PRECIOUS METAL CONTENT • IRVINGTON-BAKER REFINING DIVISION
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Silicon Glass Diodes
With tolerances of 20%, 10%, and 5%

in the design and manufacture

vices.

ATTLEBORO, MASS

CIRCLE 867 ON READER-SERVICE CARD

Rates are to 15,000 pps

tubing in noble metals and

CIRCLE 868 ON READER-SERVICE CARD

Telecomputing Corp., Data Instrument Div., 
Dept. ED, 12838 Saticoy St., North Hollywood, 
Calif.

LECTRONIC DESIGN • March 16, 1960

PROMPT PREGOUS METAL SCRAP RECOVERY SERVICE • ENGELHARD PROCEDURES RECOVER

are especially suitable for computer

Data Accumulator and 
Recording System

The country's leading producers of electrical and electronic 
equipment look to Makepeace for the design and manufac­
ture of slip ring assemblies.

Slip ring design for particular applications depends upon 
the various electrical and mechanical factors invoived. Thus, 
Makepeace has developed many special alloys and combi­
nation of alloys to meet a wide range of requirements. Our 
engineers and metallurgists are thoroughly qualified in this 
specialized field and will be pleased to make recommenda­
tions on your particular problem.

Complete facilities are available for the manufacture of 
slip ring assemblies ranging in diameter from V to 48 and 
larger—for General Purpose, Radio Frequency and Video 
Ring Circuits, High Speed Instrumentation, High Voltage 
Ring Circuits and Power Pulse Slip Rings. A slip ring data 
file is available—write for your copy.

Model 180 data accumulator and recording 
system accepts bi-directional input pulses at rates 
up to 15,000 per sec from measurements devices 
generating sequential pulses as a function of the 
parameter being measured. Each channel has a 
maximum storage of ±999,999 counts. A control 
unit supplies output programming and related 
readout control signals for the system. Nixie tube 
readout is used. The power requirement is 115 v

Types 1/4M6.8Z through 1/4M200Z 1/4-w sili­
con Zener diodes come in sizes of 6.8 through 200 
v, in tolerances of 20%, 10%, and 5%. They are also 
offered in series or parallel matched sets with 
tolerances as close as 1%. Diffused-junction de­

nse and have many applications in oscillators, de­
coupled amplifiers, switching circuits, multivi­
brators, level-shifters, clamps, subtractors, and 
references.

Motorola Inc., Semiconductor Products Div., 
Dept. ED, 5005 E. McDowell Rd., Phoenix, Ariz.

their alloys, for all applications.
The unique combination of properties of the noble metals 
continually recommend them for industrial applications. Our 
modern melting, wire drawing, rolling and heat treating 
equipment coupled with long experience in the field is at 
your service for production of standard and special items. 
WIRES: Bare drawn wire of ductile materials down to .004" 
—High temperature thermocouple wires—High temperature 
furnace windings — Potentiometer and Resistance wires — 
Platinum clad tungsten wire.
FOILS: In platinum, palladium and gold down to .0001"— 
In iridium and rhodium as thin as .001".
TUBING: Seamless in platinum, palladium, gold and their 
alloys. Sizes from .018" with .004 wall up to llz" with 
.042" wall.

For complete information write for our leaflets, “Fine 
Wire, Foils, Ribbons ’ and "Noble Metal Thermocouple Wire”.

uoxl
IOG0’ C DIVISIONS

Tl* »Kl ? SETT INC I 
«J *0* A IICUIÜ GC

MAKEPEACE

DIVISION

BAKER

DIVISION



with the

Storage at 
Less than 

IV2Í per bit!

Bryant Model 7508
Magnetic

Storage Drum
Bryant's new Model 7508 Magnetic 

Storage Drum offers you a convenient size 
memory at extremely low cost-per-bit. 
(Less than 1.5 cents per bit.)

This compact and efficient 7.5" diam­
eter by 8"-long drum is enclosed in its 
own dust-tight cabinet. Complete with 
connectors and isolator mounts. Overall 
dimensions are 14" diameter by 16" high.

Standard Operating Parameters 
include:

Bit Repetition Rate (Return to Bias): 
Over 300 KC • Bit Repetition Rate (Non- 
Return to Bias): Over 600 KC . RPM: 900 

HH to 6,000 • Number of Tracks: 250 • BitCa- 
pacify; 460, 800 ♦ Bits-Per-Track: 3072 • 
Design Life (at 6.000 RPM): Over 3 years 1 

^B • Guaranteed Runout: Less than .0001" I 
B TIR. Military Specifications: Compatible A 
B with MIL-E-4158A and MIL-E-16400B. B 
B For more information about the Model 
J 7508 and other Bryant Standard Mag- MM 
f netic Storage Devices, from 7500 to 

75,000,000 Bits, write to Bryant Com-^^UH| 
puter Products Division, P.O.

620. Springfield, Vermont. ^^B^WbB

CIRCLE 208 ON READER-SERVICE CARD

NEW PRODUCTS

Commutators 405
Provide up to 43 channels

Types 4000C and 4000D Dataplexers provide in­
formation capacities of up to 43 channels at a 20 
frames per sec rate. The units comply with IRIG 
standards for PAM and PDM airborne telemetry. 
The PDM channels are linear within ±0.1% with 
pulse rise and decay times of 10 psec. The PAM 
output duty cycle is adjustable between 40% and 
100% with pulse rise and decay times of less than 
5 psec. Units operate in environments of —65 to 
-f-100 C, 100% relative humidity, 100 g shock, 100 
g acceleration, and 30 g rms random vibration. 
Power requirement is 2.5 w.

Tele-Dynamics Inc., Dept. ED, 5000 Parkside 
Ave., Philadelphia 31, Pa.

Proximity Switch
For use in severe environments

This proximity switch is designed for use as a 
limit, interlock, counter, or indicator sensor under 
unfavorable environments such as those caused 
by oil, grit, and extreme vibration, consists of a 
sensor and a separate amplifier with a plug-in 
relay. These components may be located up to 
150 ft apart without the use of shielded wire. The 
sensitivity range is from 1/8 to 1/2 in. A cen­
tralized sensing pole increases the latitude of di­
rectional approach of the work-piece to the sens­
ing face. It can be energized from 115 v, 60 cps 
power. -

Micro Switch, Dept. ED, Freeport, Ill.

PROBLEM- 
how TO DRIVE 
COSTS DOWN? 

HERCITE* 
TRANSISTOR MOUNTS

Hercite, the latest in the line 
of new developments at \ i \
Hereon, can save you up to \ \ \ 
25% because of the newly \ \ \ 
developed and fully tested \ \ \
materials used in the \ \ \
manufacturing of Hercite \ \ \
bases. Engineering tests are \ \ \
conclusive proof of the \ \ \ '
excellent characteristics and \ ‘
quality available with the 
use of these bases which 
have high strength of 
compression combined with the oxide bond of 
matched seals.
«Hercite (pronounced Her-kite) is a new mate­
rial combination which makes it possible to 
produce superior quality transistor mounts at 
o great cost savings. Proof-test these mounts 
in your plant at no cost or obligation. Free 
samples on request. For this or any other 
glass-to-metal Seal Problem—

GET THE COMPLETE
STORY BY WRITING TO:

HERCON ELECTRONICS 
CORPORATION 

formerly 
HERMETIC CONNECTOR CORP.

481 Washington Street, Newark 2, N. J.
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Provides dpdt control

How?

POSTFORK

DOUBLE TURRET SUB-MINIATURE

vital
SINGLE TURRET

Kas a 3.5 w power rating

splitting

Incredible?

16, 1960 213

VOLTS A C.
■JU. j

Make us prove it by asking for 
Data File C124

Aero Electronics Corp, Dept. ED, 1745 W. 
134th St, Gardena, Calif.
Price 6 Availability: Delivery is from 2 to 3 weeks. 
Prices range from $9.50 to $12.15. Quantity dis­
counts.

FROM THE LARGEST 
STANDARD and CUSTOM 
LINE AVAILABLE...

9326 Byron Street. Schiller Park, Illinois 
¡Chicago Suburb!

CIRCLE 210 ON READER-SERVICE CARD
ELECTRONIC DESIGN • March

Available with insulated leads or printed cir­
cuit plug-in pins, this trimming potentiometer has 
a power rating of 3.5 w at room temperature and 
0.35 w at 175 C. Resistance values range from 50 
to 100,000 ohms. This component withstands 30 g 
vibration at 30 to 2000 cps, and 100 g shock in 
any axis. It has a stability of 30 ppm nominal to 
190 C reaching a zero power and total weight is

Helipot offers you hundreds of models 
... either AC or DC... in divers shapes, 
sizes and voltage ranges. (Not to 
mention voltage monitoring packages, 
which may include our expanded scale 
frequency meters and linear scale 
ammeters, too.) All have uncommon 
accuracy in common, plus resolution 
ten times that of conventional meters!

With two basic type A, snap-acting switch 
mechanisms in a single housing actuated by the 
same operating button, this switch, type DA, pro­
vides dpdt control of electrical circuits in automatic 
devices. The switch is listed at 15 amp, 125 to 
250 v ac. Horsepower ratings are: 1/2 hp at 125 v 
ac, 1 hp at 250 v ac or 3/4 hp at 125 v ac, and 
1-1/2 hp at 250 v ac. The molded phenolic body 
measures 1-1/8 x 1-13/16 x 41/64 in.; mounting is 
by two screws on 1-in. centers.

The W. L. Maxson Corp, Unimax Switch Div, 
Dept. ED, Ives Road, Wallingford, Conn. 
Price Er Availability: Available from stock. Price 
is $2.40 when ordered in quantities of 1 to 99. 
Quantity discounts available.

Beckman7H_|.__t. Helipot Division of
I neiipoi Beckman Instruments, Inc.

I Fullerton, California
/ Engineering representatives

in 29 cities

before the bird takes off During preflight checkout, ground 
power supplies must be meticulously 
monitored to avoid limping under­
voltage, crippling overvoltage.

potentiometers • dials • delay lines • expanded scale meters • servomotors • breadboard parts 
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GET THE EXACT 
TERMINAL YOU NEED

beckman Expanded Scale Voltmeters— 
with accuracy to a fraction... readability 
to hundredths! That’s vital volt-splitting 
at the moment of "Go—No Go," when 
operation depends upon precise power 
input with no room for guesswork.
(And no trifling with "average” readings: 
beckman AC meters give honest, direct 
rms readings on all wave forms.)

Over 100 varieties are furnished as stand­
ard. This includes a full range of types, 
sizes body materials and plating combina­
tions. Specials can be supplied to any spec­
ification. The Whitso line is complete to 
the fullest extent of every industrial, mili­
tary and commercial 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 stand­
ard or to specification.
Whitso terminals are molded from mela­
mine thermosetting materials to provide 
optimum electrical properties.
Body Materials: Standard as follows—mela­
mine, electrical grade (Mil-P-14, Type 
MME); melamine impact grade (Mil-P-14, 
Type MMI); and phenolic, electrical grade 
(Mil-P-14, Type MFE).
Plating Combinations: Twelve terminal and 
mounting combinations, depending on elec­
trical conditions, furnished as standard.
Specials: Body materials and plating com­
binations, also dimensions, can be supplied 
to any custom specifications.
PROMPT DELIVERY IN ECONOMICAL 
QUANTITY RUNS

• •• •' fmnfAi moat com­
- .

unv for terminals Wn
and custom molded Q KSHP”«
/•irh Requeu 
catalog

STANDOFFS

FEED THROUGHS



NEW PRODUCTS

Vibration Equipment 486
Monitors and amplifies signals

Model 2702 Dyna-Monitor is a 
laboratory system that monitors and 
amplifies vibration, shock, pressure, 
and force signals. It provides vtvm 
readout or direct reading in g’s or 
other parameters; a 10-mv input 
gives full-scale meter reading and 
10-v output. A frequency response 
of ±5% with 20-ft of driven cable, is: 
3 cps to 10 kc with 1000-p|if source 
capacitance or greater; 5 cps to 10 
kc with 500- to 1000-|ipf source ca­
pacitance; and 10 cps to 4 kc with 
200- to 500-ppf source capacitance.

Endevco Corp., Dept. ED, 161 E. 
California Blvd., Pasadena, Calif. 
Price ir Availability: Delivery is ap­
proximately 10 days. One channel is 
priced at $950, two channels at 
$1350, and three channels at $1750.

Wire and Strip 489
Are coated with aluminum oxide

This flexible, aluminum-oxide­
coated wire and strip can withstand 
temperatures up to 1100 F, and in 
certain forms, are good at tempera­
tures as high as 1900 F. The insu­
lating thickness can be controlled 
from 0.00008 to 0.001 in. Heat prop­
erties for aluminum-oxide insulation 
are: melting point, 3600 F; linear co­
efficient, 5 x 10®.

Permaluster, Inc., Dept. ED, 2012 
W. Burbank Blvd., Burbank, Calif. 
Price ir Availability: Available from 
stock and made on order. Price is $50 
per lb or 1000 ft, depending on gage 
and Size. Quantity discounts avail­
able.

Solderless Terminals 484
Come in all tongue types

These Avikrimp style solderless 
terminals come in all tongue types: 
ring, hook, spade, flanged spade, 
and rectangular. They are reinforced 
by a seamless tin-plated brass sleeve 
attached over the regular terminal 
barrel. In addition, they have a per-
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NEW| 111
LOW COST • ■ J 

all-electronic, totally-transistorized M 

DIGITAL MULTIMETERS
NOW IN A SINGLE 5%" OR 8%'x 19" PANEL Digital Multimeters for measuring any ■ 
combination of AC/DC volts, AC/DC ratios, and resistance, with pre-amps for I 
higher sensitivities, and optional electrical outputs and print control capabilities! nJ

I -
DC 1

This new line of all-electronic, solid state 
instruments meets the growing 

requirement for precision, multi-purpose 
measuring instruments. Any combination 

of AC and DC voltages, AC and DC 
ratios, resistances... every electrical 

parameter which is of interest to 
the instrumentation designer... can now be 

measured quickly, accurately, with a 
single instrument.

Unmatched specifications! These Multimeters are 
the first to have a combination of high input imped­
ance, 4 digit accuracy, automatic ranging, automatic 
polarity and high speed in a single instrument!
All electronic, solid state circuitry! Exclusive use of 
transistors and diodes provides a light, compact 
instrument possessing exceptionally high reliability 
and accuracy. The experience of more than 6,000 
digital instruments has gone into their design.
Unique reference supply gives unequalled stability! 
For these new instruments, EI has developed a pre­
regulated, twin Zener diode bridge with the Zener 
diodes in a temperature-stabilized oven. Temperature 
stability and drift characteristics of this reference

are better than .005% and unequalled in the industry. 
Easily integrated into semi- or completely automatic 
systems! These new instruments reflect El’s active­
participation in the building of small and medium 
size digital systems. All necessary control logic is 
available at rear panel connectors for external con­
trol. Every instrument is ideally suited for automatic 
input signal conditioning or scanning operation. 
Models with electrical outputs will operate directly 
in multi-point scanning and print-out data logging 
systems without any additional circuitry or auxil­
iary equipment.
Electrical outputs optional! Where “hard copy” of 
test results is not required, the addition of electrical 
outputs and print control capabilities is a costly, 
unnecessary luxury. EI provides these new instru­
ments, in every measuring configuration, either with 
or without these features.
Sensitivity control eliminates effect of noisy readings ! 
A front panel sensitivity control is provided on each 
of the instruments to overcome unusual noise con­
ditions and give, as a by-product, a qualitative meas­
urement of the noise present.

■■■
DC Volt!

FLIP-TOP BOX CONSTRUCTION 
FOR EASY MAINTENANCE.

Electro Instruments,
3540 AERO COURT • SAN DIEGO 11, CALIF.

Inc.

C Volts/Rtl
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Average Reading Time: 50 milliseconds
Laminates 487

0-50*C

Automatic Features:

Range:

ÜC RATIO SPECIFICATIONS: Apply to all instruments

1000 megohms

Chassis Slides 485

Range:

Average Reading Time:

Range:

Accuracy:

sales office or representative for complete information.your

.0000 to .9999 VAC;
1.000 to 9.999 VAC;
10.00 to 99.99 VAC;
100.0 to 999.9 VAC
0.1% and two digits

0 50*C 
Ranging

5 K ohms on 10 microvolt 
range only; noncritical all other 
Ranging, polarity

0-50*C
Ranging (decimal point 
placement)

0 50*C 
reference supply, ratios of

0.50“C 
Ranging, polarity

.0000 to .9999* 
± 1 digit 
1000 megohms 
50 milliseconds 
100 milliseconds
10 volts ±10% (nominal)

Accuracy: 
Frequency 
Response: 

Input Impedance:

Average Balance Time:
Operating Ambient 

Temperature:
Automatic Features:

Operating Ambient 
Temperature: 

Maximum Source 
Impedance:

Accuracy:
Input Impedance:

Operating Ambient 
Temperature:

Automatic Features:

MODEL 150
DC VolB/DC Ratios/AC Volts 

With Electrical Outputs

MODEL 551
DC Volts/DC Ratio/AC Volts 'Resistance 

With Electrical Outputs

30 cps to 10,000 cps
1 megohm shunted by 30 
mmfd up to 9.999 VAC;
10 megohms shunted by 30 
mmfd up to 999.9 VAC
2 secs, low freq.; % sec. high 
freq. (400 cps and up)

± .0001 to ± .9999;
±1.000 to ±9.999;
±10.00 to ±99.99;
±100.0 to ±999.9 v
0.01% ± 1 digit
1000 megohms to ±9.999 v;
11 megohms to ±999.9 v
50 milliseconds
200 milliseconds

MODEL 148 
0C Volts/Ratio With Electrical Outputs

000.1 ohms to 999.9 ohms; 
1000. ohms to 9999 ohms; 
10.00 K ohms to 99.99 K 
ohms; 100.00 K ohms to 
999.9 K ohms
0.01% ± 1 digit to 99.99 K 
ohms; 0.03% ± 1 digit to 
999.9 K ohms
200 milliseconds

MODEL 144
DC Volts/Ratio/DC Pre-Amplifier

MODEL 145
DC Volts/Ratio/Resistance/DC Pre-Amplifier

MODEL 155
DC Volts/Ratio AC Volts/Resistance 
Pre Amplifier With Electrical Output!

Faster conversion times, higher 
input impedance, greater accuracies, 

plus all of the other specifications 
you wanted in a digital multimeter I

DC VOLTAGE SPECIFICATIONS: Apply to all instru­
ments incorporating the pre-amplifier

Range: ± .00001 to .09999;
.0001 to .9999;
1.000 to 9.999;
10.00 to 99.99;
100.0 to 999.9v

Accuracy: 0.02% ± 1 digit for 10 
microvolt range of .00001 to 
.09999 v; 0.01% ±1 digit 
from .0001 to 999.9 v

Input Impedance: 1000 megohms up to 9.999 v;
11 megohms up to 999.9 v

"With properly chosen _ __
up to 100 times unity may be measured.

MODEL MO
DC Volts/DC Ratios

MODEL 842
DC Volts/DC Ratios/AC Volts

MODEL 843
DC Volts/DC Ratto/AC Volts/Resistance

MODEL 841
DC Volts/DC Ratios/Resistance

pick the instrument that exactly meets 
t needs and order by model number!
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MODEL 141
DC Volts/Ratio/AC Volts/DC Pre-Amplifier

MODEL 847
I Volts/Ratto/AC Volt«/Resistane«/Pre-Amplifier

MODEL «4» 
DC Volts/OC Ratios/Resistanc« 

With Electrical Outputs

MODEL 052 
DC Volts/Ratio/DC Pre-Amplifier 

With Electrical Outputs

MODEL IS]
DC Volts/Ratio Resistance/DC Pre-Amplifier 

With Electrical Output

MODEL IM 
DC VPlts/Ratio/AC Volts/DC Pre-Amplifier 

With Electrical Outputs

F variations of these basic models including AC ratiometers, milli- 
neters, microvoltmeters and specialized measuring instruments 
red to individual systems requirements are available in the same 
ical configurations.

DC VOLTAGE SPECIFICATIONS: Apply to all instru­
ments except those incorporating the pre-amplifier

Average Reading Time:
Max. Balance Timo:
Operating Ambient 

Temperature:
Automatic Features:

measuring DC ratios
Range:

Accuracy:
Input Impedance: 

Average Reading Time: 
Max. Balance Time: 
Reference Voltage: 

Reference Input 
Impedance: 

Operating Ambient 
Temperature:

AC VOLTAGE SPECIFICATIONS: Apply to all instru­
ments measuring AC voltages

RESISTANCE SPECIFICATIONS: Apply to all instru­
ments measuring resistances

ELECTRICAL OUTPUT SPECIFICATIONS: Apply to all 
instruments incorporating electrical outputs
• Both 2-4-2-1 Binary Coded Decimal and 10 Line 
Coded Decimal are provided

manently attached nylon insulating 
sleeve which extends beyond the 
metal support sleeve.

ETC Inc., Dept. ED, 990 E. 67th 
St., Cleveland 3, Ohio.
Price ir Availability: Available from 
stock. Can be delivered in 2 weeks. 
Prices are from $27.25 per thousand 
and up, depending on size and 
quantity.

Are copper clad

Called grade 320-R, with rolled 
copper foil, and grade 320-E, with 
electrolytically deposited copper 
foil, these materials are made with 
a paper-base phenolic laminate. 
Base stock is translucent and can be 
cold punched in thicknesses to 1/16 
in. The copper foil is available on 
one or both sides and is 99.5% pure. 
Rolled copper thickness options are 
0.0014, 0.0028, or 0.0042 in. Elec­
trolytically deposited foil thicknesses 
are 0.0014 or 0.0028 in.

Taylor Fibre Co., Dept. ED, Nor­
ristown, Pa.
Price ir Availability: Can be de­
livered 10 to 14 days after order re­
ceived.

Have up to 200 Ib capacity

These chassis slides come in 
eleven stock lengths from 10 to 30 
in., in 2-in. increments. The Mark 10 
series consists of units 1-3/4 in. in 
height, and a rated capacity of 100 
lb; the Mark 20 series slides are 
2-1/2-in. high, and have a 200-lb ca­
pacity. Models in both series may be 
flush mounted against the enclosure 
skin or air flow panel. There is no 
protruding hardware in operation. 
The available models include: shelf 
type, front rail type, standard, 1 po­
sition tilt up, or all position.

Markline Electronic Products Inc., 
Dept. ED, 7227 Whitsett Ave., N. 
Hollywood, Calif.
Price ir Availability: Can be de­
livered 5 days after receipt of order. 
Prices range from $11.50 per pair to 
$50 per pair, depending on size and 
model.

< CIRCLE 212 ON READER-SERVICE CARD
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Gertsch
Complex Ratio 
Bridge

-measures both in-phase and quadrature 
voltage ratios - with high accuracy

This instrument cancels quadrature effects, giving a sharp, true 
null.
In eliminating quadrature voltage, this Gertsch bridge achieves 
an in-phase ratio accuracy as good as 0.001%. Quadrature voltage 
ratios are read as rectangular coordinates, tangent of phase-shift 
angle, or magnitude of phase-shift angle in degrees directly.

Write for complete data in Bulletin CRB.

SELF-CONTAINED 
PHASE-SENSITIVE DETECTOR 
SIX-PLACE RESOLUTION 
TWO FREQUENCY RANGES

-30 TO 1000 CPS
-50 TO 3000 CPS

GERTSCH PRODUCTS, Inc.
3211 South LaCienega Boulevard, Los Angeles 16, California 

UPton 0-2761 - VErmont 9-2201
Visit oor exhibit at the I.R.E. Show, Booths 3701 and 3703

CIRCLE 213 ON READER-SERVICE CARD

C7 PRECISION 
AC POWER SOURCE

Model 1301

Output frequency controlled by tuning fork. Loading and 
line voltage changes have negligible effect on output 
frequency, less than 1 PPM over the ambient temperature 
range of 0° to 50 C.

Harmonic content is 0.1 % into a load unity power factor 
at rated output level. The noise and hum level Is better 
than 60 db down.

Three output voltages available. Each adjustable from 
zero to maximum.

WRITE FOR COMPLETE SPECIFICATIONS AND
PERFORMANCE DATA.

WHERE 
DEPENDABILITY 
IS OF PRIME 
CONCERN

An Ultra Stable 
and Precise 
Supply of 
AC Voltage

OUTPUT: 6 V. A 

[ STA8HITY ±0 2%

HARMONIC: 0.1% 

REGULATION: 0 2%

SIZE: 1301

Available As Cabinet 

or Rack Mtd.

SPECIAL MODELS TO 

MEET UNUSUAL NEEDS

COMMUNICATION MEASUREMENTS LABORATORY, INC.

350 LELAND AVENUE. PLAINFIELD, NEW JERSEY

Tel. PL 4-5502

NEW PRODUCTS RECHARGEABLE

You’ll use and reuse your YARDNEY 
SILCAD over 2,000 to 3,000 partial cy 
cles... 300 to 500 complete discharges 
Here is true year-in, year-out economy

Cable Tester 406
Test voltages are 500,1000, and 1500 v de

Able to test up to 96 conductors for both hi-pot 
and continuity, this portable multi-conductor cable 
tester has hi-pot test voltages of 500, 1000, and 
1500 v de and insulation resistance settings of 1, 
2, 3, 4, and 5 meg. Consisting of two separable 
halves, the instrument can be used for testing in- 
place cables when both ends of the cable are ac­
cessible. A 96-light indicator panel gives instan­
taneous indication of continuity. The instrument 
also indicates crossed wires. Operation is from a 
115-v 60-cps line.

Leemath, Inc., Dept. ED, Oak Drive, Syosset, 
N.Y.

Metalized Ceramic Components 380
Come in tube, rod, and custom shapes

YARDNEY 
SILCAD 

BATTERIES
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This line of metalized components includes both 
steatite and alumina ceramics in tubes, plate rods, 
and custom shapes. Conductive coatings of silver 
and platinum with electroplated coatings of cop­
per, nickel, silver, and tin are applied to the com­
ponents. Applications for the components include: 
metalized ceramic housings for hermetically sealed 
resistors, capacitors, transformers, diodes and rec­
tifiers; metalized solder seal terminals, micro­
module wafers, and printed circuits.

Duramic Products, Inc., Dept. ED, 426 Com­
mercial Ave., Palisades Park, N.J.
Price ¿7 Availability: Made on order only. De- 
ivered 30 days after order received.

This, among other factors, explains 
why the long-life, maintentance-free 
YARDNEY SILCAD is being used more 
and more in military and commercial 
fields —as a compact, lightweight anc 
rugged power source in portable TV anti 
radio and tape recorders ... in radio 
controlled models... in electric cars ano 
trucks ... in photographic equipmenl 
such as lighting, photoflash and camera 
drives . ..

YARDNET 
fl J ELECTRIC 

CORP.
"Pioneers in Compact Power" 9 

40-50 LEONARD STREET. NEW YORK 13. NEW YOW i 

Patents granted and pending.
(C 1900 by Yardney Electric Corp. 

Soo Yoe at tha IRE Sha*—Booth #2127 
CIRCLE 215 ON READER-SERVICE CARD ft
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Telephone (Cleveland); HAmilton 3-4440
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STOP the 
SPACE MCE! with

Jack Panel
Made of aluminum

412

AL
These miniaturized instruments provide 
sophisticated monitoring performance in 
small packages. Requiring only the panel 
space of a meter, they build reliability 
and versatility into systems and equip­
ment. Always connected and ready for 
action, they pinpoint trouble much faster 
than cumbersome test lead devices.

Basic models can be easily adapted to 
special requirements, so there's no need 
to waste valuable engineering time and 
energy in building your own electronic 
voltmeters.

Styles include commercial, militarized, 
single and multiple range. Prompt delivery.

Series 2800 light-weight jack panel is made of 
anodized aluminum. It mounts 24 jacks per row, 
and 48 jacks per strip, on 5/8-in. centers. A nar­
row designated strip for each row, with a stop for 
each insert, is included. Both commercial and mil­
itary types can be furnished.

Switchcraft, Inc., Dept. ED, 5555 N. Elston 
Ave., Chicago 30, Ill.

Delay Line
Input-output impedance is 1 K

413

Model 320 
_ tallest d 
PM EV —A ny 
sensitivity from 
.5 v a-c to 1 kv, 
f.s.d. Accuracy: 
± 2% f.s.d.

Model 332 
Smallest a-c 
PMEV-Meter: 
2*/2-inch round. 
Basic range: 100 
mv r.m.s. Other 
ranges to 300 v.

Model 311 
High impedance 
a-c — I m ped • 
ance: 5 meg- 
ohms. Frequency 
range: 20 cps to 
250 kc.

SPD-25 
Sub-miniature 
militarized a-c- 
Per MIL-T-945; 
¿Vi-inch meter. 
Total area: 41.25 
cubic inches.

Model RM-1080 magnetostrictive delay line 
permits range markers to be generated for cali­
bration purposes in the video section of radar. The 
first video pulse output is at 3.05 ^sec and is fol­
lowed by 6.1-psec echos. The first marker output 
level is 25 mv. Pulse decay is 1 db and the input­
output impedance is 1 K. The unit weighs 0.25 
oz, has a diameter of 0.25 in. and is 1.5 in. long.

Control Electronics Co., Inc., Dept. ED, 10 
Stepar Place, Huntington Sta., L.I., N.Y.

Hipot Tester 596

For Quick Transistor Testing 
Metronix Model 545-B 
presents directly on the 
meter the Beta para­
meter, the input imped­
ance and the collector 
cut-off current of ger­
manium and silicon 
transistors. For both 
production lines and 
laboratories. Test it 
vourself on special 10- 
day memo billing.

METRONIX, INC. 
a subsidiary of Assembly Products. Inc

Chesterland, Ohio

Provides from 0 to 10 kv, ac and de

This unit is made up of a 0 to 10 kv ac and 
de sensitive hipot tester, a testing sequence con­
trol panel, and a testing compartment. The elec­
tronic fault relay is adjustable in six steps from 
5 to 5000 pamp. Dual scale panel meters show 
voltage and leakage current on each component 
being tested. Both a straight ground return and 
a guarded high voltage return are available. In­
put is standard 115 v, 60 cps.

Peschel Electronics, Inc., Dept. ED, RFD 1, 
Patterson, N.Y.
Price ir Availability: Made on order only. De­
livery is 45 days after order received. Price is
$2000 per unit.Booths 3916-18, IRE Show
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critical
critical to many of the most complex military and 
industrial control systems are Diehl Servomotors 
and electromechanical components.

DIEHL AC Servomotors are made in output ratings ranging 
from 1 to 750 watts ... in 60 cycle frequencies for land and 
shipboard operation ... 400 cycle frequencies for airborne 
service. DC Servomotors produced by Diehl are available in 
ratings up to HP... and in combination with 
DC Tachometers.
Diehl produces an extensive line of high precision equipment: 
servomotors, resolvers, potentiometers, generators, servo 
amplifiers, in sum, the range of instrument servo components 
for automatic control. Major development work is in progress.
Whatever your critical need — development assistance 
or actual electromechanical hardware — you'll find 
that they’ll best be filled at Diehl.
For complete details on this important source of service 
and supply, write for the Diehl facilities brochure.

Visit vs at IRE Shew Booths 1819-23 siNcm*

DIEHL MANUFACTURING COMPANY
A SUBSIDIARY OF THS SINGER MANUFACTURING COMPANY 

Somerville, New Jersey
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NEW PRODUCTS

Comes in three types

1

insti

imeIMPROVE AUTOMATIC SOLDERING
a roir

rie

Lamp Holder
For neon and incandescent bulbs

Model PM I

Honeywell

CIRCLE 218 ON READER-SERVICE CARD
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Have you sent us your subscription 
renewal form?

advancement 
in instrument 

design

INDUCTION 
SOLDERING 
UNIT

hunt
:50 k
100 k

Model 142 recycling interval timer comes in 
three types: bench type, rack panel mounted, and 
drop-in chassis type. The unit operates within 
the ranges of 50 msec to 1 sec, or 1 to 90 sec. It 
has independently adjustable on and off time in­
tervals. The repeatability of the timing intervals 
is within 3%. Power requirements are 115 v, 60 
cps; three terminals are provided for use in con­
necting the recycling load to the spdt relay con­
tacts.

Fellow Engineering Co., Dept. ED, 1168 Mead­
owbrook Road, Altadena, Calif.
Price ir Availability: Delivery is from 2 to 4 
weeks from receipt of order. Prices range from 
$69.50 to $84.50, fob Altadena, Calif.

New customed preforms consist of an accurately 
predetermined amount of a specific alloy. The proper 
melting temperature and correct volume of solder are 
assured. Labor costs are lowered. Production in­
creases. Scrap is eliminated. Get the facts today! 
Write for 8 page Guide to Preform Soldering.
21-01 43rd Ave., Long Island City 1, N. Y.

CIRCLE 219 ON READER-SERVICE CARD

Model 856 lamp holder, for both neon and in­
candescent bulbs, mounts in a 7/16-in. hole. A 
two-terminal type holder, it can be used in missile 
test stands, aircraft, computers, as well as labora­
tory, production, and quality control equipment. 
A lens which permits optimum light dispersion is 
used. The mounting space is 0.58 in.

The Sloan Co., Dept. ED, 4029 Burbank Blvd., 
Burbank, Calif.
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FOR SMALL PARTS AND ASSEMBLIES

Simplifies, improves and speeds up component 
production. Provides local heat to otherwise 
inaccessible spots. Safe and simple. Max. 
power input 775 watts, 100 watts standby; 
115 volts, 60 cycles. 1534" x 21 7î" x 15". 
150 lbs. Bulletin on request. Manon Instru­
ment Division, Minneapolis-Honeywell Regula­
tor Co., Manchester, N.H., U.S.A, /n Canada, 
Honeywell Controls Limited, Toronto 17, 
Ontario.

Hamburg Tang, 
Chief Metallurgist

ALLOYS UNLIMITED

» ALLOYS 

UNLIMITED

“because every 
assembly job is 
different, only

preforms perform 
correctly.”



Chart Recorder
Has 5 full-scale voltage ranges

FREE GYRO

Voltmeter
For measurement down to 10 mv ac or de

Write for complete dataWrite for complete data.
to 250 kc. The de circuit is

Rotary SwitchSynchronous Motor Ferrites

LITTLE FALLS. NEW JERSEY

CIRCLE 222 ON READER-SERVICE CARD

Midwest Office: 23 W. Calendar Ave.. La Grange. III. 
South Central Office: 6211 Denton Drive. Dallas. Texas 

West Coas* Office: 253 N Vinedo Avenue, Pasadena, Calif,
Engineer* t Kearfott offers challenging opportunities in 

advanced component and system development.

A highly reliable, two- 
degree-of-freedom instru­
ment utilizing AC synchros 
at each gimbal axis. De­
signed to operate under the 
most severe missile condi­
tions, this gyro has AC 
torquers mounted at each 
gimbal axis to permit com­
mand positioning or slav­
ing of spin axis to desired 
reference position; each 
torquer capable of produc­
ing a precession rate of 
360°/minute with 12.5 
watts/phase power input.

KEARFOTT DIVISION

GENERAL PRECISION .nc

Kearfott’s rugged new ver­
tical gyro, designed for 
missile application, is a 
two-degree-of-freedom in­
strument with 360° of 
freedom about outer gim­
bal axis. Self-contained 
vertical erection system in­
corporates liquid bubble­
type vertical sensing de­
vice.

Motor
Excitation

115V, 400 cps, three phase
Power Starting: 35 watts

Running 7.5 watts 
Performance Characteristics 

Repeatability of Established 
Vertical:

To within a cone of half angle 
equal Io 12 minutes of arc

Scorsby Drift Rate in 5 Min. Time 
0 3°/min. (average)

Erection Rate:
Normal: Between 2 and 4u/min.
Fast: 80 /min. intermittent, 
40°/min continuous

Physical Features
Dimensions: 4" dia. x 5,3ft" long 
Weight: 5.5 lbs. (approx.)

TYPICAL
CHARACTERISTICS SA221S

Environmental Capabilities
Vibration:

5g, 20-1000 CpS; 10g, 1000-2000 cps
Temperature Range (operative):

—54°C to +71°C 
(non-operative):

—65°C to +85rC 
Altitude:' Unlimited

Azimuth Pickoff
Excitation:

26V, 400 cps, single phase
Output (sinusoidal):

11.8V ± 5% max 
Error from E.Z 10 min max.

Motor
Excitation

115V, 400 cps. three phase
Speed: 23,500 RPM
Power: Starting 35 watts

Running: 7 5 watts
Performance Characteristics

Drift: 4’/hr. max.
Leveling Rate

Between 2 and 4°/min.
Azimuth Torquing Rate: 

360°/min. (intermittent) 
40'/min. (continuous)

Physical Features
Dimensions. 4" dia. x 5?$*" long
Weight: 5.5 lbs. (approx.)

This compact new gyro pro­
vides accurate heading in­
formation even under the 
severe conditions of 
environment frequently en­
countered in high perform­
ance aircraft and missile 
installations. Inner axis 
leveling loop, consisting of 
a liquid bubble type verti­
cal sensor and A.C. tor­
quer, continuously main­
tains the spin axis in a 
horizontal plane.

' IRCLE 221 ON READER-SERVICE CARD
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TYPICAL 
CHARACTERISTICS #B211S

Environmental Capabilities
Vibration:

5 g, 20-1000 cps;
10 g, 1000-2000 cps

Temperature Range (operative):
—54°C to + 71°C 

(non-operative):
—65°C to +85°C 

Altitude: Unlimited
Pickoffs

Excitation:
26V, 400 cps, single phase 

Error from E.Z : 10 min. max 
Output Voltage (line to line):

11.8V ± 5% max

Model 80 chart recorder has 5 full-scale, cali­
brated voltage ranges of 10 and 100 mv, and 1, 
10, and 100 v, and 5 full-scale calibrated current 
ranges of 1, 10, and 100 |.ta, and 1 and 10 ma. 
Its attenuator allows continuously variable full­
scale deflections between calibrated ranges. The 
instrument can be operated as a zero left, zero 
center, or zero right recorder, and provides 4- 
times, full-chart width expansion on all ranges. It 
can be used grounded or floating up to 200 v 
from ground.

Yellow Springs Instrument Co., Inc., Dept. ED, 
mellow Springs, Ohio.

Price: Model 80 is priced at $295.

VERTICAL 
GYRO

DIRECTIONAL 
GYRO

Model SPD-35 voltmeter measures both ac and 
lc voltages down to 10 mw. It has 10 standard 
oltage ranges in ac and de, up to 300 v. For ac 
heasurement, it has an input impedance of 5 meg 
hunted by 25 ppf. Frequency range is 25 cps to 
150 kc. The ac accuracy is ±3% full scale up to

tabilized by two feedback loops, one of which 
nc tides a chopper. The de accuracy is ±37 on all 
anges. Made for built-in half relay-rack mount- 
ng in systems and consoles, it permits continuous 
monitoring of critical parameters. Arc length of 
k meter is 5-1 z8 in.

letronix, Inc., Dept. ED. Chesterland, Ohio. 
'rice Er Availability: Price is $430; delivery is in 
¡r > to four weeks.

TYPICAL
CHARACTERISTICS -Q2315

Environmental Capabilities
Temperature Range
(operative): - 54“C to +71C

(non-operative): —65 C to +85 C 
Altitude: Unlimited
Vibration: 10g, 10 2000cps

Pickoffs
Excitation:

26V, 400 cps, single phase
Output (sinusoidal):

11.8V ± 5% max.
Error from E.Z.: 10 min max.

Motor
Excitation:

115V, 400 cps, three phase
Speed: 23,500 RPM
Momentum:

2 25 x 10* gm cm’/sec.
Caging and Preset Provision

(Electrically energized torquer type) 
Excitation: 115V max./phase 
Torquer Constant:

22.8 dyne cm/Volt’
Performance Characteristics

Free Drift.
0.5’/minute each axis

Runup Time:
1 minute max.

Torquing Rate:
36O°/min. (intermittent)
40°/min (continuous)

Physical Features
Dimensions: 4" dia. x 5K»" long 
Weight: 5.5 lbs. (approx )

Write for complete data.
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Frequency Doubler Sets 635

TRANSFILTERS* AID SELECTIVITY
IN HEATHKIT* "MOHICAN

GENERATE PULSES

Attenuators 680

DELAY PULSES

671 WIDEN PULSES

REGISTER PULSEIDept. ED, 3644 N,B & F Instruments,

Heathkit® "Mohican

Vacuum Oven 668 COUNT PULSES

SUM PULSES

BINARY LOGIC

Booster Amplifiers 667Mohican” Printed Circuit Chassis

Transducer Element is

Universal Slotted Section 677

VISIT BOOTH 2622, IRE, MARCH 21-24, N.Y.C
Write for Series 300 Bulletin

Clevite Products Include

CIRCLE 223 ON READER-SERVICE CARD
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Designed for aircraft, missile and industrial appli­
cations, model 96-451CV has digital readout. The 
polarity and magnitude of the strain is presented 
digitally at the same time the analog value is plotted.

Have you sent us your subscription 
renewal form?

Clevite “Transfilters” have pared up 
to 50 cents in parts cost from transistor 
receivers. They are small, rugged units 
with real performance advantages over 
conventional LC components. Clevite’s 
factory or field sales engineers can fill 
you in on specifications and circuit 
application data. The TF-01A and TO- 
01A are standard items, and sell for 30 
and 35 cents in 10,000 lots. Samples are 
one dollar. You can buy a “Mohican” 
Kit from Heath Co. for $99.95 or from 
its distributors at a slightly higher price.

Pipaci 
Dterna 

ih vil

NEW PRODUCTS at the ire show

3405 Perkins Avenue • Cleveland 14. Ohio
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Heathkit’s new “Mohican” portable 
communications receiver uses Clevite 
“Transfilters” to improve i.f. selectivity. 
The radio covers 55OKC to 30 mc— 
quite a range for an all-transistor unit.

Two “Transfilter” interstage couplers 
(TO-01A) pass 455KC and couple the 
1st and 2nd and 2nd and 3rd i.f. stages. 
Two emitter bypass “Transfilters” 
(TF-01A) are used instead of conven­
tional capacitors. The TO-TF combi­
nations help give the “Mohican” 
excellent selectivity among remote sta­
tions broadcasting over the wide band 
covered.

East Orange, N.J. • Chicago, III. • Inglewood. Calif.

RIVE TRANSISTI 
CIRCUITS

Lawrence St, Philadelphia 40, Pa. 
Booth 3123.

These fixed coaxial units have ranges of 1 to 12 4 
kmc at 3, 6, and 10 db and 2 to 12.4 kmc at 20 db.

FXR, Inc., Dept. ED, 26-12 Borough Place, Wood­
side 77, N.Y
Booth 3713-3717.

This single-body unit accommodates, interchange­
ably, slotted transmission lines covering the H and 
Y-bands. It can be adapted for dial indicator read­
ings and uses a standard probe.

FXR. Inc., Dept. ED, 26-12 Borough Place. Wood­
side 77, N.Y.
Booth 3713-3717.

This vacuum baking-oven is a self-contained, pack­
age unit for outgassing and sealing semiconductor 
components. A high vacuum is provided. Heat, in a 
non-oxidizing environment, is provided for fusing 
and sealing.

F. J. Stokes Corp., Dept. ED, 5500 Tabor Rd., 
Philadelphia 20, Pa.
Booth 4126.

Models 938A and 940A cover 18 to 26.5 kmc and 
26.5 to 40 kmc, respectively. They can be driven by 
types 626A and 628A signal generators or electronic 
sweep oscillators.

Hewlett-Packard Co., Dept. ED, 275 Page Mill 
Road, Palo Alto, Calif.
Booth 3302-3304-3306, 3401-340343405.

In ultrasonics or sonar nothing helps 
like starting with the right transducer 
element Should it be crystal or ceramic? 
Do you require a high ac drive element 
{like “PZT-4”) or a highly sensitive 
pickup device (such as ADP)? Do you 
want a disc or tube? Will special elec­
trodes simplify your device?
Start asking yourself these questions

These compact, chassis-mounted boosters accept 
up to seven independent parallel inputs. The input 
resistor package is independent of the amplifier and 
connects to it by a mating plug. Overall feedback 
gain is more than 60 DB.

Reeves Instrument Corp., Dept. ED, Garden City, 
N.Y.
Booth 1305-1307.
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ELECTRONIC DESIGN • March 16z 19i

Magnetic Heads • Ceramic Filters • "Transfilters” 
Piezoelectric Tranducer Elements • Accelerometers

DO VOU 
DIODI TO.

New NAVCOR Series 300— 
completely transistorized 5" x 

card modules available iron 
stock to efficiently perform 
all major pulse generating 

and programming functions.

CLEVITE ELECTRONIC COMPONENTS 
division of

Critical in Ultrasonics
while your transducer design is on 
paper. Then ask Clevite to supply you 
some experimental transducer elements 
and engineering data. Our engineers 
may not have all the answers, but some 
that they have you can't get anywhere 
else. Send today for the bible of the 
ultrasonic industry—“Piezotronic Tech­
nical Data” and our new bulletin 
“Modern Ceramic Shapes”.

PHONE: HOward 5 7700
1A21 SNYDER AVE., PHILADELPHIA 45. PA
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need the ultimate in accuracy, the utmost in reliability, the
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6, 19

in performance, the minimum in maintenance — specify 
Shaft Position Encoders. They provide a direct, single-step

' x 6 
om

rm
’9

When you 
maximum 
DIGISYN®

lei also supplies a full line of aluminum 
Foil miniature and sub-miniature electrolytic 
apacitors. Write for bulletins 41858 and 81558. 
nternational Electronic Industries, Inc., Box 9036-E, 
Nashville, Tennessee.

8 ANSISI! 
ICUITS

end of case is double-sealed with compressed 
bushing and tough resin.

^NAVIGATION

CIRCLE 226 ON READER-SERVICE CARDCIRCLE 225 ON READER-SERVICE CARD

CTRONIC D

Booth 3826-3828.

Traveling Wave Tube
Bandwidth is 800 me

DIGISYN® ENCODERS
for precision in:

¿EACTOR 
/CONTROL

( CORP

I 45, PA

iei
tantalum

foil
electrolytic 
capacitors

HIGH 
RELIABILITY

Solid metal hermetic 
seal on negative end 
of polar units reduces 

chances of electrolyte leakage by 50%.

Only one external butt 
weld on polar units 
minimizes possibility of 

lead wire breakage. (No weld on the 
negative end.) Leads on capacitors 
of 3As" O.D. and larger withstand 
3 lb. stress in any direction for 
30 min. Welds withstand at least 
four “round trip" bends.

Internal Features. All electrical connections 
welded, for low resistance, low power factors. 
Capacitor section fits snugly into metal case, 
resulting in good vibration resistance Plugged

where reliability replaces probability

Radar and Optical Tracking

Navigation and Guidance Systems

Missile Launch Control
I F^E CONTROL 

Nuclear Reactor Control 1 •
OPTICAL 

TRACKING»

LAUNCH 
CONTROL

Model VA-128 traveling-wave, medium-power, 
pulse-amplifier tube has a bandwidth of 800 me. 
Peak power output is 5 kw as the driver stage for 
advanced coherent and frequency agile radar sys­
tems. It offers rigid control of driver tube char­
acteristics from 2.7 to 3.5 kmc.

Varian Assoc., Dept. ED, 611 Hansen Way, Palo 
Alto, Calif.
Availability: Delivery time is 90 to 120 days.
Booth 2714-2720.

Vhf Admittance Bridge 549

Model 978 vhf admittance bridge has an accu­
racy of 2% from 30 to 300 me. Capacitance is ±40 
ppf and conductance is 0 to 50 millimhos. A min­
iature thermistor element employed in a servo 
feedback system is used as a conductance stand­
ard. Two-terminal measurements can be made on 
rf components, semiconductors, transmission 
lines, and other devices. The test voltage is rarely 
more than 50 mv.

Marconi Instruments, Inc., Dept. ED, 111 Cedar 
Lane, Englewood, N.J.
Booth 3301-3303-3305.

Receiver 547
For fm, am and cw signals

Type 1906 receiver is designed for fm, am and 
cw signals. The if is 21.4 me with bandwidths of 
300 kc and 20 kc. The automatic gain control for 
am is 40 db for a 7-db change of output. The fm 
output stability varies less than 2 db above 1 pv. 
The following outputs are provided: spectrum 
display output, 600 ohms unbalanced for external 
use; and 600 ohms phone output. The unit weighs 
about 25 lb and measures 19 x 3.5 x 15 in.

Nems-Clark Co., Dept. ED, 919 Jesup Blair 
Drive, Silver Spring, Md.
Price: $2250.

Photoelectric 
/ ^h^ft 

/ Position 

Encoder 
! i DIGISYN® RD-17

The Ultra-Precise Encoder

• 17-digit accuracy in 10" diameter — 10- 
second resolution without gearing

• Self-contained amplifiers and control elec­
tronics

• Self-contained power supplies — 115 Volts, 
60 cps or 400 cps input power

• Solid or Hollow Shaft Input
• Serial or Parallel Digital Readout
• Modular construction — easy maintenance

method of digitizing the angular position of a shaft, meet military specifi­
cations, and function in environmental extremes.
For full information on the now, ultra-precise RD-17 or other DIGISYN^ encoders 
and accessories, write today, or call (Bostonl COpley 7-8425.

Standard 4 Custom Encoder*

(ADCON DIVISION)

WAYNE-GEORGE

Data Processing Equipment

588 COMMONWEALTH AVENUE
SEE US AT I.R.E. BOOTH # 3232

BOSTON 15, MASS



NEW PRODUCTS at the ire show

676Swept Oscillator

634Waveguide Components

679Direct-Reading Frequency Meters

DECISION MAKER
c674Control Meter
afor simplified monitoring,

controlling, high-precision switching

S(

678Power Meter

0 

¡I

at 
jo 
th

a
It

This unit operates from 8.2 to 12.4 kmc. It has 
automatic gain control. The sweep frequency is lin­
ear with respect to time

FXR, Inc., Dept. ED, 26-12 Borough Place, Wood­
side 77, N.Y.
Booth 3713-3717.

For measurements in the communications band 
WR75, these waveguide components are for prec ise 
work between 10 and 15 kmc.

Hewlett-Packard Co., Dept. ED, 275 Page Mill 
Road, Palo Alto, Calif.
Booth 3302-3304-3306, 3401-3403-3405.

Three terminals allow this instrument to operate 
as an absorption or transmission type meter. It has 
the same specifications as the firm’s series 410 
meters.

FXR, Inc., Dept. ED, 26-12 Borough Place, Wood­
side 77, N.Y.
Booth 3713-3717.

UGH

ASA 
TURTLE’S BACK

This switching device, having no physical con­
tacts, sends out continuous signals after the pointer 
reaches a set point or until the pointer returns to the 
set point.

International Instruents, Inc., Dept. ED, P.O. Box 
2954, New Haven, Conn.
Booth 2813.Normal/abnormal . . . high/low . . . go/no-go: these are 

important decisions being made by A.P.l. Very High Sensitivity 
Measuring Relays.

Direct from sensory elements or circuits, the A.P.L measuring 
relay makes a decisive “yes or no” decision on the basis of very 
close-tolerance voltage or current changes. In typical, critical 
applications, this measuring relay is saying “yes or no” on a change
of ± 1 microamp; or in a 400- to 500-volt circuit, on a variation 
of only a few percent.

Moreover, the relay is capable of actuating on very tiny cur­
rents: for example, total inputs as small as 0.2 microampere or 
0.1 DC millivolt. It docs so without signal amplification, amplifier 
costs or the signal distortion problems that often go along.

Performance stability is inherent; reliability is exceptional due 
to the A.P.L locking-coil design. On “make”, contact is firm with 
substantial contact pressure; contact resistance is low. On “break”, 
separation is clean and quick without contact teasing.

10,000,000 perfect operations is not an all-time record; it’s a 
reasonable expectation of service life.

Widely used for precision switching in computer, control and 
alarm circuits, VHS measuring relays are practically unlimited in 
scope of application.

This temperature-compensated unit is fully tran­
sistorized. It is more stable than uncompensated 
units, even at 10 pw.

FXR, Inc., Dept. ED, 26-12 Borough Place, Wood­
side 77, N.Y.
Booth 3713-3717.

Projection Video Monitor 673 a

For more information, send for Bulletin 104-D.

ASSEMBLY PRODUCTS, INC
Chesterland 17, Ohio

For military and commercial requirements, model 
PVM remotely-controlled, high resolution projection 
unit can project both closed circuit and on-the-air 
TV pictures to a size of 9 x 12 ft.

Blonder-Tongue Laboratories, Inc., Dept. ED, 9 
Alling St., Newark 2, N.J.
Booth 3225.

Coaxial Frequency Meter 675
This direct-reading instrument operates over the 

range of 4 to 11 kmc.
FXR, Inc., Dept. ED, 26-12 Borough Place, 

Woodside 77, N.Y.
Booth 3712-3717.

ARMAG-PROTECTED 
DYNACOR®

BOBBIN CORES
AT NO EXTRA COST!

Tough-as-tortoise-shell Armag ar­
mor is an exclusive Dynacor de­
velopment. It is a thin, non-me- 
tallic laminated jacket for bobbin 
cores that replaces the defects of 
nylon materials and polyester 
tape with very definite advantages 
—and, you pay no premium for 
Armag extra protection.

Tough Armag is suitable for 
use with normal encapsulation 
techniques on both ceramic and 
stainless steel bobbins. It with­
stands 180°C without deteriora­
tion—is completely compatible 
with poured potted compounds— 
has no abrasive effect on copper 
wire during winding—fabricates 
easily to close-tolerance dimen­
sions—inner layer is compressible 
to assure tight fit on bobbin—does 
not shrink, age or discolor.

Write for Engineering Bulletins 
DN 1500, DN 1000A, DN 1003 
for complete performance and 
specification data covering the 
wide range of Dynacor low cost 
Standard, Special and Custom 
Bobbin Cores—all available with 
Armag non-mctallic armor.

’trademark 

dynacor/ 
I A C O R, INC

A SUBSIDIARY OF SPRAGUE ELECTRIC (C 
1012 WESTMORE AVE., ROCKVILLE, MARYLAND | 
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DC Power Supply
Adjustable from 0 to 15 v

DESIGN IDEAS FOR ELECTRONIC ENGINEERS:

ar- 
dc- 
ne- 
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FOR A COMPUTER
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...that possesses the mathematical logic 
of giant computers, yet is easy to operate 
and program...requires no site preparation 
or technical personnel...performs engineer­
ing, scientific and business computations 
automatically and with electronic speed. 
Iterates, compares, branches and handles 
sequences of complex operations. If you use 
as few as 4 desk calculators for the same 
job, the new Clary DE-60 can save you 
thousands of dollars every year!

To find out more about this versatile com­
puter, simply mail in this coupon. No obliga­
tion, of course.

¡tins 
003 
and
the 

cost 
tom 
with

N C
TRIG « !
ARYLANC I 
:ard 
, 196Ì

Clary Corporation 
Computer Division
Dept. ED-1

। San Gabriel, Calif.
; Please send me com- 
' plete information on 

your new electronic 
computer, the DE-60.

Name

Company

Address

City

Position

Zone ¿tate

Franchises available to qualified principals.

CIRCLE 229 ON READER-SERVICE CARD

Model 850, transistorized power supply is ad­
justable from 0 to 15 v at any input current from 
0 to 1 amp. An octal plug is used for all input and 
output connectors, including remote programming 
and remote sensing. Regulation on the unit is 
better than 3 mv; ripple is less than 500 pv for 
any combination of line or load. The unit measures 
6-1/2 x 3-7/16 x 6 in.; 3-1/2 in. rack mounting 
panels are available.

Harrison Laboratories, Inc., Dept. ED, 45 In­
dustrial Road, Berkeley Heights, N.J.
Price: $197.

Plated Circuit Cards
Have standard grid pattern and hole spacing

These plated circuit cards, called the Carte 
Blanche series, use standard grid pattern and hole 
spacing. They have circuit contact extensions and 
a land pattern compatible with standard 0.1-in. 
grid design. They can also be supplied with ter­
minals. The universal card contains 22 fingers to 
fit standard plug-in, right-angle, or swage-type 
connectors with 0.156-in. spacing, and may be 
sheared or sawed to any size.

Litton Industries, U. S. Engineering Co. Div., 
Dept. ED, 13536 Saticoy St., Van Nuys, Calif. 
Price ir Availability: Prices vary with design and 
quantity. For small quantity orders, prices begin 
at $7.75 ea. Delivery is from stock.

Don’t forget to mail your renewal form 
to continue receiving 
ELECTRONIC DESIGN

How to design better 
analog computing circuits 
with Vernistat* a. c. potentiometers
Analog computers typically use such 
components as potentiometers, resolvers, 
and linear synchros to relate shaft posi­
tion to voltage. In most applications, to 
reduce the effect of loading error, high 
impedance circuits, and phase shift, a 
substantial amount of additional equip­
ment, such as isolation amplifiers and 
auxiliary power supplies, is required. 
Size, weight, heat dissipation, and pos 
sibility of failure are thus greater than 
if loading error, phase shift, and high 
output impedance problems did not exist.

Typical of a class of equations which 
are incorporated into much analog com­
puter circuitry is the relation
E..u, = [K + A(Oi)] B(e2l + C(03).

©, e, ©» t I I

K j; B c? L.

low phase shift. These characteristics 
directly relate to the design of improved 
computer circuits.

FOR EXAMPLE, in the computer circuit 
shown here, multiplication may be per­
formed without the aid of an isolation 
amplifier, because of the Vernistat’s high 
ratio of input to output impedance. Addi­
tion is accomplished by utilizing voltages 
of opposite phase in the two computing 
channels obtained by a tapped input 
transformer. By eliminating the ampli­
fiers of the preceding circuit, a reduction 
of size, weight, heat rise, and power re­
quirements is obtained. With fewer com­
ponents required, there is an over-all 
increase in reliability.

ONE WAY TO SOLVE this relation is 
shown in this diagram of a conventional 
resistance potentiometer computing cir­
cuit. Such circuits, however, suffer from 
excessive phase shift, particularly at 
high frequencies.

Due to high potentiometer output im­
pedances, the circuit requires an isola­
tion amplifier in the multiplying channel, 
while summing resistors and a feedback 
amplifier are required in the addition 
section. Both of these amplifiers, as addi­
tional components, add a factor of unre­
liability and use more power, increasing 
the problem of heat dissipation.

IN SOLVING DESIGN PROBLEMS like 
these, Vernistat a.c. Potentiometers offer 
such major advantages as: low output 
impedance (as low as 40 ohms) with 
high input impedance (as high as 200.- 
000 ohms) — high resolution (to 0.002%) 
—low phase shift (as low as 0.2 min­
utes)—and high terminal linearity (to 
0.01%). Vernistats meet the require­
ments of MIL E 005272-B, and operate 
at 125°C without derating.

A MORE EFFICIENT WAY TO SOLVE this 
equation is with Vernistat a.c. Potentio­
meters. The Vernistat is an ideal com­
ponent for analog computer systems. Its 
combination of a tapped autotransformer 
and an interpolating potentiometer 
uniquely provide characteristics unob­
tainable with other types of shaft posi­
tion-voltage devices. The Vernistat pro­
vides precise voltage division, high input 
impedance, low output impedance, and

WRITE TODAY for full description and 
specifications on Vernistat a.c. Potentio­
meters, Adjustable Function Generators, 
and Variable Ratio Transformers.

AT THE IRE SHOW, VISIT US IN BOOTH 2828

*Vemistat® — a design concept that unites in one compact device 
the best features of the V

precision autotransj ormer and the
multiturn potentiometer

vernistat
h—

765 Main Avenue, Norwalk, Conn.

Perkin-Elmer Gn/xnat^.
CIRCLE 230 ON READER-SERVICE CARD
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atlee 
clips 
increase 
their 
grip 
under

VIBRATION
and

SHOCK

TESTS PROVE IT . . . fests conducted independently by some of the nation's 
most critical users of component holders.*

the TESTS: • vibration at 500 cps with 90 g peak acceleration, and at
2,000 cps with 65 g peak acceleration, for one minute

• 1,750 impact shocks at 200 g, at right angles to and also 
along the axis of the holder

• 100 complete cycles of component insertion and withdrawal 
• all tests repeated after 15 minutes exposure to 500 F.

the RESULTS: • no visible shifting of the component in the holder
• no resonant frequencies developing under vibration
• dynamic holding power unchanged by heat
• dynamic holding power unchanged by use
• force needed to dislodge component increased during tests

the REASONS: • severe vibration and shock cause the material of the holder 
to flex slightly, producing a closer "set" of the holder sur­
faces to the actual contours of the held component

at lee component holders start out with a tighter-than-usual grip, 
because of proper contours, construction and materials. As environ­
mental »stresses increase, this holding power automatically increases to 
meet the greater demand . . . because the holders actually mold them­
selves to the components. Here is an equipment designer’s dream come 
true: the greater the stress, the greater the security.
DESIGN FOR RELIABILITY WITH atlee — a complete line of 
superior heat-dissipating holders and shields of all types, plus the expe­
rience and skill to help you solve unusual problems of holding and 
cooling electronic components. •Names on request

kJ atlee corporation
(Formerly Atlas E-E Corporation)

47 PROSPECT STREET, WOBURN, MASSACHUSETTS

CIRCLE 231 ON READER-SERVICE CARD
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NEW PRODUCTS

Battery 462
Has a 7 amp-hr capacity

Designed for missile APU systems, model P58A 
silver-zinc primary battery has a capacity of 7 
amp-hr, and produces 14 amp at 28 v. Maximum 
current for the 20-cell unit is 50 amp. Discharge 
time is 30 min at 14 amp. Operating temperature 
range is from 50 to 150 F; special models have 
wider ranges. The battery withstands 50 g shock, 
20 g acceleration, and 10 g vibration, along all 
three axes.

Cook Batteries, Dept. ED, 3850 Olive St., Den­
ver 7, Colo.

Circuit Tester 403
Semi-automatic

Type A64 semi-automatic continuity, hi-pot, and 
resistance tester checks 64 or 128 contacts at a 
time. Using the same displays, it can be modified 
to incorporate any multiple of 16. The use of re­
lays is avoided in the device. It can be used by un­
trained personnel. Dimensions of the standard 
model are 13-7/8 x 7-3/8 x 9-1/4 in.

Intercontinental Dynamics Corp., Dept. ED, 
170 Coolidge Ave., Englewood, N.J.

High-Vacuum
Electronic Pumps

Handles 40 liters per sec

Series 240 general purpose electronic pump 
handles 40 liters per sec and produces a vacuum 
below 1 x 10-9 mm Hg when combined with a 
power supply. Operating on a cold-cathode dis­
charge within a magnetic field, the pump has no

CAN 
YOU

measure 
JUNCTION 
THERMAL 

IMPEDANCE 
reproducibly

TEST 
CONTROLLED 

RECTIFIERS 
dynamically

generate 
ONE 5000 AMP. 

sinusoidal 
pulse

1 EVALUATE 
A 500 AMP. 

RECTIFIER 
AT 1500 VOLTS

IVe Can.1
BRING YOUR

W DIODES AND
. . . _. . . . heat S|NKS TQ

BOOTH #3006

WALLSON
ASSOCIATES, INC. 

912-914 Westfield Ave., Elizabeth, N. J. 
CIRCLE 232 ON READER-SERVICE CARD
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HIGH 
PERFORMANCE 

2-lnch 
Cooling Fan

AiResearch Minifan* is an ex­
tremely high performance 400-cycle 
AC motor-driven fan used for cooling 
airborne or ground electronic and 
electrical equipment. Model shown 
has a flow capacity of 53.5 cfm at a 
pressure rise of 3.44 H2O, and 
requires only 69 watts.

Minifan operates up to 125°C. 
ambient. Its size and weight make it 
ideal for spot cooling, cold plates or 
as a cooling package component. 
The fan can also be repaired, greatly 
increasing its service life.

Range of Specifications
• Volume flow: 21.5 to 53.5 cfm
• Pressure rise: .6 to 3.44 H2O
• Speed: 10,500 to 22,500 rpm
• Single, two or three phase 

power
• Power: 16 to 69 watts
• Standard or high slip motors
• Weight: .36 to .48 lb.

A world leader in the design and 
manufacture of heat exchangers, fans 
and controls, AiResearch can assume 
complete cooling system responsibil­
ity. Your inquiries are invited.

‘Minifan I* an AiResearch trademark.

CORRORATION

AiResearch Manufacturing Division
Los Angeles 45, California

CIRCLE 233 ON READER-SERVICE CARD 
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moving parts and the modular internal structure 
is easily removed for maintenance. It weighs 54 
lb and has over-all dimensions of 15.25 in. in 
diam and 7.375 in. in height.

Ultek Corp., Dept. ED, 920 Commercial St., 
Palo Alto, Calif.
Price & Availability: Price is $1175 fob Palo 
Alto. Units are made on order only at the present 
time and can be delivered in 30 days. They will 
be available from stock in September, 1960.

Commutators 399
Have 30 channels

These dual-pole 30-channel commutators, in the 
GDI series have sampling rates of 1 frame per sec 
and 10 frames per sec. Units with other sampling 
rates can be furnished. Each pole is designed to 
operate into a standard sub-carrier oscillator hav­
ing an input impedance of 500,000 ohms. The in­
put signal range is 0 to -f-4 v. The units are com­
pletely solid state, operate over a wide environ­
mental range of temperature and pressure, and 
are consistent with the requirements of missile ap­
plications.

General Devices, Inc., Dept. ED, Box 253, 
Princeton, N.J.

Thermistor 574
Is sealed in a glass rod

Suited for printed-circuit applications, the 
model 21A7 thermistor is sealed in a glass rod. It 
has a temperature coefficient of —3.1% C; cold 
resistance at 25 C is 100 ohms and drops to about 
25 ohms at 50 C. The time constant is 25 sec 
when suspended by its lead in still air at 25 C. 
This unit is adaptable to temperature measure­
ment, control and compensation.

Victory Engineering Corp., Dept. ED, 519 
Springfield Road, Union, N.J.
Price ¿r Availability: Available from stock and 
can be delivered 21 days after order is received. 
Price is $5.20 per unit.

BREAKTHROUGH IN 
THE SCIENCE OF 

PRESSURE CONTROL

digital-servo 

reliability 

crystal-determined

accuracy

WIANCKO’S Q3700 SERIES
DIGITAL PRESSURE GENERATOR

This system, employing unique digital-servo concepts, provides instant selection of a 
pneumatic pressure accurate to ±0.05 PERCENT.
Pressure in a reservoir is measured and converted to a precision frequency. This fre­
quency is compared with a selected reference frequency. If the frequency from the 
pressure sensor is high with respect to the reference frequency, the comparator pro­
duces a difference frequency in the form of pulses. These pulses then drive momentary 
exhaust valves until the pressure drops to the pre-selected value. When the frequency 
is low, error signals are produced which operate momentary pressurizing valves. The 
Q37OO is the best answer yet to pressure control and calibration problems.

I
* Programming precision pressure/time functions

• Automatic end-to-end calibration of data and telemetering systems 

e Rapid calibration of pressure devices

• Ground checkout of instrument and control systems

Regulated 
Pressure

Pressure Sensor 
ond

Oscillator —-

Frequency

Pressure 
Reservoir

Frequency 
Comparator

Supply Pressure

Exhaust

Frequency

Crystal-Controlled 
Reference Oscillator

For complete information please request Product Bulletin 111

Precision with lasting reliability

255 North Halstead Avenue • Pasadana, California
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589Gold Preforms

See Our Exhibit 
Booth 4047 
I.R.E. Show

UNIFORM TUBES
INC. COLLEGEVILLE 2, PA.

HUxley 9 7276 TWX CGVL 1044

an
electronic

engineer
becomes an

editor

George Rostky tells "Why I Became an

Editor of ELECTRONIC DESIGN
George Rostky, BEE, member of IRE and AIEE, spent 5 years as an electronic 
engineer before joining Hayden Publishing Company, Inc. Now Associate Editor 
of Electronic Design, Mr. Rostky tells why he switched from engineer, to engi­
neer-editor.

NEW PRODUCTS

Double-Turret Terminal
Made of Teflon

410
UNIFORM
TUBING

Type 2610 Teflon double-turret terminal is de­
signed to press fit into a 0.136-in. hole in panels 
from 1/32 to 1/8 in. thick. Two over-all lengths 
are offered: one, having the greatest spacing be­
tween the top and middle turrets, is 0.325 in. 
long; the other, with turrets spaced equidis­
tantly, is 0.365 in. long. The finish is 0.003-in. silver 
plate plus water dip lacquer or 0.003-in. tin-lead 
solder plate. Units are especially suited for use in 
conditions of extreme humidity and low capacity 
to ground.

Cambridge Thermionic Corp., Dept. ED, 445 
Concord Ave., Cambridge 38, Mass.

Computer Power Supply
Has five outputs

404

"an an editor you have the opportunity to gain a first hand, comprehensive 
view of the entire industry; avoiding narrow, specialized activities.

"an an editor you can achieve the satisfaction that comes with creating clear, 
precise, understandable material ... of witnessing the news at it breaks . . . 
of meeting the challenge of each new article.

"an an editor you can avoid “sitting on a job for a month’, or depth probing, 
in favor of fast-moving, timely projects.

"an an editor you can enjoy meeting and getting along with people, spread 
your interest over many engineering problems, talk the language of engineers, at­
tend conferences, and visit many electronic plants."

ELECTRONIC DESIGN OFFERS YOU A CAREER IN EDITORIAL WORK

For further details and description of editorial positions open, write to Edward E. 
Grazda, Editor, ELECTRONIC DESIGN, 830 Third Ave., New York 22, N. Y. Or begin 
at once, by sending us the Resume Form in the Career Opportunities Section of this 
issue and circling the Reader Service Number listed below. Each application will re­
ceive careful attention.

CIRCLE 929 ON CAREER INQUIRY FORM, P. 317
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ALUMINUM
1100, 3003, High 

Purity, 2024, 5052, 
6061, 6951 and the 
New High Strength 

Alloy UT-58.

COPPER
OFHC Copper, 

Phosphor Copper, 
70-30 Brass, Yellow 

Brass, Red Brass, 
18% Nickel Silver, 

’A” Phosphor Bronze, 
#25 Beryllium 

Copper, 30% Cupro 
Nickel.

NICKEL
A” Nickel, Monel 

and Inconel.

STAINLESS STEEL
304, 310, 316, 321, 

347, 410.

GLASS-TO-METAL 
SEALING

#52 Nickel-Iron 
and "Rodar”.

PRECIOUS METALS
Gold and Silver 

Alloys.
This computer power supply has five outputs: 

±15 v at 10 amp, ±6 v at 5 amp, and 48 v at 1 
amp. Line and load regulation is 0.2% and ripple 
is less than 3 mv. All outputs are cut off when the 
current at any output exceeds a predetermined 
value. A transistorized unit, the supply measures 
7.25 x 17 x 13 in.

Invar Electronics Corp., Dept. ED, 323 W. 
Washington Blvd., Pasadena, Calif.

For the manufacture of semiconductors

These miniature gold preforms are for use in 
the manufacture of semiconductor devices such 
as diodes and transistors. They can be used as a 
high temperature solder for attaching the wafer 
to the base tab or for making electrical contact 
between leads and studs. The gold approaches

SIZES: O.D. from 
.005" to .625". Wall 
Thicknesses down to 
.001 ”. Tolerances com­
mercial or precision 
down to ± .00025", on 
smaller sizes.

CIRCLE 236 ON READER-SERVICE CARD
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McLEAN RING FANS & BLOWERS
Sturdy units for a variety of uses.

210 Bartholomew Ave., Hartford 1, Conn
CIRCLE 238 ON READER-SERVICE CARD

BImIEABI engineering IVICLEAn LABORATORIES
World Leader in Packaged Cooling

Princeton, N. J. • WAInut 4-4440
TWX Princeton, New Jersey 636

See us at the I.R.E. Show—booth 1624 
CIRCLE 237 ON READER-SERVICE CARD 
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WRITE TODAY*:
44 Page Packagedî 
Cooling Catalog /

MAO«

I THOUGHT

I'D DIE!

The life of any electronic component 
is a hard one, and added to the 
work, the heat was just too much! 
I was down for the count when a 
McLean blower saved my life. Now 
my work is a breeze!

mgean

Extend the life of sensitive tubes, 
transistors and other components 
with McLean packaged cooling 
units. Prevent system failure . . . 
maintain calibration and accuracy. 
Find out how in McLean’s 1960 
catalog ... 44 pages of helpful in­
formation on cooling electronic 
equipment. McLean’s rack-mounted 
fans and blowers are smart, com­
pact, easy-to-install and have a 
multitude of mounting possibilities. 
Over 100 models in various panel 
heights and CFM’s. Mil. Spec.equip-

RD

960

99.999% purity. Shapes such as discs, cups, small 
washers with large holes, spheres, and small cubes 
are offered. Except for the spheres, all are stamped 
from foil. The gold is alloyed with antimony, 
germanium, silicon, gallium, and other elements.

Alpha Metals, Inc., Dept. ED, 56 Water St., 
Jersey City 4, N.J.
Price & Availability: The products are made to 
customer specifications and can be delivered in 
about 14 days. Price is furnished on request.

Modules for Digital Systems
Size is 3-1/16 x 3-3/8 in.

408

For the assembly of digital systems, these tran­
sistorized modules measure 3-1/6 x 3-3/8 in. and 
weigh about 1.5 oz each. Flip-flops, shift registers, 
multivibrators, one-shots, de logic, and other types 
are available. Uses are in digital systems, automa­
tion, timing and control, data processing, test
equipment, instrumentation, and digital servos.

Control Equipment Corp., Dept. ED, 19 
Ke arney Rd., Needham Heights 94, Mass.

cooling alsoment for packaged 
available.

Power Dividers
For airborne applications

Made for airborne applications, these power 
dividers feature an impedance of 50 ohms and a 
vswr of less than 1.3:1. For two-way or three-way 
power division, the following bands are available: 
L, C, S, and X. Different connector and flange 
types can be supplied. The units weigh from 2.5 
to 4 oz.

Transco Products, Inc., Dept. ED, 12210 Ne­
braska Axe., W. Los Angeles 25, Calif.

No si

Heart of the Control System

DIAMOND H” Relays
Look into the heart of the control system for a missile, a 
computer, a nuclear submarine, or a great many other critical 
applications. You might be surprised how often you’ll find 
“Diamond H” relays.

Unless, of course, you’re one of the increasing number of 
engineers who’ve already selected “Diamond H” relays for a 
spot where they just have to work despite all sorts of adverse 
conditions.

Hart makes relays of three basic types: miniature, hermeti­
cally sealed, aircraft-missile relays (Series R/S); high speed, 
sensitive, polarized relays (Series P), and general purpose AC, 
DC relays (Series W).

Technical literature outlining the wide range of characteris­
tics available with each type relay is yours for the asking. You’ll 
find “Diamond H” engineers uncommonly adept at working out 
a variation of the basic designs to meet your set of specific 
requirements.

Tell us your needs ... by phone, wire or letter.

TT A TJFTI MANUFACTURING 
THE fljCXXV X COMPANY



NEW PRODUCTS

Coaxial Attenuators
Operate from de to 4000 me

BABCOCK RELAYS

228

BABCOCK 
BR-1S RELAY

FIRST 
AGAIN!

BABCOCK 
BR-8 RELAY

BABCOCK 
BR-7 RELAY

• Paci
• Cet 
• S(

mm 
man
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In addition to experience and established leadership, 
Bird has the physical facilities to produce and 
dependably deliver coaxial line instruments and accessories 
meeting your highly exacting requirements.

Since 1942 the Bird Electronic Corporation has 
met the challenge of a constantly growing electronic 
industry. Today, enlarged engineering facilities 
demonstrate our intention to maintain leadership in 
our field. A wide range of coaxial line instruments 
and accessories are being designed to meet a 
variety of specifications; and new applications 
are continuously being sought.

Miniature,hermetically “ * 
sealed BR-1SZ requires 
only 5 mw power, features very 

critical pull-in to drop out ratios, 
100,000 op. min and 

. — 65°C to 125’C ranges,
k Meets Mil R 5757C, 

6106C, 25018. A
Rullevn RR 591

New Babcock ' I 
70 amp Magnetic Latching Relay

New subminiature Model RR 9, 
meets Mil R 5757C, 25018, with J 

k vibration to 30g @10 — 2000 cps, A 
A50g shock @11 millisec over

— 65 C to 125 C range

Subminiature 10 amp, 
DPDT relay with 0.2" grid spaced 

header accepts 30g vibration 
@10 — 2000 cps, 50g shock @11 
millisec over range of— 65°C to 

125’C. 100.000 op. min. @+125°C. 
k Meets Mil R 5757C, 25018. 
^k Bulletin BR-592. 4

Subminiature q 9 ff O’* 
A. C. or D. C crystal
can relay, 250,000 op min. @+25 C.

Vibration, 30g, 40, — 2000 cps. at 
-65"C to +125°C. Available with 
adjustments for repeatability 

l over millions of operations, j
Meets Mil R 57570,25018-^4 

Bulletin BR-591. ^^^|

Molybdenum Sheet Metal 594
For use in semiconductor products

This molybdenum sheet metal, available in 
both nickel-clad and copper-clad types, is par­
ticularly suitable for use in semiconductor prod­
ucts, such as silicon power rectifiers. For these 
rectifiers, discs punched from the sheet provide 
high electrical conductivity and a temperature co­
efficient of expansion approaching that of silicon.

Switching Transistor 631
Average turn-on time is 4 mpsec

Type 2N1468 silicon npn transistor has an av­
erage turn-on time of 4 mpsec while switching 
40 w peak power with an average power dissi­
pation of 250 mw. For operation to 125 C, it has 
applications in computers, sampling oscilloscopes, 
klystron pulsing, and other advanced equipment. 
Parameters include emitter cut-off current vary­
ing from 0.01 ma avg to 1 ma max. Avalanche and 
collector-to-emitter voltage vary from 40 v min 
to 70 v avg. The unit employs a JEDEC TO-5 
case and a JEDEC E3-44 base.

Raytheon Co., Semiconductor Div., Dept. ED, 
215 First Ave., Needham Heights, Mass.
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The AD series of coaxial microwave attenua­
tors operates from de to 4000 me and has an input 
power rating of 15 w. The units consist of two or 
more tee section pads cascaded to distribute the 
power dissipation. Cooling fins are provided to 
minimize temperature rise. Maximum vswr is 
1.20. All attenuators are constructed to meet the 
environmental requirements of MIL-E-5272B.

Microlab, Dept. ED, 570 W. Mount Pleasant 
Ave., Livingston, N.J.
Price ir Availability: Available for immediate 
delivery from stock. Prices range from $45 to $65 
depending on the attenuation and connectors.

See us at th« IRE Show, Booths 3215 and 3217

linn ELECTRONIC corp.
I I U II CHurchill 8-1200 (Cleveland)
1I II 30303 Aurora Road. Solon, OhioI Western Representative■ ■ n VAN GROOS COMPANY. Woodland Hills, Calif.
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a need filled

Coaxial 
RF Filters

Thruline" 
Directional 
RF Wattmeter

BABCOCK RELAYS, INC.
1640 Monrovia Ave., Costa Mesa, Calif

Coaxial 
RF Switches

Termaline” 
50 ohm 
coaxial line 
Load Resistor

'Termaline” 
RF Absorption 
Wattmeter
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your problem?

The product also has many uses in electronic 
tube applications. It is available in thicknesses of 
0.01 to 0.08 in. and in widths to 4 in. Standard 
thickness of the cladding is 0.0005 to 0.001 in. It 
is suitable for both military and industrial appli­
cations.

General Electric Co., Lamp Metals and Com­
ponents Dept., Dept. ED, Cleveland 12, Ohio. 
Price ir Availability: The product is currently 
available on order only. Price is quoted on request.

Instrument Knobs 592
More than 50 variations available

These aluminum instrument knobs are preci­
sion engraved to customer requirements. Six basic 
sizes with over 50 variations are offered. They 
have shaft sizes from 1/8 to 1/4 in. and are sup­
plied with two Allen type setscrews. Mil specs 
are met.

Vemaline Products Co., Dept. ED, P.O. Box 
222, Hawthorne, N.J.
Price ir Availability: Price is $0.65 per unit. $0.60 
when ordered in quantities of 51 to 250, and 
$0.35 for 251 to 500. Delivery time is 10 days.

Uniform magnetic fields 
Produced in Celco 
Precision 
Deflection 
Yokes 
Minimize 
SPOT
DISTORTION

Power Supply 466
Gives 300 to 500 v de output

Exclusive Celco core materials make it 
possible to achieve faster recover/ times, 
minimum hysteresis, high linearities and 
maximum sensitivities.
Contact Celco Engineering Department for 
a fast solution to all your yoke problems
Celco produces a complete line of stand­
ard or special commercial and military 
precision deflection yokes.

Cdcc
.¿atwztazced

• AiResearch Central Air Data Computer for North American’s A3 J, Navy’s first 
weapon system, provides information dealing with bombing, navigation, engine inlet 
control, radar, automatic flight control and cockpit instrumentation.

Expansion in electronics and electromechanical activity is creating excel­
lent openings at all levels for qualified engineers. Diversified programs 
include Central Air Data systems on the North American A3J, McDonnell 
F-4H and the Lockheed F-104 as well as other commercial and military 
aircraft and missile projects.

Openings in the following areas:

Designed for chassis or sub-chassis use, model 
RS-505 power supply provides an output of 300 
to 500 v de at 0 to 50 ma continuous duty. Input 
is 105 to 125 v ac, 55 to 400 cps; line and load 
regulation are 0.02%. Ripple and noise is less than 
7 mv peak-to-peak, and recovery’ time is less than 
25 psec. The unit measures 5 x 4-1/8 x 6-1/2 in.

Trans Electronics, Inc., Dept. ED, 7349 Canoga 
Ave., Canoga Park, Calif.
Price & Availability: Chassis units purchased 
from stock at $94; $118 for unit rack mounted 
without meters; $151.25 per unit rack mounted 
with meters.

Main Ptant: MANWAH. N. J. DAvis 7-1123
• Pacific Division - Cucamonga, Calif. • YUkon 2-2688
• Central Division, Lanesboro, Pa. Ulysses 3-3500
• Southern Division, Miami, Fla; - Wilson 5-2164

FLIGHT SYSTEMS RESEARCH General prob­
lems in motivation and navigation in 
air and space; required background 
in astronomy, physics, engineering.
DATA SYSTEMS RESEARCH Experience with 
physical measuring devices using 
electromagnetic, atomic, thermionic 
and mechanical approaches.
CONTROLS ANALYSIS Work in preliminary 
design stage involves servomecha­
nisms analysis and analog computer 
techniques.
FLIGHT DATA COMPONENTS Analysis pro- 
posal. design and development work 
in the following specialties: circuit 
analysis, servo theory, transducers, 
transistors, airborne instrument and 
analog development of high and low 
temperature problems.

• ELECTROMAGNETIC DEVELOPMENT Work with 
magnetic amplifiers requires knowl­
edge of electromagnetic theory, mate­
rials and design methods.

• INSTRUMENT DESIGN Electromechanical 
design of force-balance instruments, 
pressure measuring devices, precision 
gear trains and servo-driven position­
ing devices. Experience in electrical 
and electromagnetic transducers 
desirable.

• AIRBORNE INSTRUMENTATION ANALYSIS 
AND DESIGN Work involves solving 
problems in accuracy, response and 
environmental effects.

Send resume to:
Mr. R. K. Richardson

GARRE

Have you sent us your subscription 
renewal form?

CORPORATION

AiResearch Manufacturing Division

OSSI SO. SEPULVEDA BLVD., LOS ANGELES At. CALIFORNIA

CIRCLE 241 ON READER-SERVICE CARD
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NEW PRODUCTS

fastest
oscit/oseope

(900 MC BANDPASS) *

fastest rise time of all 
sampling oscilloscopes 
fastest sweep speeds 
fastest rep rates 

and
highest sensitivity

easiest tu use 
most versatile

— 0.4 m/xs rise time
— 0.05 m/xs/cm
— to 300 me w. model 603 trigger unit

— up to 2.5 mv/cm (30:1 SNR at full 
scale deflection) **-

— no critical adjustments
— complete line of options and accessories

— There are more Lumatron Mil-
O_ IX limicrosecond Sampling Oscillo* 

R K scopes in use than any other type 
~ J ... at Rayjheon, NRL, Bureau 

• ■z of Standards, Texas Instruments, 
Transitron, Hughes, General Tran­
sistor and many others.

LUMATRON — FIRST IN MILLIMICROSECOND INSTRUMENTS 
See the complete line of instruments for all fast rise time applications 
AT IRE — BOOTH 3059 or write for complete information and new 
Millimicrosecond Engineering Data Chart ED-3.

I 

Lumatron
I.umatron Electronics, Inc., 116 County Courthouse Rd., New Hyde Park, L. ï., N. Y.

CIRCLE 243 ON READER-SERVICE CARD
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Delay Line for Computers 415
Rise time is 7% of time delay

you can try 
the famous

Developed to meet the needs of computer ap­
plications, ty pe 7C delay line features a rise time 
of 7% of time delay. The frequency response is 
over a 10-mc bandwidth with attenuation less 
than 1.2 db per psec delay at low frequencies. 
Temperature range is —35 to -|-125 C and tem­
perature coefficient is 0.005% per deg C. The 
vswr is 500 v peak. For units having a delay of 
1 psec or less, the size is 0.5 x 0.5 x 3.75 in. There 
are more than 36 types available with time delays 
of 0.1 to 1.5 psec and impedance from 150 to 1000 
ohms.

AD-YU Electronics Laboratory, Inc., Dept. ED, 
249-259 Terhune Ave., Passaic, N.J.

Precision Dials

960
Transistor and 
Crystal Diode Tester

Used for turns counting

Model RBC, which has two set screws, and 
model RBD, designed for applications where 
black-matte finish and white-filled numerals are 
preferred, have been added to the RR series of 
tums-counting dials. Mechanically, both models 
are identical. Working parts consist of two co­
axial dials; the inner is calibrated in hundredths 
of a turn, the outer in full turns. The number of 
completed turns is visible in a window directly 
opposite the index. Capacity of the dials is 15 
full turns.

Beckman Instruments, Inc., Helipot Div., Dept. 
ED, 2500 Fullerton Road, Fullerton, Calif.

Drift Field Transistors

in your 
own plant- 
without 
obligation- 
and convince yourself 
that you won’t find 
a unit comparable to 
this/werisww 
instrument for your 
electronic maintenance 
requirements

For am battery receivers

These drift field transistors are for front-end 
applications in am battery receivers. Type 2N1425 
if amplifier type provides a useful power gain of 
30.4 db in a common-emitter circuit without a 
neutralizing network. In circuits where maximum 
power gain is needed with neutralization, it pro­
vides 34 db. Type 2N1426 converter type pro­
vides a useful conversion power gain of 37.6 db in 
a common-emitter circuit with a de collector-to- 
emitter voltage of —11 v and an emitter current 
of 0.65 ma.

Radio Corp, of America, Semiconductor & Ma­
terials Div., Dept. ED, Somerville, N.J.

The Model 960 is a comprehensive test 
set designed for practical, reliable 
checking of transistors and crystal 
diodes. Specialized circuitry and oper 
ating parameters have been engineered 
in cooperation with leading semi-con 
ductor manufacturers. Self-contained! 
AC power supply completely eliminates! 
the necessity for batteries. ONLY $99.951 

‘One of 25 PRECISION instruments! 
listed in the new 1960 Catalog of ml 
dustrial Electronic Test Equipment and! 
Panel Meters. Write today, for you! 
copy, to Department ED-3.

PRECISION APPARATUS COMPANY, Dept. ED-3. I 

70-31 84th Street, Glendale 27, L. I., N. Y.
Fl We would like to evaluate the Model 960 in I 

our own plant-with no obligation, of course. I 
□ Send us the New Catalog of Industrial Elec- I 

tronic Test Equipment and Panel Meters.

Name of Company

Street Address_______

City___________________

Signed________________

lone_____State.

.Title.

Our Local Electronic Parts Distributor is.

(please print)

CIRCLE 244 ON READER-SERVICE CARD
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4X1 SOD

4X25OB
4CX25OB 

7034 
7035 

4X25OF

LOW-LOSS 
KEL-F SOCKETS 

... for high-power 
transmitting tubes!

for tubes such as:

Designed for use with high-power 
transmitting tubes, these sockets are 
molded of low dielectric, loss-factor 
Kel-F plastic. Sockets are available 
in several designs—with or without 
screen grid by-pass capacitors. 
Control grid contact “guide” is 
machined for greater alignment ac­
curacy—all contacts are low-resist­
ance, silver-plated beryllium copper. 
Tube pin contacts are heat treated 
to provide positive contact pressure 
as well as extended life—annealed 
soldering tabs may be easily bent 
or formed. High quality, heat re­
sistant, steatite chimney also avail­
able to direct air flow through tube 
cooling fins.
For details and complete specifica­
tions write for free catalog listed 
below:

Write today for your copy of our 
newest component* catalog, com* 
plete specification* and price* I 

• Capacitor* a Knobs ond Dials 
o Socket* o inductor* o Pilot

Light* o Connector* o ln«ulator*

E. F. JOHNSON CO
1920 Second Avenue S.W. • Waseca, Minn.

High-Gain Twin Triode 593
Has frame-grid construction

Type ECC88/6DJ8 high-gain twin triode with 
true frame-grid construction offers high reliability 
in such applications as industrial controls, instru­
mentation, and communications. Characteristics, 
for each section, are: plate voltage, 90 v; grid 
voltage, —1.3 v; plate current, 15 ma; transcon­
ductance, 12,500 {tmhos; amplification factor, 33; 
and equivalent noise resistance, 300 ohms. Hav­
ing a 9-pin design, the triode is particularly suited 
for cascode amplifier service.

CBS Electronics, Dept. ED, 100 Endicott St., 
Danvers, Mass.
Price à- Availability: Units are available from 
stock at a price of $1.20 ea in quantities of 
50 or more.

Miniature Delay Lines 595
Delay to rise time ratio is 4:1

The miniature delay lines offered in Kit 123 
have a delay to rise time ratio of 4:1. Five lumped 
constant delay lines are available with delays of 
0.1, 0.25, 0.5, 1 and 1.1 psec. Designed for tran­
sistor and printed circuit applications, the units 
have attenuations ranging from 1% to 3%. Low in­
sertion loss is obtained by the use of miniature 
toroidal inductors. The units are molded in her­
metically sealed brass tubes measuring 0.4 x 1.5 
in. and having a fused tin plate finish.

Valor Instruments, Inc., Dept. ED, 13214 Cren­
shaw Blvd., Gardena, Calif.
Price Er Availability: Available from stock, units 
are priced at $97.50 ea.

Germanium PNP Transistors 638
Designed for specific uses

These germanium pnp transistors are specifi­
cally designed for application in industrial and 
military hf communications, instrumentation, con­
trol, navigation, and mobile equipment. Types are 
designated: 2N274, 2N384, 2N1023, 2N1066, 
2N1224, 2N1225, 2N1226, 2N1395, 2N1396, and 
2N1397. Characteristics include: maximum junc­
tion temperature rating, 100 C; maximum tran­
sistor-dissipation rating in free air at 25 C, 120 
mw, transistor-dissipation rating with heat sink, 
240 mw, and maximum collector-to-base rating, 
—40 \, except for the 2N1226 which is rated at 
—60 v. The units operate to 50 me and above in 
rf amplifier service, and 125 me and above in 
oscillator service.

Radio Corp, of America, Dept. ED, 30 Rocke­
feller Plaza, New York 20, N.Y.

Hermes Solid State

TO DECIMAL

for converting any 4» bit code 
to decimal illuminated display

... Coiti Uta
Binary to Decimal 
Converter, Model 260, 
shown approx. ’A size

NO FALSE READOUTS
Relays and tubes eliminated

MAXIMUM RELIABILITY
100% solid state circuitry

LONG USEFUL LIFE
No preventive maintenance required

’95 
(Nixie Bulb 

not included)

Discounts for 
quantity purchase*

OPERATIONAL FLEXIBILITY
Variety of four bit codes can be converted

LATCHING CIRCUITS
Provide memory for binary information

Write for Technical Bulletin 260

Hermes
ELECTRONICS C O .

PARKWAY

CIRCLE 246 ON READER-SERVICE CARD
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NEW PRODUCTS at the ire show

What’s a big railroad

know about the

232

supplier

little relays in a missile ?

For 75 years, we’ve been building tough, reliable 
railroad signal equipment. Our signal relays are 
built to stand the rock-and-roll of high-speed trains.

We have relays that have been sitting out in the 
boon-docks in sub-zero and desert-hot temperatures 
for more than thirty years - getting only the stand­
ard two-year check up. Even after three decades, 
they’re still making and breaking a circuit three 
times every second of every day.

With this experience, it was natural for us to 
start building miniature relays for the newborn 
missile age. We figured the missile people wanted a 
reliable relay. We also figured that the wee parts 
would make us bug-eyed. But our designers created 
a 6 PDT miniature relay with just three major 
assemblies . . . instead of a fistful of small parts.

It’s a clean-looking relay. It has a minimum 
number of movable parts. But, a balanced rotary­
type armature is its top feature. It rotates on an 
axis which passes through the center of gravity of 
the relay. This enables the relay to effectively resist 
applied linear acceleration forces from shock and 
vibration.

Our people build a reliable miniature relay. They 
know it, and they’re proud of it. We’re sure you 
will agree. Contact us for information.

See us at Booth «2122-24 at IRE Show-Mar. 21-24

( fu)nee/cò in button Science

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY — 
PITTSBURGH 18, PENNSYLVANIA 
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Logic Modules 499
For 100-kc operation

through the relay contacts. The trip 
point frequency is specified by the 
customer. In addition to overspeed 
prevention, the output of the unit 
may be used for other control func­
tions such as limit cycle control, off- 
on control, and sequencing. The de­
vice is suitable for use in aircraft 
and ground support equipment.

Varo Manufacturing Co., Inc., 
Dept. ED, 2201 Walnut St., Gar­
land, Tex.
Booth 1731.

This line of encapsulated logic 
modules is designed for 100-kc op­
eration. Applications include port­
able, mobile, and airborne equip­
ment as well as missile systems. 
They operate over the temperature 
range of 0 to 55 C; units having a 
wider temperature range can also 
be furnished.

C & K Components, Inc., Dept. 
ED, 101-103 Morse St., Newton 58, 
Mass.
Booth 1627.

Molding Press 669
For production of miniature 

components

Model 725 automatic transfer, 
plastics molding press is suited for 
the production of miniature and 
subminiature components, punches 
and dies for precision parts, TV-tube 
aluminizing equipment, impregna­
tion systems for capacitors and fil­
ters, silicon rectifiers, and other de­
vices.

F. J. Stokes Corp., Dept. ED, 5500 
Tabor Road, Philadelphia 20, Pa. 
Booth 4126.

Speed Sensor 517
For use with rotating equipment

Model 9353B transistorized, over­
speed sensor protects rotating equip­
ment against destructive accelera­
tion and damaging rotational speeds. 
When the input speed signal reaches 
12.8 kc ±1%, an internal relay is 
tripped and 28 v de is applied

TV Camera 655
Has 600-line resolution

Model TTVC camera provides a 
600-line resolution. It has crystal- 
controlled rf-modulated channels, a 
maximum output of 50 mv, and a 
video output of 1.4 v, peak-to-peak. 
Weight is 14.5 lb.

Blonder - Tongue Laboratories, 
Inc., Dept. ED, 9 Alling St., New­
ark 2, N.J.
Booth 3225.

Oscillator Klystron 620
Is liquid-cooled

Type VA-64G two-resonator os­
cillator klystron, having a frequency 
of 13.3 kmc, is liquid-cooled. It de­
livers a minimum of 15 w cw into a 
matched load. Suitable for fixed- 
frequency, doppler-radar navigation 
applications, the tube measures 
3.275 x 1.4 x 2 in. and weighs about 
5 oz.

Varian Assoc., Dept. ED, 611 
Hansen Way, Palo Alto, Calif. 
Availability: Delivery time is 90 to 
120 days.
Booth 2710-2720.

ELECTRONIC DESIGN • March 16, 1960
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CJ Send more information about the Readall instrument

Title

1960 233

Dept. 
Phila-

Union Switch & Signal
Division of Westinghouse Air Brake Company

See us at Booth #2122-24 at IRE Show-Mar. 21-24
CIRCLE 249 ON READER-SERVICE CARD

We knew we had an outstanding instrument 
in our product line when this readout device 
was introduced several years ago. It proved 
to be ahead of its time during those early 
days, but now this remarkable precision 
instrument for displaying data is gaining 
acceptance in many industries. It’s about as 
big as a candy bar, and it will display, store, 
or transfer up to 64 different numbers, 
letters, or symbols without using complicated 
conversion equipment and “black boxes.”

This is an entirely new species of readout 
device so we had to give it a new name, 
the Readall* readout instrument.

We developed the Readall instrument for 
data display in flight control equipment. We 
knew the Readall instrument was fine but 
didn’t know just how valuable it was. But 
one of our engineers did. He designed a 
complete new pipeline control system based 
on the new instrument. The application was 
a breakthrough in data handling, and the 
control system is a big success.

Naturally, we put the Readall instrument

Pittsburgh 18, Pennsylvania
Here is a possible application we have in mind for the Readall instrument

k- rack-mounted in a panel 
[ring 10 x 3.5 in.

B & F Instruments, Inc., 
D, 3644 N. Lawrence St., 
elphia 40, Pa.
ooth 3123.

removing the rated voltage. A 
clutch-brake disengages the motor 
and engages the brake. Platform 
travel is controlled by limit switches. 
The table has a platform 6 in. in 
diameter and can handle a 2-lb load.

Micro Gee Products, Inc., Dept. 
ED, 6319 W. Slauson Ave., Culver 
City, Calif.
Price 6- Availability: Price is $2100. 
The unit can be delivered in 30

lECTRONIC DESIGN • March

ers with little

on the market so systems engineers could 
use it to improve their control systems. We 
announced the Readall instrument as . . 
an electro-mechanical, D.C. operated, read­
out device for displaying characters in ac­
cordance with a pre-determined binary code 
... a compact, self-contained device . . . 
which can be applied to the output of digital 
computers, teletype receiving equipment, 
telemetering systems, or wherever data must 
be displayed.”

Other systems have been developed with 
separate units for data display, decoding, 
storing, and electrical readout. These sep­
arate units cost more and occupy more 
room. Market response confirms the need 
for one, small, inexpensive unit that does 
all three jobs. The Readall instrument serves 
the purpose.

We’d like to discuss possible applications 
for the Readall instrument with you. If you 
want information as to possible applications 
you have in mind for this remarkable in­
strument, please fill in the coupon.

•Trademark

What can you do with a 
remarkable instrument like this?

Zona______State

Uses a synchronous motor

Model 82A rate table consists of 
turn-platform driven by a syn- 
ircnous motor. The table can be 
mutely operated by applying or

Fairchild Semiconductor Corp., 
)ept. ED, 545 Whisman Road, 
fountain View, Calif.
Availability: Units are available 
rom distributors.
looth 2701-2707.

Name___ 
Company 
Addr«*s_

City_____

Traveling Wave 630 
Tube Amplifier

Frequency range is 4 to 8 kmc

Model 5-542 traveling wave tube 
amplifier is for operation with the 
Raytheon traveling wave-tube QK- 
542. Frequency range is 4 to 8 kmc, 
output is 1 w min into a 50-ohm 
load, and response is 10 cps to 10 
me. Small-signal gain is 30 db min 
and gain at maximum power output 
is 25 db. Spurious modulation in at 
least 35 db below the output signal 
level. Input voltage is 105 to 125 v, 
60 cps, at about 960 va. Dimensions 
are 10.5 x 19 x 16 in.

Alfred Electronics, Dept. ED, 
897 Commercial St., Palo Alto, Calif. 
Price Availability: Price is $3190 
and delivery is from stock.
Booth 1633.

Si ¡icon Transistor ¿52
High speed, general purpose

r,pe 2N717 npn silicon transis- 
or is a high-speed, general-purpose 
init having saturated switching 
imes of less than 1 psec at 0.5 amp. 
Fh< typical gain-bandwidth prod- 

het is 100 me. In low-level amplifier 
hse the unit provides a 15-db neu- 
ralized gain at 30 me. Current gain 
b essentially flat over a two-decade 
ange of current. The JEDEC TO-18 
jackage permits 1.5-w dissipation at 
oom temperature. Environmental 
requirements of MIL-S-19500B are

Silver-Zinc Battery 516
Delivers 80 w-hr per Ib

Model 61700 silver-zinc battery, 
designed for missile applications, is 
capable of delivering 80-w-hr per 
lb. The unit is made up of 19 cells 
of 200 amp-hr nominal capacity and 
is housed in a pressurized stainless- 
steel case. It weighs 140 lb and 
measures 11-3/16 x 14-7/8 x 11-1/2 
in. In typical application, it offers 
five cycles supplying 65 amp at a 
6-1/2-hr discharge rate with three 
pulses of 90 amp for 1 min each. 
Operating temperature range is 20 
to 80 F.

Yardney Electric Corp., Dept. 
ED, 40-50 Leonard St., New York, 
N.Y.
Booth 2127.

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY — 
PITTSBURGH 18, PENNSYLVANIA

Strain Gage Power 650 
Supplies

Temperature coefficient is 
0.005% per deg F

I Model 10-150 strain-gage, float­
ing power supplies have a tempera­
ttire coefficient of better than 0.005% 
■er deg F. The units are designed 
tr- furnish bridge excitation to re- 
istant strain gages and transducers 
p multichannel data-acquisition 
ystems. The shielded-line trans- 
brmer and high impedance-to- 
round permits the transmission of 
gnals through single-ended ampli-



NEW PRODUCTS AT THE IREFor 
Printed 

Circuitry

ffUCß PRESENTS 
Z STYLE 1005

MIDGET DC RELAY
Cut your material and direct labor costs with 
this small, inexpensive, mass-produced relay for 
use in printed circuitry where the relay is self- 
supporting. Designed for simple plug-in instal­
lation.

The Style 1005 Relay is a single-pole, double­
throw relay, light in weight yet capable of 
withstanding severe operating conditions and 
rough handling.

TYPICAL APPLICATIONS
Remote TV Tuning, Control circuits for re­
cording instruments, Radiosonde, Auto head­
light dimming, etc.

GENERAL CHARACTERISTICS
STANDARD OPERATING

VOLTAGES................................3 to 32 VDC
MAXIMUM COIL

RESISTANCE............................ 13,000 ohms
SENSITIVITY .......... 0.05 watt at standard

contact rating; 0.3 watt at 
maximum contact rating

CONTACT COMBINATION...............SPDT
CONTACT RATING Standard 1 amp.;

optional ratings, with 
special construction, to 
3 amps. Ratings apply 

to resistive loads to
26.5 VDC or 115 VAC 

MECHANICAL LIFE
EXPECTANCY........ 10,000,000 operations 

minimum
DIELECTRIC STRENGTH........500 VRMS 

minimum

Also available with solder lugs in 
open or hermetically sealed styles.
STYLE 1001

For Details, call or write
PRICE ELECTRIC
304 E. Church Street 
MOnument 3-5141

CORPORATION
FREDERICK, MARYLAND

TWX; Frederick, Md. 565-U

Digital Modules
For military use

The MIL-T series of dynamic, 
1-mc digital modules conform to 
MIL-E-4159, MIL-E-5400, and MIL­
E-16400. All unit delay lines and 
pulse transformers are encapsulated. 
Boards and fingers are double­
etched. Each module is held di­
rectly within a stainless steel frame, 
which bolts directly to the standard 
19-in. block. The units are logically 
and functionally equivalent to the 
T-PAC series, but differ in physical 
format.

Computer Control Co., Inc., Dept. 
ED, 983 Concord St., Framingham, 
Mass.
Booth 3308-3310.

Vibration Equipment 518
Calibrates velocity-type pick-ups

This system calibrates velocity­
type pick-ups and accelerometers 
used in measuring vibration. It ac­
commodates high acceleration levels 
over a wide-frequency span.

MB Electronics, Dept. ED, 781 
Whalley Ave., New Haven 8, Conn. 
Booth 3107-3108.

Power Supplies
Outputs are 30 to 330 v de

These high-voltage, transistor- 
regulated, power supplies are avail­
able in four models. Model PS4221 
has an output of 30 to 210 v and a 
current range of 0 to 0.8 amp. Model 
PS4231 provides 120 to 330 v at 0 
to 0.8 amp. Model PS4232 provides

SHOW

120 to 330 v at 0 to 1.5 amp and 
Model PS4222 provides 30 to 210 v 
at 0 to 0.5 amp. All models have an 
output regulation of within 0.1* 
against 10% change in line and load 
from zero to full load. Ripple and 
noise level for models PS4231 and 
PS4232 is 3 mv rms and for models 
PS4221 and 4222, 2 mv rms. The 
output impedance is less than 0.4 
ohms from de to 100 kc for the 
0.8-amp units and 0.2 ohms for the 
1.5-amp models. Short circuit pro­
tection is provided.

Power Sources, Inc., Dept. ED, 
Burlington, Mass.
Booth 1914.
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Compacting Press
Processes 34 to 50 pieces per min

Model F-4 compacting press, for 
use in the production of hermetic 
seals, tantalum capacitor anodes, 
barium titanate shapes, ferrite cores, 
and other electronic components, 
processes 34 to 50 pieces per min. 
It can make parts with diameters 
up to 1-1/4 in. and depths to 1-1/4 
in. The press is a 4-ton single-punch 
unit.

F. J. Stokes Corp., Dept. ED, 5500 
Tabor Road, Philadelphia 20, Pa.
Booth 4126.
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Shaft-Driven Ratio 371 
Transformers

Range is 30 to 1000 cps

These heavy-duty shaft-driven 
ratio transformers are recommended 
for use in the frequency range of 
30 to 1000 cps. Input voltage can be 
as high as 1000 v above 400 cps; a 
frequency of 2.5 cps is possible. 
Models RT-14 and RT-14A have a 
resolution in 0.001% steps; models 
RT-15 and RT-15R have continuous 
resolution. Terminal linearity is 
0.001% for all models.

Gertsch Products, Inc., Dept. ED, 
3211 S. La Cienega Blvd., Los An­
geles 16, Calif.
Price ¿z Availability: The product 
will be available by October, 1960. 
Price has not yet been determined.
Booth 3701-3703.
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pi ital Deviation 
Phmmeter

Balance time is 1 sec

Model DVM-300 digital 
lion ohmmeter measures the

devia- 
resist-

Lnie around a selected nominal 
Line and presents the information 
in digital form as a percentage. The 
Instrument uses three digits and has 
Ln average balance time of 1 sec. 
It reads ±5% of the total resistance 
|o an absolute accuracy of 0.01%. It 
¡s suited for automatic measurement 
hf temperature coefficients. Contact 
Hosures are available for Go/No-Go 
lesting and tolerance sorting opera-
(ions.
i Electro Instruments, Inc., 
ED, .3540 Aero Court, San 
11, Calif.
Booth 3811.

Ball Bearing Chassis 
Slides

Dept. 
Diego

648

i Precision made

Series 140 and 150 ball-bearing, 
hassis slides are precision made 
nd designed for use in the ground 

instrumentation of missile programs. 
Jr he slide mechanisms are made of 
Extruded 7075 T6, a hard aluminum 
■alloy. Other parts are made of stain­
less steel. Slide widths are 5/16 to 

1 2 in. Load ratings are up to 200 
I) per pair. Positive locking of the 
Iide assembly in fully extended po- 
ition is provided. Shock-block 
nounting is available for use in en­
vironments of heavy shock and vi- 
wation. All slides incorporate a 
pushbutton levering device.

Jonathan Manufacturing Co., 
Dept. ED, 720 E. Walnut St., Ful- 
erton, Calif.
Booth 4514.

ransistors
Come in three types

These transistors are offered in 
th ee different types. Type XN102 

dium-power, mesa transistor is 
rated at 0.5 w, 160 me. Type XN102 
Re manium, diffused-junction pnp 
de /ice is for hf amplifier applica­

tions where medium-power outputs 
are needed. Type 2N705 germanium 
pnp, diffused-junction device is for 
very high-speed switching applica­
tions and will attain speeds of less 
than 10 mpsec. This unit can be 
used in a wide variety of computer 
pulse and switching circuits, both 
saturating and non-saturating.

Motorola Inc., Semiconductor 
Products Div., Dept. ED, 5005 E. 
McDowell Road, Phoenix, Ariz.
Booth 1114-1115.

Resistance Wire 366
For use to 300 C

Able to stand 300 C for short 
periods of time, this electrical re­
sistance wire can be used continu­
ously at 250 C. The insulation mate­
rial is Ceron ST; an overlay of 
Teflon is also used. Sizes as fine as 
0.001 in. in diameter are available.

Kanthal Corp., Dept. ED, Amelia 
Place, Stamford, Conn.
Booth 4002.

Amplifier Klystron 619
Power gains are 25 to 35 db

A DIGEST OF NEW DEVELOPMENTS 
IN ELECTRONICS AND AUTOMATION

PUBLISHED BY ROME CABLE DIV. OF ALCOA, ROME. N. Y.

PIONEERS IN INSTRUMENTATION CABLE ENGINEERING

9 A

OPERATION SIMPLIFICATION. A high priority request from the Pentagon 
points to the big need for simplification in missile control and guidance 
systems. Fewer components and mechanical parts are what the Defense 
men are looking for in the hope of cutting down the numerous failures and 
malfunctions in missile performance. Along the same line, an Army Colonel 
has called for “deprovement” as a technique for design in military equip­
ment. What he’s looking for is stuff that’s “smaller and worser” rather than 
“bigger and better.” It’s a wide open invitation and everyone is welcome 
to suggest possible solutions!

ELECTRIC CAR REVIVAL. Fuel cells that generate electricity when hydrogen 
and oxygen gases are fed into special carbon electrodes may spark a revival 
of the electric car. Resembling in some respects a big battery, the fuel cell 
might offer these advantages: silent operation; no smog-producing exhaust; 
economy because of the high (65% to 80%) efficiency. Some 20 companies 
are reported working on fuel cells for everything from satellites to outboard 
motors.

Type VA-832 amplifier klystron 
has a three-cavity construction that 
provides power gains of 25 to 35 db. 
It operates in the range of 9.7 to 
9.9 kmc, cw or pulse, delivering a 
minimum of 6 w cw or up to 1 kw 
of peak-pulsed output power. Focus­
ing is electrostatic. The tube weighs 
1 lb and measures 2-1/2 x 3-1/2 x 
1-5/8 in. It can be used in high al­
titudes without pressurization.

Varian Assoc., Dept. ED, 611 
Hansen Way, Palo Alto, Calif. 
Availability: The tube is in limited 
production.
Booth 2710-2720.

1960

BIG VOICE FOR THE NAVY. By the end of this year the Navy hopes to have 
the world’s most powerful radio station in operation at Cutler, Maine. The 
antenna system will have two arrays, each having a center tower 980 ft. high; 
an inner ring of six towers 875 ft. tall; and an outer ring of six towers 800 ft. 
high. Some 2200 miles of copper will be used in the ground system under 
the antenna arrays. With transmission output up to two megawatts, radio 
contact will be possible even with subs lying deep in the Arctic Ocean.

GUIDE TO TESTING. A detailed breakdown of what the Department of De­
fense demands in the way of environmental testing for electronic component 
parts is still available. Components fall into one of eight distinct groups and 
evaluation is done in terms of 12 test areas. Write to the Office of Technical 
Services, Dept, of Commerce, Washington 25, D.C. and ask for “Environ­
mental Requirements Guide for Electronic Component Parts.”

DUGOUT DATA. So far it’s been man against man when rival baseball team 
managers try to outsmart each other. But soon baseball strategy will be 
decided by a computer. At least that is what’s going on at the University 
of California, where a big computer is being “given its innings.” The machine 
weighs the desirability of thirteen possible plays against the composite 
batting averages of the typical big league team.

CABLEMAN’S CORNER. The subject of cable testing is an important one. This 
is the phase of production that determines whether or not the cable you are 
purchasing is in accordance with your standards and requirements. In the 
field of electronics and automation, cables are required to suit various strin­
gent electrical, mechanical, and/or chemical environments. Many years of 
study and testing have gone into the design of test equipment to be used for 
these critical tests. It is not enough to know that a cable has been tested in a 
manner that is “essentially” the same as the required standard. Slight varia­
tions in equipment design or methods of tests can mean the difference be­
tween conformance and non-conformance. Make sure the test data you 
receive gives a true picture of the performance of your cable. When you need 
cable, call on a cable specialist. Phone Rome 3000, or write to Rome Cable 
Division of Alcoa, Dept. 1130, Rome, N. Y.

These news items represent a digest of information found in many of the publica­
tions and periodicals of the electronics industry or related industries. They appear 
in brief here for easy and concentrated reading. Further information on each can 
be found in the original source material. Sources will be forwarded on request.
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NEW PRODUCTS at the IRE SHOW ten

Airborne Time Code Generator 
illustrates high density packing 
obtainable with T Series circuits.

Hinged arrangement of mounting 
panel facilitates accessibility

TO BREADBOARD

T-SERIES

TIME AND MONEY

The finished package weighs 
only 20 lbs.; measures 5" x 8" x 
204b". Unit generates 14-dlglt 
Point Mugu code, modulating a 
1 kc carrier plus a de time code- 
Three sine wave and four pulse 
outputs are also provided, all 
with only 96 T-Series circuits 
and 77 watts of input power.

FROM SYSTEM SPECS
FINISHED PRODUCT IN 7S DAYSI

That’s the record set by the manufacturer of this complex 
airborne Time Code Generator — thanks to the compati­
bility of proven EECO T-Series Circuit Modules and the 
flexibility of the EECO Breadboard Kit.
Designed and developed for testing the fire control of 
manned supersonic aircraft under actual flight conditions 
at altitudes up to 80,000 feet, this Time Code Generator 
employs T-Series circuits throughout. Required accuracy of 
1 part in 10* was easily obtained.
HIGH DENSITY, LIGHT WEIGHT
The total package contains 96 T-Series Circuits, 14 filament­
type EECO Minisig Indicators, and power converters (the 
beginning of our line of compact 12-volt EECO Power 
supplies for use with T-Series circuits) — all within a 
volume of Mt cubic foot. In spite of this terrific packing 
density, the equipment still retains extreme ease of accessi­
bility and weighs only 20 lbs. No cooling is required.

T- SERIES VS. VACUUM TUBE CIRCUITS
The use of T-Series transistorized Germanium circuits 
throughout resulted in great savings as against equivalent 
equipment designed around vacuum tube circuits. Here are 
some startling comparisons.

VACUUM TUBE

SIZE 800 cu in. 8,000 cu. in.

WEIGHT 2n lbs (including 
power converters)

160 lbs. (plus fan and 
power supply)

POWER 77 watts 650 watts (plus power for fan)

SAVE

EECO Breadboard Kit.

Bushings 647
For capacitors and transformers

These hermetic, high voltage, 
porcelain-to-metal sealed bushings 
are for use in high reliability capaci 
tors, and electronic and distribution 
transformers. The bonding process 
makes possible direct bonding of 
parts made of stainless-steel, cold- 
rolled steel, or nickel-iron alloy to 
unglazed porcelain.

Ceramaseal, Inc., Dept. ED, New 
Lebanon Center, N.Y.
Price ir Availability: Units are made 
on order and have a delivery time 
of 8 to 10 weeks. Price varies from 
$1 to $7 ea.
Booth 1724.

Input Conditioning 
Module

651

For strain gages and transducers

Model 1-200AM miniature plug­
in strain gage and transducer input 
conditioning module combines the

basic features of the firm’s model 
12-202A bridge-balance and ca i- 
brating unit. Up to 24 of the cha i- 
nels can be housed in a rack adapt r
measuring 19 x 7 in.

B & F Instruments, Inc., 
ED, 3644 N. Lawrence St., 
delphia 40, Pa.
Booth 3123.

Transistorized 
Chopper

Meets Mil specs

Deft. 
Phih-

375

This transistorized chopper is de­
signed to meet MIL-5272C and 
MIL-E-5400. Type 2422 has a maxi­
mum drive voltage of 10 v, a maxi­
mum signal input of ±5 v, and op­
erates over the temperature range 
of -|-130 to —55 C. Type 2441 has 
a maximum drive voltage of 22 v, 
a maximum signal input of ±10 v, 
and a temperature range of -¿-80 
to —40 C. Type 2451 has a maxi­
mum drive voltage of 36 v, a maxi­
mum signal input of ±15 v, and a
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with compact, transistorized series

JKTO-PIP
You, too, can develop the most complex equipment in 
record time with these proven EECO circuits and systems 
development aids They'll save you time and money in four 
major areas:

DESIGN — You can devote full time to system design 
problems or unusual circuit requirements, knowing that 
routine circuit detail has been compatibly pre-engineered 
and packaged for you.
BREADBOARD — The unique EECO Breadboard Kit and 
plastic circuit cards enable you to set up, change, or 
take down experimental arrangements quickly—without 
waste of time or materials. Unit contains all necessary 
permanent wiring to accommodate any regular T-Series 
circuit. All other circuit inter-connections are made by 
patch cords or plugs, with prepunched circuit cards to 
guide you.
PRODUCTION — Your production problem is reduced 
to one of mounting sockets on panels or chassis and 
providing simple socket-to-socket wiring. Plug in the 
appropriate circuits and the system is complete.

A CHECKOUT—The extreme reliability of T-Series circuits 
eliminates the need for circuit “debugging.” Checkout 
time is reduced to a bare minimum.

Why not let proven EECO T-Series circuits and systems 
development aids help you solve your equipment design 
problems?
// you have not already requested your copy of our 
new Catalog No. 859, write us today on your company 
letterhead.

ENGINEERED ELECTRONICS COMPANY
(a subsidiary of Electronic Engineering Company of California!

FREQUENCY
STANDARDS

(Standard Models Stocked For Quick Delivery)

This series brings together o combination of ultra­
stable glass sealed crystals, matched-design sili­
con transistor-oscillator circuitry, and transistorized 
proportional control oven performance. The result 
of this advanced engineering is frequency sta­
bility of 1 part in 100 000.000 per day, under 
normal conditions.

SPECIFICATIONS
FREQUENCY: 1 to 5 me. is standard. 
Other frequencies available on special 
order.
OVEN: Transistorized, proportional 
control.
OUTPUT: One V into 5000 ohms.
POWER: Operates from 24 to 28V D.C. 
DIMENSIONS: 2" x 1 84" x 2^" H. 
WEIGHT: 10 Oz. Maximum.
ENVIRONMENTAL: Hermetically 
sealed, shock and vibration resistant. 
TEMPERATURE RANGE: From 
— 55°C to +75°C. Also from — 55°C 
to 100 + *C.

For information, write stating your requirements. 
THE JAMES KNIGHTS COMPANY 

SANDWICH, ILLINOIS

I ECT236

506 Eist First Street • Santa Ana, Califernia
Look for us at the IRE National Convention, New York, March 21-24
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temperature range of 4-80 to —40 
C. For all units, the null balance 
at 25 C is 200 mv.

Victory Engineering Corp., Dept. 
ED, P.O. Box 373, Union, N.J. 
Price ir Availability: Units will be 
available in May i960. Price is 
quoted on request.
Booth 1423.

HF Microwave Diodes 534
Have low-loss figure

These low-noise, hf microwave 
diodes may be used as up-convert­
ers, amplifiers, limiters, harmonic 
generators and switches. They are 
particularly suitable for use as low-
noise parametric amplifiers.

Sylvania Electric Products 
Dept. ED, 730 Third Ave., 
York 17, N.Y.
Booth 2322-2332, 2415-2425.

Silicon Transistor

Inc., 
New

Collector-to-base rating is 120 v

Type 2N698 diffused silicon tran­
sistor has a collector-to-base rating

i 120 v which allows wider voltage 
swings in amplifier and oscillator 
circuits as well as more protection 
in inductive switching circuits.

Fairchild Semiconductor Corp., 
Dept ED, 515 Whisman Road, 
Mountain View, Calif.
Availability: The unit is available 
through distributors.
Booth 2701-2707.

Frequency-Time 
Standard

Consists of four instruments

This system, providing an easily 
operated primary frequency and 
time standard, consists of four in­
struments. Model 113AR frequency 
divider and clock makes time com­
parisons between model 103AR os­
cillator and standard transmitted 
time signals.

Hewlett-Packard Co., Dept. ED, 
275 Page Mill Road, Palo Alto, 
Calif.
Booth 3302-3304-3306, 3401-3403- 
3405.

NEW... ■ ■ ■sma|1 • ■ ■ 
compact,.. light... 
STRANDED-WIRE 

FLAT CABLE 
for the ultimate in 

FLEXIBILITY
CICOIL Super-Flex multi-conductor cable is 
ideal for use wher® extremes of temperature, 
movement and vibration preclude the 
use of other materials in missile packages, 
computers, gyro and radar systems. 
They provide light, reliable and compact 
harnessing of even the most complex 
electronic circuitry. Super-Flex cables are made of 
stranded conductors, precisely spaced in CICOIL's 
specially processed silicone rubber base compound. 
Cables are made in lengths up to 9 feet, and widths 
determined by the size and number of conductors. 
Cable termination can be supplied bare or with commercial 
or military grade connectors. Special connectors can be 
molded by CICOIL to meet your requirements.
Write for new brochure and complete technical data.

CICOIL
CORPORATION

13833 SATICOY ST. 
VAN NUYS 

CALIFORNIA

a complete, 
compact system 
for shaft rotation
digitizing...

TELEPAK is a reliable, compact system for shaft rotation 
digitizing in a variety of scientific and mechanical applications. 
The TELEPAK System consists of two basic elements:

A pulse generator which divides 360° angular rotation into as many as 
2000 discrete, evenly spaced electrical pulses. Pulse formation is com­
pletely passive —no switches, light beams or magnetic impulse generators. 
Rotating element (illustrated above), is a simple, low inertia disc, mounted 
in precision ball bearings. Generated pulses are inductively coupled to the 
output and amplitude is independent of rotational velocity from zero to 
maximum rpm.

An electronic counter /Accumulator in miniaturized solid-state form pro­
vides excitation for the angle pulse generator, receives the generator pulse 
out-put, and Continuously accumulates displacement position in decimal 
digital form. Directional sensing and bi directional counting enables the 
system to follBw both clockwise and counterclockwise motion.

The digital position convi^rsion is displayed visually by in-line (Nixie) 
readouts and is also storeairt a load driving memory for electrical readout.

• Write for Bulletin No. DI. 09 for complete Technical Data.

• NTATli

See TELEPAK at the IRE SHOW in New York. Booth No. 2128.

DATA INSTRUMENTS
Division of Telecomputing Corporation
12838 Saticoy Street, North Hollywood, Calif. • TRiangle 7-8181

DATA INSTRUMENTS: “Pioneers in Data Instrumentation"

CIRCLE 258 ON READER-SERVICE CARD
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NEW PRODUCTS

624Welding Equipment

msec

3300

NEW ALUMINUM-CASE HIPERMAG CORE
DEFIES ABUSE, PROTECTS PERFORMANCE

626Connector Test Adapter

530

*04 N

238
ELEI

Adapter Panel
This adapter panel

W. Belmont Ave., Chicago 18, III.
Price & Availability: Some models available from 
stock; other models delivered in 21 days. When or­
dered in quantities of 1 to 10, price is between $9 
and $17.

2.5 to 12.5 kv.
Associated Research Dept. ED, 377

unit produces 100,000 amp pulses of about 1 
duration.

Metal Craft Co., Weldex Div., Dept. ED, 
Doris, Detroit, Mich.
Availability: Can he delivered in 14 days.

GenRes application-engineered, ultra-high re­
liability Precision Wirewound Resistors are 
tested accurate to .01% over a temperature 
range from - 55” to 125°C! Offering axial, 
lug. printed circuit and radial lead, hermeti­
cally sealed standard, ceramic and temperature 
compensating types to meet any requirement, 
rugged GenRes WW Resistors have tempera­
ture coefficients as low as 1 ppm/'C For such 
criticai applications as Analog Computers, 
Telemetering Equipment, Power Supplies or 
Precision Instruments see GENERAL RESIST­
ANCE first.
ALSO AVAILABLE: Temperature-sensitive Gen­
Res resistors having temperature coefficients 
of from 0 to .6%/lC. and high temperature 
types for space applications.
BOOTH 3026 I.R.E. CONVENTION /¿T

If it can be made GenRes will make it! 
Custom-engineered, mass-produced Gen­
Res Resistor Networks can be supplied in 
any shape or form in strict conformance 
with your most stringent requirements.
AVAILABLE FEATURES -

* ACCURACIES TO .005%!
* 400-cycle or higher frequencies
* Extremely low quadrature voltages to as 

low as 1/10 mv per volts.
* Sizes to customer specifications..

TYPICAL APPLICATIONS -
GenRes Precision Resistor Networks are com­
ponents in such critical applications as Sum­
ming Circuits. Voltage Dividers and Binary 
Networks SEND US YOUR SPECIFICATIONS.

Current Transformers 623
These Donut current transformers are used to ex­

tend the range of ammeters and to provide operating 
current for relays. The series 700 units are available 
in ratios from 10:5 to 5000:5, with burden rating of

firm’s 2-channel Mark II recorder in a standard 19 
in. rack. The instrument may be removed from the 
adapter panel at any time and returned to its stand­
ard portable case.

Clevite Corp., Brush Instruments Div., Dept. ED, 
37th and Perkins, Cleveland 14, Ohio.
Price: Price of the panel is $100. fob Cleveland.
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GENERAL RESISTANCE inc Ä
430 Southern Blvd. • N. Y. 55 • CY 2-1500

Capable of 500 welds per minute, this Weldex 
spike welder may be used for critical welding of 
small parts where too much heat would damage the 
enclosure or delicate electronic components. The

The use of Copseal preforms in copper-to-glass 
seals permits a true oxide bond. Specific electrical 
resistance at 100 C is about loglo 11-1 ohms per cm, 
and increases as temperature is decreased. The co­
efficient of expansion is 155 x 10 7.

Mansol Ceramics Co., Dept. ED, 140 Little St., 
Belleville, N.J.

625

designed for mounting the

This hand-tool is used for making voltage, signal, 
continuity and performance tests on black boxes, 
components, harnesses, systems, aircraft, and mis­
siles using AN-MS miniature, subminiature, and 
similar type connectors. The tool has heavy silver 
or gold contact plating, a bendable shaft, and four­
way lead connection.

Air-O-Tronics Engineering Co., Dept. ED, Box 
31, Lancaster, Calif.
Price lx Availability: Available from stock. Large 
quantities delivered 10 days after receipt of order. 
Price is between $0.90 and $1.15 each for quantities 
1 to 9.

All-new Westinghouse aluminum-case Hipermag cores bring 
you three exclusive advantages:

• Minimum height, maximum seal, excellent winding contour 
are provided by the new overlap flange closing of case.

• Ample insulation of wire wound directly on the case is 
assured by its hard, tough, black anodized coating.

• Full protection against continuous vibration, shock and tem­
perature cycling is made possible by a new silicone damp­
ing medium developed by Westinghouse Research 
Laboratories. Moreover, protection of core magnetic char­
acteristics is effective at all operating temperature ranges. 

Aluminum-case Hipermag cores are tested in accordance with 
EIA standards and are available in EIA standard sizes. Special 
tests and sizes can be secured. These cores, as well as poly clad 
hermetically sealed Hipermag cores, are available in Hiper- 
nik®V (50% oriented nickel-iron) and 4-79 Permalloy (square 
loop) in a variety of thicknesses.

Forcomplete information, call your Westinghouse representa­
tive or write Specialty Transformer Department, Westinghouse 
Electric Corporation, P.O. Box 231, Greenville, Pennsylvania.

J-7093-".
YOU CAN BE SURE ...IF IT«WeS t î 11 HOU SC

WATCH “WESTINGHOUSE LUCILLE BALL DESI ARNAZ SHOWS” CBS TV ALTERNATE FRIDAYS
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mCISION MATCNLO RESISTO» 
NETWORK (SUMMINC TYM) k

Tight Tolerance Applications 
call for GenRes PRECISION
RESISTORS...

No Muss! No Fuss! with GenRes
PRECISION RESISTOR 
NETWORKS...

GENERAL RESISTANCE ino
430 Southern Blvd • N Y 55. N Y • CY 2-1500



Feedthrough Terminals 424

Ceramic Insulators 425

Silicon Diodes 437

436

492

Roslyn, Pa.

HOFFMAN ELECTRON TUBE CORP

2391960

I.R.E. 
SHOW

BOOTHS 
3301-3-5

Price Er Availability: Can be delivered 15 days after 
order received. Price is $89.60 per unit.

This is the time of our annual 
subscription renewal.

Research Industrial, Dept.

See our Booth # 1520 at
I.R.E. Nat’l Convention

Among these silicon glass diodes are included 
general purpose JAN types 1N457, 1N458, and 
1N459. Also included are fast switching Signal Corps 
types 1N662, 1N663, 1N643 MID, and 1N658.

Silicon Transistor Corp., Dept. ED, Carle Place, 
Long Island, N.Y.

Used where high frequencies or sealing to metals 
or glasses is involved, AlSiMag 243 ceramic insula­
tion material is said to have low loss. Uses of the 
material are mainly in vacuum tube applications.

American Lava Corp., Dept. ED, Manufacturers 
Road, Chattanooga 5, Tenn.
Price Er Availability: Custom made only.

Ill CEDAR LANE • ENGLEWOOD. NEW JERSEY 
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This sequence timer is electronically timed, has 
instant reset, and is push-button started. Each of 
twelve time positions is separately adjustable to 30 
minutes or more. Model B 705-12 can be supplied 
for rack mounting on the standard 3-1/2 x 19 in. 
panel.

Enables a typist to quickly snap in special symbols 
which may be needed for typing work in various 
fields of science and business. Among the symbols 
available are degree signs, numerical subscripts, the 
millimeter symbol, and the Greek alphabet. Specially 
designed symbols can be ordered, including many 
company trademarks.

Sperry Rand Corp., Remington Rand Div., Dept. 
ED, 315 Park Ave. South, New York 10, N.Y.
Price E Availability: Made to order only and de­
livered 30 days after order received. Price is $9.75 
per unit.

EE8V
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Designed for use in plug-in components, types 
1030 and 1031 fit into 7- or 9-pin miniature sockets, 
have pin diameters of 0.04 in., and come in six 
mounting shank lengths. Type 1032 has a pin diam­
eter of 0.032 in.

Cambridge Thermionic Corp., Dept. ED, 445 
Concord Ave., Cambridge 38, Mass,

See us a* the I.R.I. Show Booth 4315-4317 March 21
CIRCLE 264 ON READER-SERVICE CARD

New Marconi Capacity Bridge enables difficult measurements such as 
temperature co-efficients, circuit strays and tube interelectrode capacities 
to be easily made. Capacitors already wired into circuits can be checked 
without removal by the three terminal “in situ” method.
Model 1342 uses the transformer ratio arm technique which permits 
measurement of small capacities at the end of long screened leads to 
be measured without loss of accuracy.

Brief Specification

#04 NEW BRIDGE AVENUE WESTBURY • L.I. N.Y. 

TEL: EDGEWOOD 3-60S0

Range:............... ............... 0.002 to 1,111 ju/xF
Accuracy: ............................±0.2%
Resistance range: 1 to 1000 Mn
Frequency:.............. 1 Kc

Decimal point inserted automatically

Correction Notice
The magnetic splicing tape described on page 89 

of the January 20th issue is not made by Post 
Designs, Inc., as stated. The manufacturer is Robins 
Industries Corp., 37-27 Prince St., Flushing 54, NA.

MULTIPLIER 
PHOTOTUBES

For scintillation counters, spectro 
photometry, flyin? spot scanning.
The range of phototube?* made by 
E.M.I. is one o. the argest in the 
world. It Includes end-window type=? 
of 1' to 15* diameter, with S10, Sil. 
S13 and 820 cathodes, with 10 to 14 
dynodes of Venetian blind type or of 
boxand grid or focused construction. 
Other tubes produced by E.M.I. in­
clude klystrons, magnetron-?. 
C.R.T.s, vidicons, orthicons, storage 
tubes and many other special 
purpose electron tubes.

$555

IV1

WHAT DOES
GOOD DESIGN MEAN IN A
RACK CABINET

NEW1
Write, wire or telephone 
for complete information

Model 
1342

The function of a metal rack cabinet is Io 
accommodate most effectively the instruments 
it houses Chassis and components 
should be stably anchored, well protected and 
readily accessible for maintenance and repair

Falstrom Standardized rat k cab 
are manufactured from 
stock tools and dies and BBBr? 
easily adaptable to yom 
individual specifications . 
at truly economical cost

FALSTROM COMPANY
1/1 Falstrom Court Passaic N I PRescott 7 0013



NEW PRODUCTS11 Stabilized Precision 
Capacitors

.001­

20MF

CAP. 

TYPE RANGE

.001— 

20MF

.001— 

20MF

vn c TEMP IX MIN. 
25*C TOL

SOAR­
AGE

Handle for Electronic Cabinets 527

100—

30KV

—55-C 

+85*C

02%

1KC
—100

PPM/C

0.1- 0.01%

The handle is completely recessed in a cup 9/16­
in. deep and 2-3/4-in. in diameter for spot-welding or 
riveting; it is made of stainless steel. Over-all depth 
of assembly from front of panel is 1-1/8 in.

Western Devices, Inc., Dept. ED, 600 W. Flo­
rence Ave., Inglewood 1, Calif.

600— 

20KV

100—

30KV

.0001— 

20MF

100— 

60KV

—55*C 

+70*C

+200’C

+125'C

02% 
1KC

02% 

1KC

+800 

PPM

-50 

PPM/C

+500 

PPM

ALSO MANUFACTURERS OF:

LOW CURRENT 
POWER SUPPLIES 
2 KVDC-30 KVDC

METALLIZED 
PAPER & MYLAR 
CAPACITORS

g——

1.0%

01-

1.0%

3.00%

0.01%

0.10%

Film Capacitors, Inc. 3400 PARK AVERUE • NEW YORK 06, X Y. &
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METAL SHIELDSILVER SKIN

Enlarged section of Elasta 
clamp's inner cartridge

SEE YOU AT THE I.R.E. SHOW—BOOTH #4504
CIRCLE 266 ON READER-SERVICE CARD

AUGAT BROS., INC.
ft 31 Perry Avenue • Attleboro, Mass.

AUGAT'S REVOLUTIONARY

ELASTACLAMP*
The answer to more effective 
cooling off subminiature tubes!

Heat-dissipating subminiature tube shield with elastic thermal conductor

Resilient elastomer will com­
pletely conform to pronounced 
irregularities of glass surface 
thus reducing dangerous hot 
snots.
Tubes protected from severe 
shock and vibration by rubber­
like elastomer which cushions 
glass.

Enlarged section conventional 
......heat-dissipating tube shield.

For additional information write for bulletin No. 559.

«%

Silicone Rubber 526
Room temperature vulcanizing silicone rubber, for 

potting and encapsulation, is improved through the 
use of RTV-992, 993, and 994 paste curing agents. 
The agents are easy to handle and are used in larger 
quantities than liquids, making for quicker and more 
accurate measurement.

General Electric Co., Silicone Products Dept., 
Dept. ED, Waterford, N.Y.

Teflon Terminal 525
Type ST-250L4, dual-turret type, stands high 

associated wiring and component pull. Designed for 
a chassis 0.11 in. thick, it requires a mounting hole 
0.158 ±0.002 in. in diam. Height above the chassis 
is 0.406 in.

Sealectro Corp., Dept. ED, 610 Fayette Ave.. 
Mamaroneck, N.Y.

Rectifier Power Supplies 528
A complete line of semiconductor rectifier power 

supplies for the production and testing of tantalum 
and other electrolytic capacitors uses silicon or selen­
ium elements, and vernier controlled automatic pro­
gramming for adjustment of automatic formation 
process cycles. The units also include motor operated 
transformers, servo controlled and operated; filtered 
output; and positive-acting, de overload protection.

Meaker Co., Sei-Rex Rectifier Div., Dept. ED, 
Nutley 10, N.J.
Availability: Made on order only.

Stroboscopes 529
TapeStrobes are devices that determine tape-speed 

accuracy for speeds ranging from 1-7/8 to 60 ips. 
Model A measures 7-1/2, 15, and 30 ips speeds; 
model B measures 3-3/4, 7-1/2, and 15 ips speeds. 
With a step-down adapter, model A measures 3-3/4 
ips, and model B measures 1-7/8 ips.

Scott Instrument Labs, Inc., Dept. ED, 17 E. 
48th St.. New York 17, N.Y.
Price & Availability: 60-cps units immediately avail­
able. Two-week delivery for 50-cps unit and model 
W adapter. Other speeds made to specific require­
ments. Prices: Models A & B 60-cps units, $22.50 
each; models Ab B 50-cps units, $24.50 each; model 
W adapter, $2.00 each. Quantity discounts available.

Don’t forget to mail your renewal form 
to continue receiving 
ELECTRONIC DESIGN.

VALOR 
transistorized 
regulated
Power Supplies

- highly reliable
-moderately priced

Using advanced circuitry, Valor 
provides instruments of high 
efficiency. Fewer components are 
required ... components are sub­
stantially derated, and assembly 
time is cut - hence you get more 
power supply per dollar.
Fast réponse: overshoot and under­
shoot are controlled in peak ampli­
tude (to 50 mv) and in time dura­
tion (to 50 /isec), to protect tran­
sistors being powered.
High regulation: 0.1% line and 
load. Units have low ripple and low 
output impedance... are compact 
in size.
Output range: 1 V to 50V, fixed or 
variable...y2 amp to 5 amps. Avail­
able in rack and cabinet models, 
from $175.
IMMEDIATE DELIVERIES.

z Bulletin 1059.

INSTRUMENTS, INC.
13216 Crenshaw Blvd., Gardena, Calif.

Transistorized Power Supplies and Pulse 
Generators • Voltage Regulators • Tran­
sistor Checkers • Delay Lines • Pulse 
Transformers.

CIRCLE 267 ON READER-SERVICE CARD
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Word Indicator Light 435

Magnetic Shield 607

Plug-in Enclosed Relays 610

f

Bar Knobs 609

r

Send for catalog W-K-02.

Microwave On-Off Switch 438

f.

«4.

*«* im

TYPE

THE DOW CHEMICAI 
FIVE YEAR SAFET
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DO MOT PAINT 
VANE OR SLOT

See them at the 

IRE Show

Representatives in major U.S. citiesand Canada
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Don’t forget—Booth* 3927-29
If you don’t see us at the IRE show, or can't 

attend, we’ll be at the WESCON show, too.
If you can’t wait, phone us in 

Phila., LOcust 8-68201

Other Wayne Ker Measuring 
Equipment You’ Want io See

Audio to VHF Bridges; Oscillators; Attenua­
tors; Microwave Equipment; Vibration and 
Distance Meters; Waveform Analyzer.

r. no.
10ER NUMBER 387 PM 5 

U.S.

WAYNE KERR
Absolute Standard of Low Capacitance

Available only from Wayne Kerr. A 3-Terminal 
capacitor constructed to value of 10 wf, 
accurate to 0.01%. Obsoletes substitution 
methods of measurement.
Transformer Ratio Arm Bridges:

WAYNE KERR
CORPORATION 

1633 Race St, Philadelphia 3, Pa.

WAYNE KERR
Precision Low Impedance Comparator Type B-821

A 3-Terminal bridge to compare impedances 
in the order of 1000 ohms against a known 
standard with accuracy of 0.001% . . . ratios 
between standard and unknown of 0.8:1 
to 1.2:1.

WAYNE KERR
Precision High Impedance Comparator Type 8-921

A 3-Terminal bridge to compare impedances 
of the order of megohms against a known 
standard. Accurate to 0.001%. Voltage ratio 
adjustable between 0.333:1 and 3:1.

Chokaa
MIU« r«M 

tB.*|......... Tl »4...¿ '1 «□ «□

NAMEPLATE
(A Division of Anodyne, Inc.)

214-27 Northern Blvd., Bayside 61, N.Y.
BAyside 4 4000 • Teletype.- NY 4 1975 • Cable; Norplate * TWX: LPT

NAMEPLATES • PIPE b ELECTRICAL MARKERS • ACCIDENT & IDENTIFICATION SIGNS

¿ ÍL Westinghouse 35? y
volts a O n»i ndWASS M . . WHI.t IWttllq.

e
V.KR IVW »UIMTNUM. M.W

ADVANCED 
IDEAS

IN MEASUREMENT

The Roto-Tellite word-indicator lights can now be 
operated on 115 v ac. Any 115 v rms can be used. 
Only solid state components are used in this unit. 
They rebulb from the front without using any tools, 
mount flush, and are in conformance with MIL-E- 
5272B.

Master Specialties Co., Dept. ED, 956 E. 108th 
St., Los Angeles 59, Calif.
Availability: Can be delivered 30 days after order 
is received.

BOOTHS
3927-29 This NeticCo-Netic shield is nonshock sensitive, 

nonretentive, and does not require periodic anneal­
ing. Interfering magnetic fields are eliminated by 
the shield permitting potted tubes to be located close 
to other black box gear.

Perfection Mica Co., Magnetic Shield Div., Dept. 
ED, 1322 N. Elston Ave., Chicago 22, Ill.
Price ir Availability: Delivery us 6 to 8 weeks. Price 
varies with quantity from $85 to $120.

Four types are: GMP, 1 to 3 poles, ac or de, 
5-amp contacts; GMSP, 1 to 3 poles, ac or de, 8-amp 
contacts; PGP, 1 to 3 poles, de, with coil resistance 
to 10,000 ohms, sensitivity of 130 mw per pole; and 
PVP, 1 pole, with coil resistance to 10,000 ohms and 
sensitivity of 70 mw. All types have polystyrene 
enclosures and a 9 or 11-pin base.

Hillbum Electronics Products Co., Dept. 9D, 55 
Nassau Ave., Brooklyn 22, N.Y.
Price ir Availability: Some units are supplied from 
stock; others require from four to six weeks for 
delivery. Price varies with models and is furnished 
on request.

Have sloping pointers to eliminate parallax. Two 
styles of series 70 bar knobs are offered in black 
or gray, with or without dial skirts, and in either 
mirror or nonreflective matte finish. Colors are 
available on special order.

Raytheon Co., Commercial Apparatus & Systems 
Div., Dept. ED, Waltham 54, Mass.
Price ir Availability: Immediately available in black. 
Allow 8 to 10 weeks for special color orders. Prices 
are between $0.75 and $1.02 when ordered in quan­
tities of 1 to 99. Quantity discounts on orders of 100 
or more.

Model V-FSW 1 is a low-power switch with high 
isolation when off, low loss when on. Switching time 
is 1 to 2 psec.

T. R. G. Inc., Microwave Component and Antenna 
Dept., Dept. ED, 9 Union Square, Somerville 43, 
Mass.
Price ir Availability: Price is $1500 ea. The unit is 
made on order and can be delivered in 60 to 90 days.

CAPITOL SWITCHES are 
adapted to many variations 
of switching requirements 
and mechanical arrange­
ments. They are manually 
operated units, featuring 
selective control of one or 
more groups of circuit com­
binations.
CAPITOL SWITCHES are a 
finely finished product, of­
fering maximum reliability, 
with smooth mechanical ac­
tion. All parts are non-cor­
rosive. Paladium contacts 
are rated at 3 AMP.
CAPITOL SWITCHES 
INCLUDE:
Illuminated single and mul­
tiple position switches, in­
terlocking push button 
switches, push-lock, push­
release switches and tele­
phone lever switches.
TYPICAL 
APPLICATIONS

A ■ Test equipment control

[.AnTll11 UL TV and Radio Control sys­
tems, missile control sys­
tems.

WRITE FOR COMPLETE SWITCH CATALOG NO. 102

THE CAPITOL MACHINE CO 
SWITCH DIVISION

36 BALMFORTH AVE., DANBURY, CONN.

Visit booth 2736, I.R.E. Show

CIRCLE 269 ON READER-SERVICE CARD

You'll be in good company
Pressure-Sensitive, Anodized Aluminum Foil 

NAMEPLATES

Western Electric
MADE IN U.S A

TRANSMITTFR

Certified to meet all 
MIL Specs.

IMMEDIATE 
DELIVERIES

Contact your nearest 
GESCO (General Elec­
tric Supply Co.) man, 
or airmail your 
sketches to...

MODEL
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NEW PRODUCTS AT THE IRE SHOW

Modular Computer Components 659exp Subminiature

pro1

sign

Div.

BooCIRCLE 928 ON CAREER INQUIRY FORM, P. 317

Data Transmission Resolvers

CERAMASEAL
HERMETIC TERMINALS

and metal flanges, caps or

CERAMASEAL
CIRCLE 271 ON READER-SERVICE CARD

242

SOME HAVE EVEN WITHSTOOD 
A SUDDEN 460°C CHANGE

The CERAMASEAL molecular bond between the ceramic 
tubes is stronger than the high alumina ceramic.

outp 
stabi 
500 1

We look forward to seeing you at the IRE Convention in New York, March 21 thru 24th. 
We will be at the Barbizon-Plaza Hotel, 106 Central Park South, New York City, and 
our telephone number will be PLaza 7-9572. If you do not plan to attend, 
your resume will receive our most serious and confidential consideration.

quer 
quer 
stabi

With an alumina content up to 99%, 
CERAMASEAL terminals are not 
only mechanically strong, but some 
have even been transferred directly 
from liquid nitrogen into hot solder 
without cracking!

This line of size 11 data transmission resolvers 
includes transmitters, differentials, and receivers 
for radar systems. The transmitter and receiver 
units have a maximum angular voltage error of 
20 sec and a maximum total null voltage of 20 
mv. The differential unit has a maximum angular 
error of 20 sec and a maximum total null voltage 
of 115 mv. Weight of the units is 4 oz. They are 
interchangeable.

Reeves Instrument Corp., Dept. ED, Garden 
City, N.Y.
Booth 1305-1307.
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ELECTRONIC DESIGN • March 16, 1960

New! 
Wait 
lootl 
í CIRi 

ELEC

two 
tion

This line of subminiature components is suit­
able for a variety of applications in computers 
and control systems. Designed especially for mis­
sile use, the modules weigh from 2 to 6 oz and 
occupy 2 to 4 cu in. They operate continuously 
in a temperature range of —55 to +80 C and 
withstand up to 10 g vibration from 0 to 2000 
cps. All applicable requirements of MIL-E-8189 
and MIL-E-5400, Class I and II, are met. The 
units available include: ac summing amplifiers, 
ac isolation amplifiers, servo preamplifiers, power 
amplifiers, electronic differentials, and other de­
vices.

Reeves Instrument Corp., Dept. ED, Garden 
City, N.Y.
Booth 1305-1307.

0.25 
sign 
mea

Scientists & Engineers—Physicists, Metallurgists, Physical Chemists, Electronic Engineers, Process 
Engineers, Application Engineers, District Sales Managers, Sales Engineers, Jr. Sales Engineers

A growth curve that sparks the imagination of any progressive individual. Right 
now, the scope and diversity of activities at Rheem Semiconductor Corporation are 
assuming impressive proportions. Some of the country’s best scientists and engi­
neers are in charge of our spacious new facilities where the research, development 
and manufacture ot semiconductor devices are constantly being expanded. Every­
thing at Rheem points to a future filled with material success and professional satis­
faction It may be possible for you to share this future. We suggest that you inquire, 
now. into the specific openings available.

Easy to install too. by conventional brazing, heli-arc welding or soldering techniques. 
FOR COMPLETE INFORMATION, catalog and spec sheets, write Ceramaseal. Inc.. 
New Lebanon Center, N. Y. or phone: West Lebanon 3-5851.

Hermetic Ceramic Terminals, Magnetron Wells, Sapphire-to Metal Seals



ervo Indicator
Provides direct readings

SES
30 C

Model SBI 201/111 miniature servo indicator 
provides direct readings proportional to the ratio 
of two de signals It can indicate the ratio of any 
two variables or of a single variable and its excita­
tion source. In typical applications, excitation 
voltage is 5 to 50 v and maximum-to-minimum 

! signal ratios are 4:1 or up to 10:1 on special or­
der. Accuracy is ±0.5% and resolution is ±0.25% 

I of full scale. At 28 v full-scale, response time is 
0.25 sec and sensitivity is 10 mv. Originally de- 

| signed for missile check-out applications, the unit 
I measures 3 in. in diameter and 7 in. in length.

North Atlantic Industries, Inc., Instrumentation 
Div., Dept. ED, Terminal Drive, Plainview, L.I., 
N.Y.
Booth 3012.

WITH
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ER 2102

DÛiM WAVE ANALV»« 

MODEL

FEATURES
i

' Signal Generators 552
Frequency range is 8.5 to 9.6 kmc

* Wide Frequency Coverage 
30 cps to 50 kc

* 160/xvto 500 v 
Full Scale Range

These signal generators are for use in the fre- 
I quency range of 8.5 to 9.6 kmc. Variable fre- 
Iquency, cw microwave sources, they are frequency 

stabilized to a tunable reference cavity'. Model 
300, designed for low-power applications, has an 

I output of 10 mw avg and a short-term frequency 
stability of 1 part in 10s. It weighs 20 lb. Model 
500 has a power output of 500 mw, a short-term 
stability of 1 part in 108, and a long-term stability 
of 1 part in 10fl. The units are suitable for labora- 
‘ory research, inspection, and testing. Other units 

S an be furnished for K, C, and S-band operation.
Strand Labs, Inc., Dept. ED, 294 Centre St., 

Newton Centre 58, Mass.
Availability: From stock.
Sooth 3007.
< CIRCLE 273 ON READER-SERVICE CARD
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♦ Narrow Band Crystal Selectivity Filters

* Convenient Operation

* Mechanically and Electrically Rugged

APPLICATIONS
The Model 2102 is used to analyze fundamentals and 
harmonics in vibrating systems and to analyze inter­
modulation products in sub-audio, audio, and carrier 
systems. It speeds analysis of hum, noise and distortion 
in recorders, amplifiers and filter networks.

CONVENIENT OPERATION
The fundamental frequency component is tuned with 
the large calibrated dial, and the amplitude of the 
fundamental is adjusted to a 0 db, or reference level. 
Tuning the dial to the frequency of each component of 
interest gives the relative amplitude of that component

CIRCLE 274 ON READER-SERVICE CARD

Basically a frequency selective vacuum tube 
voltmeter, Donner’s Model 2102 Wave 
Analyzer accurately measures the amplitude 
and frequency of each component of a 
complex input wave form, whether or not 
the components are harmonically related.

on the panel meter. The mirror-scale panel meter reads 
the relative amplitude directly in percentage of the 
fundamental, or in db below the reference level.
BRIEF SPECIFICATIONS

FREQUENCY RANGE 
FREQUENCY CALIBRATION 

VOLTAGE RANGE

VOLTAGE ACCURACY 
INPUT IMPEDANCE 

SELECTIVITY

DOMESTIC PRICE

30 cps to 50 kc 
±3 percent plus 10 cps
Full scale deflection from 160 /iv to 
500 v
±5 percent
200,000 ohms
3 db down at ±9 cps, 40 db at ±40 
cps
$645 f.o.b. factory

Write for comp/eto technical specification». Addreaa Dopt. 19-3

DonnfR COMPANY5
w CONCORD, CALIFORNIA
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MINIATURE AND
SUB-MINIATURE
CONNECTORS

A new

g—k EBHk fBBk 0[—» «»g I f J 1^1

high standard 
of connector quality 
and performance for 

Missiles, Aircraft, 
Computer and other 
Electronic Systems.

escon
connectors meet all MIL-5015 and MIL-C-8384 (USAF) 

specifications and are available in all standard sizes and contact 
arrangements.

ESCON

has the production capacity to assure fast delivery on 
both standard and special applications.

(ESCONJ
is an outstanding specialist in hermetic as well as 

standard connectors.

; ESCON J

is unusually well prepared to create custom connectors, 
maintaining complete research and development facilities for 
engineering and testing special applications.

ESCON

is able to ensure exacting control because all com-
ponents are produced and assembled under one roof.

Look to ESCON for the solution of your connector design and delivery problems. 
Write for specifications literature.

SEE US AT BOOTH IIOS THE I.R.B. SHOW.

A Subsidiary of 
|GLASS-TITE Industries, Inc.

571-9

723 BRANCH AVENUE PROVIDENCE, R. I

NEW PRODUCTS at the ire show

Servo Table 555
Voltage-to-angular position platform

Model 18A servo table is a voltage-to-angular 
position platform in two axes for subjecting verti­
cal gyros to angular positions and rate. Operation 
of the table around one axis tilts the load up to 
90 deg in either direction. The load may be 
oriented remotely through 90 deg around a ver­
tical axis allowing the second axis of the gyro to 
be subjected to the same tests. The table has a 
platform 6 in. in diameter and can handle a 4-lb 
load. It can be remotely controlled. The unit is 
suitable for missile and aircraft checkout.

Micro Gee Products, Inc., Dept. ED, 6319 W. 
Slauson Ave., Culver City, Calif.
Price & Availability: The unit can be delivered 
in 30 days and is priced at $3300.
Booth 3846.

Rack Adaptor 359
For subdividing circuitry into modular units

This picture frame rack adaptor makes it possi­
ble to subdivide circuitry into modular plug-in 
units within a single, rack-mounted assembly. 
Combinations of 2, 4, and 8-in., or one 17-in. 
chassis can be used. The adaptor mounts in any 
standard relay rack. Of rugged steel construction, 
it provides rigid support. Two heights and depths 
are available.

Alden Products Co., Dept. ED. 117 N. Main 
St., Brockton 64, Mass.
Booth 1508-1510.

North Atlantic 
Series RB500 
Ratio Boxes I!

Model RB-5Q1 
Rack mount

Measure A.C. Ratios
From -0.011111
To +1.11111...with 
accuracy to 1 ppm

With any of North Atlantic's 
RB500 Ratio Boxes you can now 
measure voltage ratios about zero 
and unity—without disrupting test 
set-ups.

And—a complete range of models 
from low cost high-precision types 
to ultra-accurate ratio standards 
— in portable, bench, rack mount, 
binary and automatic stepping 
designs —lets you match the 
model to the job.

For example, characteristics cov­
ered by the RB500 Series include:

Frequency: 25 cps to 10 kc.
Accuracy: 10 ppm to 1.0 ppm 
Input voltage: 0.35f to l.Of 
Input impedance: 60 k to

1 megohm
Effective series impedance:

9 ohms to 0.5 ohms
Long life, heavy duty switches

Name your ratio measurement 
and its probable there’s a North 
Atlantic Ratio Box to meet them 
— precisely. Write for complete 
data in Bulletin 11F

Also from North Atlantic 
...a complete line of 
complex voltage ratio­
meters ... ratio test sets... 
phase angle voltmeters

NORTH ATLANTIC
industries, inc.

EDgowood 4-1122

Seo us at I.R.E.—Booth 3833
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Drive Module
For indicator tube

TO SOLVi DIFFICULT RFI* SUICIDINO PROBLEMS

City

16, 1960 245

Rubbar at opposite end 
for combination seal

Double ended for 
adjacent panels

SPEC/At 
SHAPES

ready to develop cost reduc­
ing special Teckstrip for you

See our
Booth #4204-6
IRE SHOW 
NEW YORK

Complete corner

Sae our exhibit In Booth #4129 at IRE Show 
CIRCLE 278 ON READER-SERVICE CARO

Structural member 
between spaced portion 

of shield *

One of the unlimited 
variety ot arrangements 
* made possible with 
K\ standard, flexible 

Prem-O-Rak units

Technical Wire 
Products, ¡nc, 

48 Brown Avenue, Springfield, N. J 
Phone: D Rexel 6-3010.

TWX: MLBN, 40

Model FD100 diffused silicon switching diode 
has the following characteristics at 25 C: capaci­
tance of 2 puf at 0 v de, reverse recovery time of 
4 mpsec, forward voltage of 1 v max at 10 ma de, 
breakdown voltage of —40 v de min, and total 
dissipation of 200 mw The diode is housed in a 
miniature glass, axial-lead package. It is intended 
for use in computer circuitry.

Fairchild Semiconductor Corp., Dept. ED, 545 
Whisman Road, Mountain View, Calif.
Price 6* Availability: Units are available from 
stock. Production quantities have a delivery time 
of 30 days. Price is $6.50 ea for orders of 1 to 99 
units and $5 for 100 or more units.
Booth 2701-2707.

CIRCLE 277 ON READER-SERVICE CARD 
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CONTACT YOUR 
DISTRIBUTOR 
or SEND FOR 

FOLDER S-160A

_ _ ——. — r W • CT V W
Tpphmcol ff etp sPoducttf lace
48 Brown Avenue, Springfield, N. J.
Gentlemen:
Send me complete information on Standard and 
Special-Shape Teckstrip-.
Company___________________________________________________

Write today for a Problem Outline 

Sheet and a copy of the new 

Teckstrip Bulletin RF-9.

RIGIDLY CONSTRUCTED • Frame made 
of 14 gauge steel • Panel Mounting 
Angles 3/16" thick • End Panels and 
Doors made of 16 gauge steel.

This transistor drive module is designed for the 
Nixie indicator tube. The transistor driver and 
the indicator tube, called Trixie, have a readout 
comprising 10 medium-voltage npn transistors in 
a common emitter configuration. Each transistor 
drives one of the indicator tube’s cathodes. The 
modules can be triggered by 3 v at 300 pa. Tem­
perature range is —30 to -f-55 C.

Burroughs Corp., Electron Tube Div., Dept. 
ED, P.O. Box 1266, Plainfield, N.J
Price Er Availability: Price ranges from $20 to $30, 
without the indicator tube, depending on quan­
tity. Delivery is from stock.
Booth 1211-1213-1215. Basic Teckstrip, which combines a resilient RFI gas­

ket and a rigid, easy-to-install aluminum mounting 
strip, can be made in special cross-sections to solve 
difficult shielding problems. These special shapes 
make possible savings in fabricating costs and greatly 
simplify gasket installation.

Now, only from Tecknit comes a complete RFI 
gasket engineering service to aid you in the solution 
of the “impossible” problems. Staffed by outstanding 
authorities in the field, Tecknit Design Service stands

WESTERN SALES OFFICE:
] V 1485 Bayshore Blvd., Son Francisco. Cal. 

J/EXPORT DEPARTMENT EMEC
127 Grace Street, Plainview, N Y.

IN CANADA PREMIER METAL HOUSINGS, Ltd .
5810 Smart Avenue, Montreal

Silicon Switching Diode
Total dissipation is 200 mw

PREM-O-HAK
BALL-CORNERED 
MODULAR 

TRANSMITTER 
RACKS

22" and 251/2" DEEP FOR 
STANDARD 19" RACK PANELS

Designed for MULTIPLE INSTALLA­
TIONS and for use with PREM-O-RAK 
CONSOLE SYSTEMS.

PRERIER
METAL PRODUCTS CO.
337 MANIDA ST., NEW YORK 59, N. Y.
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size 5 motor generator—JUST OUT! Built-in Damping Cuts 280

“VISIT US AT THE I.R.E. SHOW—BOOTH 1805’*
CIRCLE 279 ON READER-SERVICE CARD

Here it is . . . the smallest—and lightest—motor generator combination in the industry today. And 
you can get it with the new Size 5 Gear Train, too. Weighing a mere 1.1 oz., the Size 5 

develops a minimum stall torque of 0.11 oz. in. and has a free speed of 10,000 rpm. Units 
are available for 400 cycle operation with 26 or 33 control phase winding. The control phase 

is split for operation directly with transistor amplifiers.

Write for complete specifications. And be sure to get all the details on our new synchro line. Daystror 
Transicoil Division, Worcester, Montgomery County, Pa. Phone: JUno 4-2421.

In Canada: Daystrom, Ltd., 840 Calendonia Rd., Toronto 18, Ont.
Foreign: Daystrom International Division, 100 Empire Street, Newark 12, N.J.
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Vibration of Structural Members.
Structural members and assemblies can now be 

designed and produced to solve specific problems 
of extreme shock and vibration. This is accom­
plished by building high damping characteristics 
right into the structural fabrications. The ampli­
fication of resonant vibration is reduced by using 
this built-in design technique.

Called Rigidamp, these structural members are 
said to have a usual resonant response ranging 
from only 5 to 10 times the excitation vibration 
throughout the frequency range met in modem 
dynamic environments. They have an extremely 
flat vibration response up to 2000 cps and this fre­
quency can be exceeded in most cases. This is in 
sharp contrast to the high vibration amplification 
of conventional structures.

*
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Damping Achieved by Laminated or
Cellular Construction

The materials attain their high damping action 
by either special laminated or cellular construc­
tion. The laminated process is used with sheets 
and thin rectangular section beams. Laminates are 
made of conventional materials, either metal or 
plastic, and separated by a viscoelastic damping 
medium (Fig. 1).

In flexing under impressed vibrations, the lami­
nations slide relative to each other. This sliding is 
impeded by the specially formulated viscoelastic 
material, and most of the energy of resonance is 
absorbed in straining the viscoelastic layer in 
shear.

Other structural shapes such as I-beams, chan­
nels, and angles are of cellular construction (Fig. 
2). Longitudinal cells are formed throughout the 
length of the member. Each cell contains an insert 
separated from the cell walls by the viscoelastic 
damping material.

For equipment and systems already designed, 
where vibration is causing problems, strip 
dampers of cell-insert construction are used (Fig. 
3). These “fixes” reduce the resonant response of 
conventionally fabricated equipment, and are 
ideal for damping longitudinal structures.

Fig. 1. Viscoelastic damped laminated sheet. Lami­
nates are of conventional materials, either metal or 
plastic.
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Fig. 2. Rigidamp structural members. Viscoelastic 
medium between cell and insert absorbs dynamic 
energy when beams flex under impressed vibration.

According to the company, Rigidamp construc­
tion is the first practical development of the theory 
in which:
■ All portions of the structural fabrication act as 
load carrying members.
■ Materials and structures can be designed in all 
frequencies normally encountered in modern dy­
namic environments.

Rigidamp Structures Have Electronic Applications
Possible applications of Rigidamp structures are 

electronic circuit boards, electronic chassis, 
shelves, dust covers, text fixtures, relays, and other 
parts. Mounting shelves for electronic equipment 
in a high performance Navy aircraft have been 
built by the company. Manufactured in produc­
tion quantities these pioneer assemblies have 
proved in service to be capable of satisfactory 
operation in dynamic environments where con­
ventional design techniques were unable to meet 
specifications, the company claims.

However, high damping gains are compensated 
by losses in other areas. A viscoelastic damped 
member or structure has less load carrying capac­
ity than conventional members of the same mate-

(continued on page 248)

Transistor-regulated Power Supplies for 
critical Commercial and Military applications

Now, first time ever . .. Power Sources, Inc., presents units backed by 
a full 5-year (all components-included) warranty! New low prices on 
low voltage power supplies featuring outputs of 6-36 volts, 
current ranges from 5-30 amps, high voltage power supplies 
at the lowest prices ever for precision transistor-regulated supplies 
in this power and voltage range (30-330 volts, to 1.5 amps).
Half the size, half the weight of comparable tube-type supplies. 
both lines fully short-circuit protected, 15" deep to fit standard 
19" racks, and guaranteed to meet published specs.
Note: all units available with meters at slight extra cost.

Fig. 3. Strip dampers on beams on left offer means of 
fixing" the resonant response of conventionally de­
igned structures.

Specifications
Low Voltage High Voltage

Model 
PS4305

Model 
PS4315

Model 
PS4330

Model 
PS4221

Model
PS4231

Model 
PS4222

Model
PS4232

Voltage Range (VDC) 6-36 6-36 6-36 30-210 120-330 30-210 120-330
Current Range (Amps) 0-5 0-15 0-30 0-.8 0-.8 0-1.5 0-1.5

Regulation Against 10% Line change 
0 to full load

.025% 

.025%
.025% 
.025%

•025% 
.025%

0.1%
0.1%

0.1%
0.1%

0.1% 
0.1%

0.1% 
0.1%

Impedance (Ohms) DC to 100KC .1 .02 .02 .4 .4 .2 .2
Ripple (RMS) in Millivolts 1 1 1 2 3 2 3

Panel Height 5%* W 8%' W W W W

ELECTRONIC DESIGN • March 16, 1960

Write for 
complete 

specifications
POWER SOURCES, INC
BURLINGTON, MASSACHUSETTS

247



INDIANA SERVICES FOR DESIGNERS

GENERAL
Printed Circuits

a new symbol of magnetic progress

This is Indiana General Corporation

iiîHi!

248

AUTOMATIC 
DIRECTION FINDER 
Ferramic ‘E'’ mag­
netic core materi­
al helped engi­
neers create a new 
concept in aircraft 
antenna design.

If your product involves magnets or ferrites, Indiana General can help you make it better.
Visit us at the IRE Radio Engineering Show, booths: 1310-12-14-16

LOUD-SPEAKER
Indox V ceramic 
permanent mag­
net provides high 
energy level . . . 
reduces speaker 
length and weight.

Computing Service 285

Establishment of the Douglas Computing Ser­
vice to sell excess computing machine time out­
side the company has been announced by the 
Douglas Aircraft Co. The available computing 
equipment includes: IBM 709, 704, 701, and 650 
computers as well as IBM 722 tape-to-card, IBM 
720 card-to-printer, IBM 717 card-to-printer, IBM 
714 card-to-tape, the Univac file computer, and 
the Univac tape printer. A scale of hourly rates 
has been established for each type of machine.

Douglas Computing Service, Douglas Aircraft 
Co., Inc., Dept. ED. General Offices, Santa Mon­
ica, Calif.

rial and cross section. Also, structural damping 
imposes a slight increase in weight. But because 
many designs are based on dynamic stress level, 
Rigidamp designs may not require increases in 
weight or cross section.

Special techniques and application knowledge 
are required in order to achieve optimum results. 
For these reasons, the company does not plan to 
market the damped structural members as mate­
rials, but will provide design and fabrication serv­
ices to solve specific problems.

Barry Controls, Inc., Dept. ED, 700 Pleasant 
St., Watertown 72, Mass.

MEMORY SYSTEM
New microstack 
unit for coincident 
current memory 
systems saves 90% 
of space required 
by conventional 
stack, yet is more 
reliable.

CORPORATION 
VALPARAISO, INDIANA 

CIRCLE 282 ON READER-SERVICE CARD
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Members of trade associations, professional 
societies, and other interested organizations can 
now obtain speakers to discuss the design, appli­
cations, and utilization of printed circuits. W. J. 
McGinley, President of the Institute of Printed 
Circuits, has announced that such speakers are 
available from a new speakers bureau developed 
by the IPC. Members of the IPC are available as 
speakers in most major cities.

Institute of Printed Circuits, Dept. ED, 27 E. 
Monroe, Chicago 3, Ill.

Wire and Cable Design 284

Times Wire & Cable Co., Inc., announces an 
expansion of wire and cable engineering services 
that embraces all mechanical and electrical phases 
of the design and manufacture of electronic con­
ductors. The company is now equipped and 
manned to handle design problems from de to X- 
band, and through voltage and current handling 
encompassing virtually all requirements of the 
electronics industry’.

Times Wire & Cable Co., Dept. ED, 358 Hall 
Ave., Wallingford, Conn.

MAGNETRON
Powerful Hyflux 
Alnico V magnets 
improve perform­
ance in many 
types of micro­
wave equipment.

Two established leaders — Indiana Steel Products and 
General Ceramics — Combine to Serve You Better

This trademark is the calling card of a new leader in science-age 
materials — Indiana General Corporation. It is bom of a union between 
two established leaders — The Indiana Steel Products Company in 
permanent magnets ... the General Ceramics Company in ferrites and 
memory systems. Together, as Indiana General Corporation, they serve 
you better by placing at your disposal the brains and resources of two 
scientifically oriented concerns. Research and development have been 
the backbone of both of the original companies; both have records of 
significant achievement in their particular fields.

Indiana General can help you “design-engineer” your products with 
the latest magnetic innovations. If you have a design problem, the 
Indiana General sales engineer in your area will be most happy to 
advise you. And, behind him, our experienced scientists and design 
engineers are available for consultations — at no cost or obligation. 
Write us outlining your problems.

INDIANA STEEL PRODUCTS DIVISION Valparaiso, Indiana • Metallic and Ceramic Permanent Magnets

GENERAL CERAMICS DIVISION Keasbey, New Jersey * Ferrites. Memory Products. Technical Ceramics and Chemical Stoneware

ADVANCED VACUUM PRODUCTS (Subsidiary) Stamford, Connecticut • Alumina Ceramic-to-metal Hermetic Terminals

STEARNS MAGNETIC PRODUCTS DIVISION Milwaukee, Wisconsin • Magnetic Matnrlais Handling and Separation Equipment

THE INDIANA STEEL PRODUCTS COMPANY OF CANADA LIMITED Kitchener, Ontario • Permanent Magnets and Stainless Steel Castings
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Computing Coefficient of Coupling
Donald Moffat

Motorola, Inc.
Western Military Electronics Center 

Phoenix, Arizona

Coefficient of coupling of an rf transformer can be calculated from Q-meter 
measurements. As a convenience for the designer, the method is reviewed here 
by Mr. Moffat, and nomograms are provided for solving the equations. To use 
the Mutual Inductance method, an additional nomogram is given.

(text begins on page 250)
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vein can h 1
Rehabilitation of the crippled is not ac* 

complisbed in a day, a week or a month. It is 
a constant ¿earn process bringing together 
skills of medical science, abilities of thera* 
piste, understanding and guidance of other 
professional specialists and capable lay 
workers.

Moreover, it is a team that needs you. 
Since 1921 the Easter Seal program has 
been one of expansion in facilities and in 
numbers served because thousands of gener- 
ous Americans recognized that through this 
all-inclusive teamwork, the handicapped 
have found a fuller, richer life.

Become a team member by sending your check TODAY.

National Society 
for Crippled Children and Adult* 

2023 W. Ogden Ave., Chicago 12. Ill.

100 
Ci

Nomogram 1. Coefficient of coupling, given two resonant capacitances.
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Computing Coefficient of Coupling (cont.)

T HERE ARE two ways to calculate the 
■ coefficient of coupling of an rf trans­

former from Q-meter measurements, and 
both start the same way. Leave one wind­
ing (call it the secondary) open and find 
a frequency fi to resonate the primary 
with external capacity Ci. Then short the 
secondary.

First Method

To use the first method, leave the fre­
quency unchanged and find a new ca­
pacity C2 to resonate the primary. Co­
efficient of coupling is given by

40-

30-

20-

IOt

8

6

4-

3-

2-

f2

To solve this equation on Nomogram 1, 
simply join Ci and C2 with a straight line 
and read k where the line crosses the cen­
ter scale. The range of values of the ca­
pacitors can be extended by multiplying 
both C scales by the same number.

Second Method

In the second method the capacity, Cb 
is left unchanged and the primary is re­
resonated with a new frequency, f%. Co­
efficient of coupling is given by.

On Nomogram 2, a straight line be-

0.5
Eo.l

I “

r0.7
7 0.8

0.95

L0.99 
k

Hyspersyn

Conventional hysteresis motor

Need a 
motor 
with 
excellent 
damping?

Critical damping in a hysteresis synchronous motor is 
just one of the outstanding features of Hyspersyn* 
motors. Fast acceleration followed by vigorous pull-in 
torque can synchronize large loads. Full load efficiency 
of 80% assures cool operation from a small power sup­
ply. Constancy of angular velocity is less than one-part- 
in-a-million drift over a week’s running time.

Investigate the advantages of Hyspersyn motors for
your equipment. *PAT. APPL. FOR, TRADEMARK

enisco
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BEKEY 
ELECTRIC 

DIVISION

2233 Federal Avenue • Los Angeles 64, Calif. 
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#1464 
2-75 mmf.

#1951 
.8 -35 mmf.

MANUFACTURING CORP.
18 Rockaway Valley Rd., Boonton, N. J.
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#1875 
.5-5 mmf.

#1975 
.6-14 mmf.

RELIABLE! - JOHANSON'S SEALED 
VARIABLE AIR CAPACITORS

• High Q
• Low temperature coefficient
• Mechanically rugged

H rite for complete information

CIRCLE 288 ON READER-SERVICE CARD
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Nomogram 2. Coefficient of coupling, given two resonant frequencies.
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Computing Coefficient of Coupling (cont.)

tween /i and f2 crosses the center scale at 
the correct value of k.

Although measurements for both 
methods are usually done on a Q-meter, 
it is sometimes more convenient to use a 
grid dip meter for the second method. 
Because there will be dips for both wind­
ings, the grid dip meter should be used 
with care, so as to identify each dip with 
its corresponding winding.

An example:
With the secondary open, a trans­

former is resonated with 45 ppf. The sec­
ondary is then short-circuited and, at the 
same frequency, the primary resonates 
with 60 ppf. On Nomogram 1 draw a 
straight line from Ci = 45 ppf to C2 = 

60 ppf and read k = 0.5 where the line 
crosses the center scale.

Because of approximations in the equa­
tions, reliability of the results is question­
able for coefficients of coupling less than 
0.2.

Mutual Induction Method
An entirely different method uses the 

inductances of both windings and the mu­
tual inductance.

k =
On Nomogram 3 draw a straight line 

from Li to L2. From the point where this 
line crosses the turning scale, draw a line 
to M and extend the line back to the k 
scale. ■ ■

HIIUIIIIIIIIIIIIIIIIIIIIIItlllllllllllllHItllllllllllllllllllllllllllllllllllllllllllllllllllllltlllllllllllllllllllllltlllllllllllllllllllllllllllllllllllllllllllllllllllllltlllllUlllllllllllllllllllllllllllllllllllllllllllllllllllllllllltllllllllllllllllllllllltllllllllllllllllllllllllllllllllli

Every part that goes into a modern-day missile system 
must pass a rigid battery of tests and a thorough sta­
tistical screening to insure highest possible reliability 
in action.

That’s why we’re pleased to announce that Bristol 
Syncroverter choppers play an important role in guid­
ance of the U.S. Army hawk missile, produced by 
Raytheon Company, Waltham, Mass., prime contractor 
for the complete hawk weapons system.
Billions of operations. Bristol Syncroverter* choppers 
are ideal for applications requiring the utmost in sta­
tistical reliability. The Bristol life-test lab has now had 
miniature Syncroverter choppers run­
ning for years without failure-both 
with and without contact load. Just one 
sample: five choppers with 400-cycle 
drive and 12v, Ima, resistive contact 
load have completed 26,000 hours (2.96 
years) continuous operation-over 37- 
billion operations!

An extremely wide variety of stand­
ard models is available—including ex­
ternal coil low-noise types. For com­
plete data, write: Aeronautical Compo­
nents Division, The Bristol Company,
151 Bristol Road, Waterbury 20, Conn. actual size
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AUDIO DEVELOPMENT COMPANY
Minneapolis 7, Minnesota2835 -13th Avenue South

TRANSFORMERS • REACTORS • FILTERS • JACKS * PLUGS • JACK PANELS

I DO

10,000 100,000

Transformer A in the chart will deliver 
ten times more hours of dependable 
performance than transformer B. An 
engineer designing for reliability over 
a long period will want transformer A.

CIRCLE 290 ON READER-SERVICE CARD
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Transformer A and B are 
identical in appearance. They 
can both pass electrical 
inspection tests. The quality of 
the materials, workmanship, 
and design are all hidden from 
view so that no physical 
inspection can be made. So 
how do you tell? Which is 
A, and which is B?

The best way to tell is to 
know the manufacturer. If 
you’re not already a customer 
we’d like to number you 
among those who know from 
experience that they have 
transformer reliability inside, 
when it says ADC on the 
outside. Over 15,000 custom 
transformer designs in nearly 
25 years have proven beyond 
a doubt that long life just 
plain runs in the ADC family.

See us on the main floor 
Booth ##1623 at the IRE Show

ADC

Recording Heads 291
Specifications and mounting arrange­

ments of approximately 60 different de­
signs of standard recording heads ap­
pear in this four-page bulletin. Digital 
heads, analog heads, and special heads 
are dealt with. Applied Magnetics Corp., 
Box 368, Building 304, Santa Barbara 
Airport, Goleta, Calif.

Power Supplies 292
Airborne transistorized power supplies, 

models TPC-18A and 19A, are described 
and illustrated in this two-page data 
sheet. The units are designed for re­
placement of D-10A dynamotors as the 
power supply for aircraft communica­
tions and navigation receivers. Ap­
plications, schematic drawings, and speci­
fications are included. Southwestern 
Industrial Electronics Co., A Div. of 
Dresser Industries, Inc., 10201 West­
heimer Road, Box 22187, Houston 27, Tex.

Etching Printed Circuits 293
Booklet No. Q-24, entitled “Industrial 

Uses of Kodak Photo Resist,” contains 
complete instructions for the use of the 
firm’s etching materials in printed circuit 
applications. The products are used 
where extreme definition with copper 
plates or copper laminates is required. 
Graphic Reproduction Sales Div., East­
man Kodak Co., Rochester 4, N.Y.

Radar and Communications 294
An airborne manual and panoramic re­

ceiver, missile electronic program genera­
tor, air to ground transceiver, and a 
mobile communications center are some 
of the systems illustrated in this 19-page 
brochure. Radar systems featuring size 
and weight reduction, transistorized X- 
band radar and transponder beacons are 
included. Military communications proj­
ects are illustrated by photographs and 
line drawings. Designers for Industry, 
Inc., 4241 Fulton Parkway, Cleveland 9, 
Ohio.

Transistors 295
Electrical and mechanical data, and 

performance design characteristics for a 
series of pnp silicon alloy transistor are 
covered in three bulletins, two pages 
each. The transistors, types 2N1440, 
2N1441, and 2N1442, meet the require­
ments of JEDEC 30 and MIL-T-19500 A. 
Design characteristics include 200 C 
junction temperature, device dissipation 
of 400 mw at 25 C and 170 mw at 125 C. 
The components are designed for low 
level amplification, small signal and 
medium power applications. National 
Semiconductor Corp., Danbury, Conn.

Servo Analyzers 296
Block diagrams, performance details, 

and a list of applications for the 200 se­
ries of servo analyzers are included in 
this four-page brochure. Details are 
given relative to direct readout and auto­
matic plotting capabilities which pro­
vide frequency in cps, phase angle in 
degrees, and amplitude ratio in db. 
Metrolog Corp., 169 N. Halstead St., 
Pasadena, Calif.

Metals and Alloys 297
Lists of metals and alloys for the semi­

conductor field, and high-purity metals 
for special solder applications appear in 
this six-page catalog. Phase diagrams 
and charts of the elements are also in­
cluded. The materials come in micro­
form spheres, dots, washers, ribbon, or 
wire made to individual requirements. 
Anchor Alloys, Inc., 968 Meeker Ave., 
Brooklyn 22, N.Y.

Pulse Generator 298
Complete specifications, in addition to 

a photograph, of model 4120B pulse gen­
erator appear in this one-page data sheet. 
The unit is a source of medium power, 
has modular circuitry, and has a repeti­
tion rate that may be internally or ex­
ternally controlled, or operated single 
shot. Electro-Pulse, Inc., 11861 Teale 
St, Culver City, Calif.
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I Molded Plastics
A value analysis approach to the de- 

I sign and purchase of plastic parts and 
components is presented in this eight­

'S I page illustrated brochure. Standard stock 
j I knobs that are made by the firm are also 

described. Write on company letterhead 
re I f0 Ch*cag° Molded Products Corp.,

I Dept. ED, 1020 N. Kolmar Ave., Chicago 
os I 5i, in.

e- I
L I
q I RF Chokes and Coils 299
•n I Electrical parameters for the complete
3. I line of Variable Inductors are given in
w I this two-page data sheet. The coils are
d I available in a range of inductances from
al I 0.1 ph to 4700 ph in 29 overlapping

ranges. They are designed for printed 
circuit board mounting. Nytronics, Inc., 
Essex Electronics Div., 550 Springfield 

I Ave., Berkeley Heights, N.J.

s, I
I Wire and Cable Charts 300 

n (
e I Four color-coded data charts contain 
)_ | composite information on wires, cables, 
). I and power cords. A specification sheet, 
n diameter and wall thickness sheet, 
). Il weight sheet, and price sheet are in- 

l eluded. All are 8-1/2 x 11 in. with uni­
versal binder punch. Hatfield Wire & 
Cable Div. of Continental Copper & 
Steel Industries, Inc., Hillside 5, N.J.

7
l’ ! Speed Recorder 301

n I Industrial applications, principles of 
s I operation, and general specifications of 
- I type HF multi-range strip chart speed
i. I recorder are given in this four-page
r I booklet, No. GET-2741-3A. A schematic 
j. I of the instrument and a description of 
,, I available accessories are included. Gen­

eral Electric Co., Schenectady 5, N. Y.

3 । Anodizing Aluminum
3 I This booklet, entitled “Questions and 

I Answers About Anodizing,” gives infor- 
- | mation on the cost of anodizing alumi- 

I num, the forming of anodized parts, the 
I imount of heat anodic films can with- 

- 1 itand, and the effect of anodizing upon 
2 I the dimension of a part. Write on com- 
3 H »any letterhead to Reynolds Metals Co., 

Dept. ED, Richmond 18, Va.

> ELECTRONIC DESIGN • March 16,

Timing and Computer Systems 302
Three data sheets describe the ZA- 

26211 airborne time code generator, an 
all transistorized unit with an accuracy of 
one part in 105; the ZA-23833 search and 
control system; and the ZA-25159 com­
puter format converter for converting 
radar data into magnetic tape or NRZ 
format. Electronic Engineering Co. of 
Calif., Technical Literature Section, 1601 
E. Chestnut Ave., Santa Ana, Calif.

Pioneers in Electricity
“Ten Founding Fathers of the Electri­

cal Science,” the 48-page illustrated 
monograph on electricity's pioneers by 
Dr. Bem Dibner, fellow of the AIEE, is 
now being offered in a reprinted version. 
The men whose biographical sketches ap­
pear in this book are Dr. William Gilbert, 
Otto von Guericke, Benjamin Franklin, 
Alessandro Volta, Andre Marie Ampère, 
Georg Simon Ohm, Karl Friedrich Gauss, 
Michael Faraday, Joseph Henry, and 
James Clerk Maxwell. Copies are avail­
able at $1.00 each from the Bumdy Li­
brary, Dept. ED, Norwalk, Conn.

Laminated Plastics 303
Two copper-clad, flame retardant lami­

nated plastics are described in bulletin 
No. 3.1.25.1, two pages. Fireban 321-R is 
a rolled copper foil material; Fireban 
321-E has the copper foil electrolytically 
deposited. Taylor Fibre Co., Norristown, 
Pa.

HF Driver and Network 304
Bulletin No. SB1018, two pages, de­

scribes and illustrates the LE30 driver 
and LX3 dividing network. The units in 
conjunction reproduce the entire upper 
half of the audio spectrum. James B. 
Lansing Sound, Inc., 3249 Casitas Ave., 
Los Angeles 39, Calif.

Paper Tape Accessories 305
Models PR-1 auxiliary photoelectric 

paper tape reader, PR-2 multi-code high­
speed tape reader, and PTP-1 auxiliary 
paper tape punch are described in this 
two-page data sheet. Bendix Aviation 
Corp., Computer Div., 5630 Arbor Vitae 
St., Los Angeles 45, Calif.

1960

adds up!

voltron
PLUS

provides accuracy s of ± ¥2% in

Just as API plus Voltron produces the most
accurate and reliable Meter Relay available. It can monitor and control any 
electrical variable that is measurable . . . offers many new advantages.

• 4 to 10 times greater accuracy and reliability
• 10,000,000 make-break cycles, with 100% perfect contact
• Low current and voltage inputs required
• Eliminates problem of load isolation in measuring circuits

RON
Get complete data from either firm ...

ASSEMBLY PRODUCTS, INC. Chesterland, Ohio
VOLTRON PRODUCTS, INC. 1020 S. Arroyo Pkwy., Pasadena, Cal
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Epoxy Resins 308

anc
309

semicon

• Uniform Quality
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Semiconductor Directory
Expanded to 36 pages, this

l-S Beryllium Copper contacts provide 
important advantages both electrically 
and mechanically. They offer designers 
and engineers the increased reliability 
required for today's most critical appli­
cations. Custom made contact springs 
of the types illustrated are produced eco­
nomically in large quantities by means 
of automatic tooling. I S engineers are 
available to help work out your contact 
problems and will gladly make recom­
mendations on receipt of your applica­
tion data; no obligations.

HOPKINS
polystyrene film 
capacitors

beryUI 
electri

Increase 
Dependability 

of Your 
Miniature 

Sockets and 
Terminal 
Boards

-for critical circuits requiring 
high stability and close tolerances

MICRO-PROCESSED FOR 
COMPLETE RELIABILITY

In these Hopkins capacitors, you get a typical long-term stability to .1% 
per year, and a temperature coefficient of 120 PPM per degree C. Toler­
ances are available down to ±1%, with guaranteed accuracy.
High insulation resistance—1,000,000 megohms is typical. Dielectric 
absorption is very low—only .05%. Units are manufactured under close 
quality control to insure utmost reliability.
Available as film-wrapped types, and in all case styles in hermetically 
sealed brass tubes, bathtubs, and decades. Rated .001 to 1.0 mfds., 
100 to 600 VDC. Higher values to customer specifications. Send for 
catalog C104 A. wmm* ^¡7

VISIT 
BOOTH 4313 
IRE. SHOW

• Excellent Electrical
Characteristics

• Precision Accuracy

• Freedom from Fatigue

• High Efficiency at 
Elevated Temperatures

9 Corrosion Resistance

12900 Foothill Blvd.. San Fernando. Calif Tel EMpire I 3691
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This 28-page illustrated booklet dis­
cusses Scotchcast brand resins as an insu­
lation system. A section on “Techniques 
and Tips on the Use of Epoxy Resins" 
tells how to store and prepare resins; ex­
plains handling, application and curing 
techniques; discusses molds and mold re­
leases, and suggests methods of compo­
nent design and preparation. Minnesota 
Mining & Manufacturing Co., Dept. 
WO-10, 900 Bush Ave., St. Paul 6, Minn.

Mercury Thermostats 311
Three types of mercury thermostats are 

described in this 18-page catalog: the 
well-type for sensing case temperature, 
the duct-type for gas or fluid temperature 
sensing, and the surface-type for area con­
tact sensing. Specifications include tem­
perature settings, contact ratings, operat­
ing voltage, and dielectric strength. The 
catalog also contains outline drawings and 
mounting instructions. Vapor Heating 
Corp., Vap-Air Div., 6420 W. Howard St., 
Chicago 48, Ill.

Request your copy 
of the IS catalog 
on beryllium cop­
per compression 
springs, flat 
springs, strip 
springs, contact 
strips, contact 
rings and screw 
machine parts. 
Send drawings 
•nd specifications 

for quotations on 
your specific re­
quirements.

ductor directory provides a comprehen­
sive listing of the latest in diodes, tunnel 
diodes, rectifiers, germanium transistors, 
and silicon transistors, xv ith selected 
schematics for industrial circuit applica­
tions. All major manufacturers and types 
are numerically listed complete with 
specifications, applications, and prices. 
The directory is suitable for loose-leaf in­
sertion. Lafayette Radio Corp., 165-08 
Liberty Ave., Jamaica 33, N.Y.

Miniature Batteries 31 )
This illustrated eight-page bulletin de­

scribes the Silvercel battery system in 
general, and lists specific data for tl e 
20xPA50 automatically activated primai y 
battery, and tvso types of rechargeai ) e 
batteries. Data listed in bulletin No. 
Z-101 includes electrical, physical, en­
vironmental, and ty pical application cha - 
acteristics, as well as discharge curves. 
Yardney Electric Corp., 40-50 Leonard 
St., New York 13, N.Y.

CO • INC
270 Bergen Blvd., Little Falls. N. J. g/ Jp

Telephon«: CLifford 6-3500 ÄüJBi
»tanuuM cow
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otentiometer 313

Sta., Long

Servo Systems 314

317Fused Quartz Products

HT105
Audio Bandpass Filters 315

extruded vinyl tubing

Quickott to Handln.

Eatioit to Aitomblo.

L. FRANK & SONS
Simplest to Mount and Extend.

255?60

MD pres-SURE-blocks—DESIGNED for

QUICK Assembly and EASY Changes

Data sheet No. 701, one page, lists six 
models of audio bandpass filters designed 
for alternate band separation use. A table 
gives typical characteristics of each model 
at 1.5 db bandwidth and 35 db frequen-

Stepar Place, Huntington 
Island, N.Y.

Selenium Rectifiers
Bulletin No. 287A, four

Write for Bulletin ELD-3 
Booth 2341
I. R. E. Show

New York-Mar. 21-24

NORRISTOWN, PENNSYLVANIA 
CIRCLE 319 ON READER-SERVICE CARD
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cies as well as shape factor and dimen­
sions. Control Electronics Co., Inc., 10
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A conductive plastic potentiometer 
tiled the Acemho is described in this 

bulletin containing full electrical and 
i lechanical specifications. The unit is 
available in both standard servo and bush­
ing configurations. Ace Electronics Assoc., 
hie., 99 Dover St., Somerville 44, Mass.

This special report, eight pages, illus­
trates how the Servolab packaged as­
sembly of electronic and electromechani­
cal components permits students to build 
and test their own servo systems. Formula 
derivation and practical application are 
demonstrated. Photographs and diagrams 
show how a number of servo systems can 
be demonstrated quickly in a few steps. 
Servo Corp, of America, 111 New S. Road, 
Hicksville, Long Island, N.Y.

scribes the firm’s line of selenium recti­
fiers. Included are a description of the 
stack coding system, a computation table 
for stack dimensions, and cell rating tables 
for both convection and forced air cool­
ing. Typical performance characteristic 
curves are also shown. Radio Receptor 
Co., Inc., Selenium Div., 240 Wythe Ave., 
Brooklyn, N.Y.

Products made of pure fused quartz 
and silica are illustrated and described 
in this 30-page catalog. Introductory 
pages give electrical and mechanical 
data, and dielectric properties of Vitreo­
sil. The rest of the catalog is divided into 
two classifications, Laboratory Ware and 
Industrial Ware. Thermal American 
Fused Quartz Co., 18-20B N. Salem St., 
Dover, N. J.

»«•*•***'

ANY NUMBER OF CIRCUITS — pre­
assembled lengths of 20 snap fit circuits 
(1-1/8" w. x 63/64" h.). No single 
pieces to handle, pull off or add circuit 
groups as needed. Single snap-on end 
section completes block.

HAND ASSEMBLED without hardware; 
only 2 parts to handle; use mounting 
screws only every 12 circuits. Channel 
mounting also available; integral or sep­
arable marking strips.
LARGER CAPACITY IN LESS SPACE—#22 
thru #8; conservative 750 volt A.I.E.E. 
rating • •• Choice of contacts (7/16" 
O.c.) for stripped or terminal-ended 
wires (can be combined in single 
block).
LENGTHEN IN SERVICE without removing 
mounting screws or losing contact space.

USE FEWER CIRCUITS by grouping com­
mon wires—decrease jumpering; no un­
used contacts.

Tubular contacts fully ap­
proved by U.L. Blocks fully 
approved for 600 V by C.S.A.

ELECTRICAL PRODUCTS CORPORATION 
HILLSIDE, NEW JERSEY 
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^ere ... try it! This is Markel high temperature tubing, 
extruded of non-migratory polymeric-plasticized resins—a product 
from the Line of Excellence—Markel-made to meet these tough 
specifications for insulating (or mechanical and chemical) tubing:
• non-flammable; U/L-approved for applications up to 105°C • dielectric strength, 
more than 700 v/mil • tensile strength, 2700 psi • low temperature flexibility, 
to —30°C • oil resistance, flexible indefinitely when immersed • crystal-dear in all 
sizes, #24 to 1 Vi" • colors, up to 10 standard in many sizes.

Try it; you’ll stay with it. What do you need—Markel sample file? 
—prices? —test lengths? Call, write, or wire; you’ll get action.

SINCE 1 922

Source for excellence in
Insulating Tubings, Sleevings, and Lead Wire
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3-phase
50 VA
Power Supply

Ultra-stable, fine line characteristics — the

kind you need and can depend on, are in ELIN’s latest 3-phase

50 VA Power Source! Voltage and current sensing on each leg pro-

Output Voltage ±0.1%. Output Frequency ±0.1%. Output Regu-

lation 0.1% Line to Line. Output Distortion 0.2%. Load Power

Factor up to 0.3 inductive. Write for ELIN Technical Data —today!

precision power oscillators / voltage calibrators/multi-phase power supplies

International Electronic Research Corporation
145 West Magnolia Boulevard, Burbank, California

vide super-regulated output. Delta and Wye connections are at rear 

panel. Input Voltage, 105-125V, single phase. Input Power 225W.

Coaxial Cables 321
Coaxial cables of semi-air-space de­

sign, and for use at 300 and 500 C, arc 
described in this 28-page technical re­
port. The report, which was presented at 
the Eighth Annual Symposium of the 
Communication Wire and Cable Section 
of the United States Signal Engineering 
Labs, contains complete specifications of 
the cables, and explains fully the steps 
followed in their development. Perform­
ance curves illustrate temperature and 
frequency characteristics, and dielectric 
power factors and strengths. Phelps 
Dodge Copper Products Corp., 300 Park 
Ave., New York 22, N.Y.

Transformers 322
Catalogs S-105 and CT9-59 carry de­

tailed listings of stock transformers for 
military, communications, radio, TV, and 
power circuit applications. Included are 
specifications for many units for transistor 
applications. Chicago Standard Trans­
former Corp., 3501 W. Addison St., Chi­
cago 18, Ill.

PROTECT
DUST-SENSITIVE 

OPERATIONS

with MICROWO®* Dust Hoods

Dust can be disastrous! Particularly 
during assembly, potting, inspec­
tion, storage of semiconductors, 
servomechanisms, relays and the like 
. . . products even ’’clean rooms” 
can’t adequately protect.

Optically transparent MICRO­
VOID enclosures provide almost 9 
cubic feet of dust-free research and 
production space. A "screen” of 
moving air—filtered to 0.5 micron

• Trademark

INDUSTRIAL DIVISION

HATBORO,PENNSYLVANIA

CIRCLE 324 ON READER-SERVICE CARO
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Fusion Sealed Capacitors
Fusion sealed glass capacitors tl at 

meet all requirements of MIL-C-11272A, 
MIL-STD-202, and MIL-STD-202A, (re 
described in this four-page booklet. Chi r- 
acteristics include voltage rating, tempeia- 
ture coefficient, tolerance, and insulation 
and moisture resistances. The booket 
also contains performance curves and 
tables. To obtain reference file No. CE- 
1.01, write on company letterhead to 
Corning Glass Works, Electronic Compo­
nents Div., Dept. ED, Bradford, Pa.
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Plastics Table of Properties 323
Properties for nine thermoplastic mate­

rials are given on this table. Properties 
shown include: tensile, impact flexural 
and compressive strength; resistance to 
sunlight, water, weak and strong acids 
and alkalies; dielectric short-time strengths 
and constants; power factors; machining 
qualities, harness, flexibility and thermal 
properties. Cadillac Plastic & Chemical 
Co., 15111 Second Ave., Detroit 3, Mich,
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diameters—positively prevents dust 
from entering work area.

Moderately • priced standard 
MICROVOID Dust Hoods available 
for prompt delivery. Special types 
accommodate scopes or large instru­
ments. Amber "Plexiglas” types 
shield against ultra-violet radiation. 
GET COMPLETE FACTS by writ­
ing today or call OSborne 5-5200.
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329
sizesRelay Magnetic Amplifier 327

for MINIATURE and

SUBMINIATURE PRODUCTION SOLDERING JOBS

the NEW, American Beauty
BANTAM series

’A* TIP

TIP
204 B
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SYNCHRO 
POSITIONER

also de 
Electro

COMMAND 
SIGNAL 

RECEIVER

COMMAND 
SIGNAL 

GENERATOR

AUTO PILOT 
CONTROL

Soldering Iron
A low-tension, miniature soldering

Shown below ore other 
shapes and tip-size irons 
available in the BANTAM 
"X" series.

Self Locking Nut
Bulletins No. 3002 and 3003 list

and dimensions for the Tru-Lok self lock­
ing aluminum nut. The bulletins contain 
temperature, strength-to-weight, and re­
usability data. Waltham Precision Instru­
ment Co., 221 Crescent St, Waltham 54. 
Mass.

acteristics and accessories are 
scribed. Perkin-Elmer Corp., 
Optical Div., Norwalk, Conn.

bulletin No. 794-1, two pages, gives 
c( nplete data on model HR-94 XY re- 
cc der. The unit offers direct differential 
tr nsformer or ac transducer input. The 
data sheet contains a functional block dia- 
gr. in. Houston Instrument (’orp., Box 
22234, Houston 27. Tex.

7443 West Wilson Avenue • Chicago 31, Illinois

\ series of theodolites used to obtain 
azimuth accuracy of inertially guided bal­
listic missiles is described in this eight­
page brochure. Specifications for four 
models include nominal range, azimuth 
rotation, azimuth monitoring range, and 
linear sway tolerance. Operational char-

cuits, de double bridge circuits, snap 
action or bi-stable characteristics, and 
magnetic amplifier thermistor systems. The 
six-page bulletin also describes models 
701, 706, 711, and 761 relay magnetic 
amplifiers. Acromag, Inc., 22519 Tele­
graph Road, Southfield. Mich.

for use on printed circuit boards, transis­
tors and diodes, under a loupe or magni­
fying glass, and on subminiature assem­
blies, is described in this data sheet. 
Accessories for the Ersa-Minitype are also 
described. Caig Laboratories, 46 Stan­
wood Road, New Hyde Park, Long Island, 
N.Y.

This is one of the many applications for the Stepper 
Motor — a device for translating electrical pulses 
into accurate, bi-directional, incremental shaft dis­
placements.
The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com­
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function.

Bulletin No. 70 has 10 schematic dia­
grams and graphs describing the design 
and application techniques of single­
ended magnetic preamplifiers. Some of 
the topics covered are: ac doubler cir-

Designed vith 50 watt input, these tine 
soldering irons will give greater productiv. 
ity and do industry'* most exacting solder­
ing jobs easier, faster, better. SLOTTED 
STAINLESS STEEL CASINGS MAKE 
THE HANDLES REALLY COOL, ending 
operator complaints. There’s no waiting 
or fumbling with these light, flexible tools 
— they’re always ready. American Beauty 
soldering irons are known the world over 
for their dependability, durability and 
efficiency. Learn more about these fine 
soldering tools today.

CANT „AT A “I»«“ CONNtC„o*

WRITE FOR DESCRIPTIVE CATALOG SHEET, FORM NO 222-CT

CIRCLE 330 ON READER-SERVICE CAED
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STEPPER
SYNCHRO POSITI

Accuracy: Within 6 min. of arc 
when driven by either motor.

Incremental shaft rotation: 2 
degrees.

NOW in 50 WATTS

R 0 WEST COAST 11879 W FLORENCE AVE CULVER CITY, CALIF
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Aluminum Foil Capacitors 333

SLIP RINGS .
folding ¿peci/diât fcMÛ
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k INERTIAL GUIDANCE 
I INSTRUMENTS 

F RADAR
SWITCHING

Specifications and performance charac­
teristics of miniature and subminiature 
aluminum foil capacitors are described in 
this eight-page bulletin, No. 81558. Op­
erating factors include de leakage current, 
dissipation factor, capacitance and toler­
ance, operating temperature range, de 
working voltage rating, and surge voltage. 
Standard rating and selection charts for 
aluminum encased and ceramic encased 
capacitors are given in the bulletin. In­
ternational Electronic Industries, Inc., 
Box R 23, Nashville, Tenn.

Plastic Sheets, Tubes, and Rods 335
Applications, special and detailed c1 ar 

acteristics, and available sizes of over 50 
grades of laminated plastic sheets, tu >es, 
and rods are given in this 16-page cata­
log, No. 2B Gen. Included are pheno ics, 
silicones, melamines, and epoxies x ith 
filler bases of paper, nylon, cotton, asbes­
tos, and glass fabric. Also shown are prop­
erties of copper clad laminates for printed 
circuits. General Electric Co., Laminated 
Products Dept., Coshocton, Ohio.

Headsets 336
Insulating Material 334

c P
Se 

de a 
tre. y 
pei fc 
3965 
un ms 
Co.,

ENGINEERING — RESEARCH — PRODUCTION: 
Electro-Tec’s experienced engineers have made major 
contributions to the state of the art... exclusive electro­
deposition technique employs pure precious metals, 
guaranteeing the utmost in contact integrity, perform­

ance, and reliability.Three plants assure the reliability of multiple source of 

supply.Write for information on miniature components ta 
complete giant assemblies designed to meet the most 
stringent electrical, mechanical and environmental 

specifications. •PAT, NO. 2,696,570 and ofh.r patents pending

This two-page data sheet discusses 
electrical, chemical, and physical proper­
ties of Rexolite 2200, a reinforced 
thermosetting plastic insulating material 
designed for use at ultra high and micro­
wave frequencies in both wet and dry 
locations. The sheet includes curves for 
dissipation factor, dielectric constant, and 
attenuation. Rex Corp., West Acton, Mass.

Moving-coil dynamic headsets are de­
scribed and illustrated in this two-piige 
data sheet. Wiring changes in the three 
circuit jack permit use of the headsets 
for series, parallel, monaural, binaural 
or stereo listening. The bulletin includes 
data on ear cushions and microphones 
Permadyne Div. of Melody Master Man­
ufacturing Co., 2149-51 W. Roscoe St. 
Chicago 18, Ill.
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whales in a name?

NEW MARK II RELAY
The First Wedge Action Relay

Insures ULTRA-reliability under most extreme environ­

mental and operating conditions.
Revolutionary WEDGE ACTION supersedes and sur­

passes “wiping action."
• Temperature range: — 65° C. to 200° C.

• Contact bounce: NONE.Operating vibration: 5 fo 2,000 cps, 30 GY

Operating shock: 100 G.
• Contact rating: dry circuit Io 2 ampj.

• Extremely low contact resistance.PAT. NO. 2,866,046

Visit Booth 1929 at the IRE Show

Your name

has a name

A switch has a name

gives you identity. A tool 

A part has a name’

Everything

Write for illustrated literature.

ELECTRO-TEC CORP.. . ““
P. 0. B0X37B, SOUTH HACKENSACK, N. J. • BLACKSBURG, VA., ORMOND BEACH, FLA.
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in your plant has a name, from who

works for you to the 

these names permanently

Engrave all

with unskilled labor by

VISIT BOOTH #4035 IRE SHOW

iu>u hernies ENGRAVING MACHINE CORP 15^e YORK^U ^Y^

Sood tor booklot KT 3
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338

Insulation Blankets 339

342Power Supplies

340Potentiometers
at the

HOOVER
ELECTRONICS COMPANY

IRE Show Booth: No. 38^

HOOVER
ELECTRONICS COMPANY
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Field Liat non Engineer» 
Lot Angelet, California

tics, coil data, dimensional drawings, and 
photographs. Beckman Instruments Inc., 
Helipot Technical Information Service, 
2500 Fullerton Road, Fullerton, Calif.

in radiography installations. BJ 
tronics, Borg-Warner Corp., 3300 
port Blvd., Santa Ana, Calif.

110 WEST TIMONIUM ROAD • TIMONIUM, MARYLAND

See them at the IRE Show, March 21-21 . . . or ask for the literature and specification sheets,

inted 
lated

Elec- 
New

Series 7230 ten-turn potentiometers for 
servo-mounting are covered in this four- 
page data sheet, No. 60150. They are 
rated at 2 w and 65 C, derating to 0 at 
125 C. Included are complete preliminary 
specifications, environmental characteris-

eries TS tantalum slug capacitors are 
dt cribed in bulletin No. 159. The elec­
tro y tic capacitors meet the physical and 
peiformance requirements of MIL-C- 
391 5B, and are available in insulated and 
uninsulated styles. Ohmite Manufacturing 
Co, 3693 Howard St., Skokie, Ill.

u >es, 

cata- 
o ics

This four-page bulletin, No. 6019, con­
tains results of thermal tests conducted by 
the firm. The thermal conductivity of 
various metals, insulating materials, and 
other miscellaneous materials, are listed. 
Electrofilm Technical Service, 7116 
Laurel Canyon Blvd., N. Hollywood, 
Calif.

Radiation Monitoring 341
Automatic monitoring of gamma and 

beta radiation using model DZ14 radia­
tion supervisor is discussed in this book­
let. The unit may be used to monitor back­
ground in low level counting rooms, in 
working areas of “hot' laboratories, and

Lucius Cuppingtori introduces . . -

VERN1TEL, heart of 
hoover’s new FM/FM 
telemetering system that 
prolongs the life of FM/FM 
systems now in use, 
improving their accuracy 
by a whole order of magnitude

The PI series of miniaturized all solid 
state power supplies is covered in this 
two-page data sheet. In addition to speci­
fications, voltage, current, and dimen­
sions are given for seven models in the 
series. Load and line regulation data also 
appears in the bulletin, No. PS2013. Del- 
tron Inc., 2905 N. Leithgow St., Philadel­
phia 33, Pa.

e de-
■page

Herpes Zoster introduces . . .

hoover’s new Transistorized 
Subcarrier Oscillator, for 
FM/FM telemetering circuits, 
offering a linearity within 
0.3% of band-width and a 
frequency stability 
within 1.5%.

CIRCLE 343 ON READER-SERVICE CARD
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Count Vladimir Butts Binswinger shows . ..

hoover’s new Mixer
Amplifier, the palm-sized 
part of the Vernitel system that 
helps FM/FM telemetering 
systems live beyond their 
income, by prolonging 
their lives amazingly:

.dseb 
iural 
ludes 
iones. 
Man­
e St.

Sir Joshua Wormwood Scrubbs offers ...

hoover’s new Millivolt 
Transistorized Oscillator that

• eliminates DC amplification
/ from telemetering, allowing

fewer and smaller packages
। and an end to one

source of error:

SIGMUND COHN 
CORP.



versatile 
tool 

for system
design 

engineers

• Solves differential equations by 
ROOT LOCUS plots.

• Provides BODE pha»e and gain 
plots from system poles and zeros.

• Synthesizes compensation networks.

• Evaluates residues.

• Factors polynomials.

• Analyzes sampled data systems.

• Solves non-linear problems involv­
ing hysteresis or saturation by the 
describing function technique.

• Designs process control systems.

• Derives process transfer functions 
from power density spectra.

• Uses rapid, logical pole-zero pro­
gramming.

* Provides permanent, plotted graphs 
for all stages of dynamic system 
design.

NEW LITERATURE

Electroforming 346

'Current Uses for Electroforming—a 
Manual for Designers, Engineers, and 
Manufacturers” is an illustrated techni­
cal handbook that incorporates the latest 
technical information on electroforming, 
the process of building a structural part 
by electro-deposition. Included in the 32- 
page manual are chapters on what the 
electroforming process is, where it is used, 
“do’s and don’ts” for designers, and charts 
and tables of engineering data. Allied 
Record Manufacturing Co., Allied Re­
search & Engineering Div., 6916 Santa 
Monica Blvd., Los Angeles 38, Calif.

Potentiometer 347
Specifications of the model 215 po­

tentiometer appear in this two-page data 
sheet. The component comes in three 
terminal configurations: stranded teflon 
insulated leads, solder lugs, and printed 
circuit pins. Standard resistances, specifi­
cations, and dimensions are given in the 
bulletin. Bourns, Inc., Trimpot Div., Box 
2112, Riverside, Calif.

I PI i!
I T

Variable Resistors 3481 ties,

Type 2W wirewound variable resis ors I 
are described in four-page bulletin \'o. |fI1 

A-3b. Dimensional drawings, eleetr cal I m( 
and mechanical specifications, L and TI ^1 
pad controls and performance specif ea-1 ’
tions, and a table of standards for flat ed I 
and slotted shafts are included. CTS oil 
Asheville, Inc., Skyland, N.C. IRe t

I M
I test :

Silicon Zener Diodes 349■ volta
I scrib

Bulletin No. SR-260 presents a listing I æg 
of silicon Zener diodes in standard If 
RETMA decade listings. Included is the I 
complete tabulation of 5%, 10%, and 202 l^za 
standard tolerance types currently avail-1 
able. The bulletin, six pages, contains | 
dimension drawings, derating of power I 
dissipation vs ambient temperature I 
graphs, and typical reverse voltage chai I Th: 

acteristics graph. Zener diode substitu-1 c^uri 
tion boxes and voltage reference packs itransl 
are illustrated. International Rectifier! crys^ 
Corp., Product Information Dept., 152113^01 
E. Grand Ave., El Segundo, Calif. I ^r,K

-Available new!
THE NEW TELREX CATALOG 
AND TECHNICAL DATA BOOK

A complete analog computer that increases system design productivity more than five 
fold at a net price less than the yearly salary of a design engineer. The Esiac rapidly 
solves generalized system equations expressed in the following forms;

or c
F=± Ksni> (1 --r)ni (1 51

«L

See us at 
Booth 1317 

Radio 
Engineering 

Show!

Telephone collect to discuss your system design problems with an Esiac engineer. 
Write for descriptive engineering bulletins, Esiac solutions to system design problems, 
or an Esiac demonstration in your plant

■■■■■■■ SEND FOR DESCRIPTIVE LITERATURE

See it demonstrated 
MARCH IRE SHOW

Booth 3010-3011

Electro Scientific Industries 
7524 SW.MACADAM • PORTLAND 19, OREGON 

CHerry 6-3331

ELECTRO-MEASUREMENTS, INC.

Reserve ! 
your copy!

Just write us on 
your company let 
terhead; your free 
copy will be sent 
as soon as avail­
able. Please ad­
dress requests to 
Dept. TC.

ESI has outstanding oDDO'tunities for design and applications engineers Call or write Mr. Davis. 
CIRCLE 345 ON READER-SERVICE CARD

260

A veritable handbook on antennas and I 
systems everyone in communications, commercial 

or military, will find informative and helpful. Complete 
information on everything from antennas and 

---- towers to rotation and indication systems. I
W Communication and TV Antennas ^TClfCX LABORATORIES I

- - —* ASBURY PARK 41, NEW JERSEY. USA
CIRCLE 350 ON READER-SERVICE CARD
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Pldstics 711
his 16-page booklet outlines proper­

ties, applications, and availabilities of 
pk stic mill shapes and machined parts, 
tubing and hose, sintered plastic parts, 
molding resins, and coating materials. 
The Polymer Corp., 2120 Fairmont Ave., 
Reading, Pa.

Rectifier Analyzer 712
Model 141A rectifier analyzer, a 20-amp 

test set with forward current and reverse 
voltage independently adjustable, is de­
scribed and illustrated in data sheet No. 
106, two pages. Specifications and per­
formance curves are included. Wallson 
Assoc., Inc., 912-914 Westfield Ave., 
Elizabeth, N.J.

PDM Telemetry 713
This 12-page, two-color illustrated bro­

chure, No. 935, describes a commutator, 
transistorized pulse-width modulator, and 
crystal-stabilized transmitter designed for 
airborne PDM telemetry systems. The 
brochure includes detailed electrical, en­

vironmental, and physical characteristics 
in addition to outline drawings. Tele­
Dynamics Inc., 5000 Parkside Ave., Phila­
delphia 31, Pa.

Coating Machine 714
Model HD-2, an automatic spray 

coater, is described and illustrated in this 
two-page data sheet. The machine ap­
plies a continuous coating of resinuous 
compositions, such as epoxy compounds, 
to electrical and electronic components 
having coaxial leads. Conforming Matrix 
Corp., 476 Toledo Factories Bldg., To­
ledo 2, Ohio.

Molded and Laminated Plastics 715
Insurok molded and laminated plastic 

sheets, rods, tubes, and fabricated parts 
are covered in this eight-page catalog, No. 
20.000.13. Tables list physical, electrical, 
and mechanical properties, in addition to 
bonding strength, suggested uses, and 
general characteristics. Photographs illus­
trate the materials as used for printed 
circuitry and electronic components. The 
Richardson Co., 2731 Lake St., Melrose 
Park, Ill.

Welcome . . .
. . . to Booth 2733-2735, 1960 Radio 
Engineering Show, New York Coliseum, 
March 21-24. A complete lion of 
sensitive relays.

NEW! ENGRAVED 
Dpep-Kut” 
PIN a PEG STAMPS 
are better than 
ordinary rubber 
3 ways..............

* INGRAVED D—p-Kut is Acid-Proof

* INGRAVED D—p-Kut Stamping gives 
Razor-Sharp impressions every time

* INGRAVID D—p-Kut has 
cushion-like resilience

Engraved Deep-Kut stamp faces are 
adaptable to any marking device. 
They can be used to stamp on
every surface, metal, wood, the krengel 
fabric, paper, plastic, etc. inspection pocket

| KRENGEL MANUFACTURING CO., INC. Tel. CO 7-5714 Dept. ED 
| 227 Fulton St., New York 7, N. Y.

। Please check the following
J FREE ENGRAVED Deep Kut r~| COMPANY ..................................................................

I Sample A Price List ।—।
| STREET ...........................................................................

I' Please have salesman call I I
for appointment ।—। CITY ......................... ZONE ... STATE ...

STAMP THE PIN & PEG

VISIT OUR BOOTH 

NUMBER 4227 

AT THE

I.R.E. SHOW

New York Coliseum

March 21-24

CIRCLE 716 ON READER-SERVICE CARD

UCTRONIC DESIGN • March 16, 1960

SIGMA
SIGMA INSTRUMENTS, INC.
91 Pearl St., So. Braintree 85, Mass.

AN AFFILIATC OF TUB FlSHCA-PieRCB CO. (*!»«• 1«3»)

CIRCLE 717 ON READER-SERVICE CARD

2611961
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sis

field structure is common to both armature wind­
ings, the ratio of voltages developed is determinee 
entirely by the ratio of active conductors in these

High L-
Voltage 
Commutator

the machine, the field is automatically excited. 
The high-voltage armature winding provides the 
output.

By reversing the direction of power flow, it is 
possible to obtain an output from the low-voltage

Fig. 2. Operated in reverse, the dy 
namotor supplies a low-voltage 
high-current load from a standard 
high-voltage power supply.

High 
Voltage 
"B" 

Supply

:ig. 3 
dynam

DESIGN • March 16, I960

® ° "5 3 
Q. 
E

o

§
«2?

Fig.
winding. Excitation is obtained from a high- notor । 
voltage supply, as shown in Fig. 2. Because the

ç o

Dynamotor Power Source Supplies

?V) °

>£ £

o' 
03

if

»3

■ Mi

SEVERAL amperes of well-filtered de power 
with a continuously variable output voltage 

can be obtained from a de conversion generator, or 
dynamotor. Such an energy source is very useful 
when working with power transistor circuitry or 
servo amplifiers.

An examination of one of these dynamotors, 
Fig. 1, reveals that the field is excited in shunt 
with the low-voltage armature winding. Thus, 
when power is applied in the normal fashion to

Input

Low I
Voltage C

Fig. 1. In normal dynamotor opera­
tion, a low-voltage, high-current 
input is converted to a high-voltage, 
low-current output.

_ -1

v Voltage ------------------ -L

■o
Field

Low Voltage
Com mutator

High Voltage 
Commutator

High J 
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I 
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— - I
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FRICTION ELIMINATED TO ACHIEVE
365 V

290 V

FOR SPRING RESTRAINED200 V

ACCELEROMETERS

LINEAR

ACC
IIHIM

FULL SCALE RANGE

ndard

263I960

lined

these

TYPE LA-700 
shown actual size

TYPE LA-600 
shown actual size

feature combined with an 
electro-magnetic pick-off 
permits resolutions of ex­
tremely low level inputs.

These two instruments 
span the entire range of 
dynamic performance.

:ig. 3. The regulation curves for a reverse operated 
dynamotor, connected as in Fig. 2.

The LA-600 with its magnetic damping is used 
for higher natural frequency applications. T he 
LA-700 with its compensated fluid damping is 
designed for lower natural frequency applica­
tions. Write for Bulletins LA-600 and LA-700 to 
Minneapolis-Honeywell, Boston Division, 40 
Life Street, Boston 35, Mass.

LECTRONIC DESIGN • March 16, 1960

ige level was set by adjusting the output varies 
nth load, it was found to be satisfactorily constant 
or the current range needed. If more stringent 
pei ifications were imposed on the regulation, a 
uitable feedback circuit couid be designed to 
egulate the output.
There are several advantages in using a dyna- 

lotor to obtain the low-voltage energy’. First, 
ie output voltage can be easily varied by ad- 
isting the level of the de voltage applied to the 
igli-voltage commutator. Second, because the ac 
omponent appearing in the output is mostly high 
equency ripple, filtering is not difficult. The rip­
le can be reduced to a low level with a simple 
asli filter. Also, because only commonly avail- 
)k items are used, this low-voltage source is rela­
ve! y inexpensive and easily built.
Jack Bacon, Ohio State University, Columbus,

• Full Scale Range: ± 1 to ±60 G

• Full Scale Output: to 25 volts

• Threshold-Resolution: 0-0001 G
• Damping Ratio: 0.6 at 25' C typical

• Natural Frequency: 5 to 30 cps

• Cross-Axis Sensitivity: 0 005 G per G maximum

• Shock: to 100 G

• Vibration; 15 G to 2000 cps

• Size: 2%j” diameter, 27u long

• Weight: 1 2 lbs. maximum

bindings. It is virtually independent of the field 
urrent. However, the field current determines the 
notor torque and speed. In general, high field 
urrent is associated with low* armature speed 
md vice versa. Residual magnetism in the steel 
)oles insures that the motor is self-starting.

Used as shown in Fig. 2, the dynamotors do 
lot have their full rated power handling capacity. 
This is because additional power must be sup- 
ilied to account for the inefficiency of the machine. 
Respite the reduced rating, sufficient output can 
till be obtained to make the reverse method of 
iperation useful.

I Fig. 3 shows the results of such operation. The 
notor used was manufactured by Eicore. It was 
ated at 14 v, 6.4 amp input. 330 v, 150 ma out- 
)ut. With the rated high-voltage current of 150 
na, only about 3 amp could be drained from the 
ow-voltage end, illustrating the unit’s reduced 
)ou er handling capability.

Because of internal resistance in the machine, 
he output voltage falls off practically linearly 
vith increased load. In each case, the output volt-

Thc virtual elimination of friction in both these 
new' Honeywell linear accelerometers is made 
possible by a unique wrcb spring suspension. This

dg E R I N G

Y je ATr

3 15 2.0 2 5 3 0
Output Current (Amps)

Honeywell
I NHTMu since loss Q y "

CIRCLE 719 ON READER-SERVICE CARD

• Full Scala Range ± 1 to ±40 G

• Full Scale Output: to 25 volts

• Threshold-Resolution: 0.0001 G
• Damping Ratio: 0.6 ±.2 typical from ~65 F to +250 F

• Natural Frequency: 16 to 100 cps

• Cross-Axis Sensitivity: 0.005 G per G maximum

* Shock: to 60 G

• Vibration: 10 G to 2000 cps

* Size: 1 % diameter, 2%’ long

• Weight: 1.2 lbs. maximum
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New Bendin

BACKWARD-WAVE
OSCILLATOR TUBES

OPERATE IN
FREQUENCIES

LOAD FROM 40 KMC/S

rendered
trolled delay systems; delay

O62Í rang

See us at IRE Show, Booth 1902 LOAD
ELECTRON TUBE PRODUCTS

AMPLIFIER

CIRCLE 720 ON READER-SERVICE CARD
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motor commutated, rugged­
ized variable delay lines; 
microwave delay lines; lines 
matched to high simularity; 
very high delay accuracies,

Sene 
quot 
advit

Microwave 
Bandpass 
fc 9 kmc

Variable, 
Lumpen Constant 

Rectilinear 
Delay: 0 to 
20 /iSOCS.

Audio Bandpass 
ff 1.05 kes to 

52.8 kes

taper and highly miniaturized 
printed circuit lines.

Weight. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 oz.'i
‘Without magnet (tube only). Magne 
are available.

Variable, rotary commutating 
oelay: 0 to 3 /<secs

Low-Level Signal Gate Circuit Relies 
On Diode Conduction Potential

Variable 
Magnetostrictive 

Delay: 2 to 
500 psecs

Maximum Diameter 
Length . . . . . . . . . . . . . . .  
Mt anting Position

( RCLE
M CTR(

VISIT US AT « 
N.Y. IRE SHO* 
BOOTH 2228

Available types
Type TE-75 with frequent 

range of 40 Kmc to 50 Km 
Type TE-67 with frequent) 

range of 49 Kmc to 59 Km 
Type TE-66 with frequenti] 

range of 61 Kmc to 71 it”’ 
Type IE 71 with frequenti!

range of 65 Kmc to 75 Kr I

Fig. 1. Signals, or noise, below the diode conduction 
potential will not be passed to the load because of the 
bucking action of the transformer secondary windings.

remote con

C.E.C/s Filter Engineering Dept, offers 
standard and special design filters to 
customers requirements. This includes 
special variations in passband width, 
impedance, frequency response and 
attenuation to meet the required spec­
ifications. C.E.C. covers the entire 
spectrum from the audio frequencies 
through the microwave region, with 
low, high, bandpass, and RF filters.

ENGINEERS: Tow career 
start» 99 a high« platform aft C.E.C

eliminated by inserting a resistor R2 in series with 
the VR tube sufficient to off-set the negative re­
sistance component. In practice, this resistance, 
which actually may improve the regulation, is 
usually about 100 ohms. It is preferable, however, 
to use about twice the minimum resistance re­
quired and to raise the VR current by lowering 
the series dropping resistor.

Lawrence G. Cowles, Electronic Design Engi­
neer, The Superior Oil Co., Bellaire, Tex.

ELECTRONIC DESIGN • March 16, 19

Eliminating VR Tube Oscillations
In a plate supply filter it is sometimes necessary 

to use a VR tube regulator shunted by a large ca­
pacitor. The capacitor is required because pulses 
of energy may be desired, as in a thyratron circuit, 
which cannot be supplied through the VR tube 
dropping resistor, R^. However, since a VR tube 
and shunt capacitor form a relaxation oscillator, it 
is often assumed these cannot be used in parallel.

The relaxation oscillations occur because the VR 
tube, especially at low currents, has a small 
equivalent series resistance. The oscillations are

The new line of Bendix® 
Backward-Wave Oscillator 
Tubes generates microwave 
energy at extremely high 
frequencies never before 
available.

These new tubes provide 
a wide range of usable fre­
quencies for applications in: 
advanced types of multi­
channel telephone and tele­
vision systems, high defini­
tion short-range radar, highly 
directive communications] 
microwave spectroscopy and] 
other fields where low power! 
voltage-tuned millimeter! 
wave-length radio frequent 1 
energy is required.

For more detailed info I 
mation on these tubes, writfl 
to: ELECTRON TUBE PROD-1 
UCTS, RED BANK DIVISION! 
BENDIX AVIATION CORPORA-I 
TION, EATONTOWN, N. J. I

MECHANICAL DATA I 

Output I
Flange .Special adapter to RG-98il 

. (RG-97/U for TE-751A null bucking configuration and diode clamp­
ing circuit provide a gate which will not pass low- 
level signals or noise, but which will pass higher- 
level signals virtually undisturbed. Since this 
method does not use vacuum tubes, or additional 
batteries, it is especially useful for transistor ap­
plications.

The circuit operation is illustrated in Fig. 1. 
The signal is impressed on the transformer pri­
mary. The secondary windings are bucking each

Division
West Coast Sales & Service: 117 E Providencia A«> 
Burbank, Calif. • Export Sales & Service: Beni 
International Division, 205 E 42nd St., New York V 
N. Y. • Canadian Distributor: Computing Devices « 
Canada, Ltd., P. O. Box 508, Ottawa 4, Ontani

CIRCLE 721 ON READER-SERVICE CARD

ELECTROMAGNETIC & MAGNETOSTRICTIVE ‘ 
k Fixed, Tapped and Variable 

DELAY LINES
AUDIO, HIGH FREQUENCY 

AND MICROWAVE .

x FILTERS >

CIRCUITRY.

YOUR COMPLETE 
SOURCE FOR DELAY 
LINES, FILTERS AND

Control I
Ten Stepar Place

Bendix 
Craftsmanship 
at work for you

LECTRONICS VO., INC.
Huntington Station, New York



BATTERY

Fig. 2. Low-level gating can be obtained with resistive 
coupling and a battery to vary the clamping potential.

ALWAYS A 
WINNING 

HAND—WHEN 
YOU SPECIFY

ndix® 
llator 
>wave 

high 
efore

DIODE

2.580

PATENT PENDING

LECTRONIC 
CONTROL 
METER

4.180
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1.390
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Epoxy cast units resulting from 
C-A-C design engineering:

SATURABLE REACTORS
Pulse transformers;
DC to DC converters
400 cycle power transformers.

Can be subminiaturized within 
performance limits. Terminal ar­
rangements to meet requirements. 
Mil. Specs. Fast Delivery.
Send us your specifications for 
quotations and/or engineering 
advice.

See us rd the 
IRE Booth 

2809-2811

AT W
SHOW

28

other and the diode acts to set a clamping action 
across the winding 2. Resistor R develops the 
clamping voltage across the diode and limits the 
current flow through it. Low-level signals, or 
noise, below the diode conducting voltage cause 
no clamping action. The signal potentials gener­
ated in coils 2 and 3 cancel so that no potential 
difference appears at the load. As the signal level 
is increased above the level of the diode forward 
voltage drop, diode current flows through resistor 
R on the positive segment of the signal. This 
causes an unbalance in signal between transformer 
coils 2 and 3 and a half wave rectified signal ap­
pears at the load, proportional to the signal am­
plitude. A sine-wave load signal can be obtained 
by placing a second diode in parallel, but re­
versed, across the diode shown. The clamping 
potential can be varied by selection of the type 
of diode, by adding diodes in series or, if an 
exact value is required, by the addition of a poten­
tiometer and battery in series with the diode.

Fig. 2 illustrates a biasing circuit using resistive 
coupling. Two clamping diodes and potentials as 
described will allow a satisfactory sine-wave out­
put, although the cross-over section of the sine­
wave will be missing.

Metallic diodes are recommended in this circuit 
but vacuum-tube diodes will function if the Edi­
son current through resistor R is balanced out. 
For optimum performance, resistor R should have 
the same impedance as the secondary winding. 
However the resistance value is not critical. Elec­
trostatic shielding between windings is desirable.

The complete details of these circuits can be 
obtained by referring to patent number 2,867,735 
issued January 6, 1959.

Edwin N. Kaufman, Litton Industries, Beverly 
Hills, Calif.

Model 2545

Operates WITHOUT Contacts at the 
Switching Points!

• ONLY MINIATURIZED CONTROL METER ... now available without 
contacts.

• MORE RELIABLE SWITCHING . . . with elimination of contact re­
sistance, arcing and corrosion. Signal does not depend on pointer 
contact.

• FULL-SCALE USE ... of indicating meter always available, regard­
less of control point settings.

• MORE ACCURATE READINGS . . . with indicating circuit com­
pletely isolated from the switching circuit.

• SIMPLEST SYSTEM . . . with no need for pull-in or locking coils 
and no re-set mechanism.

• EXTERNAL ZERO ADJUSTER

• Automatic Process Control
• Missile Check-out
• Nuclear Instrumentation
• Machine Tool Control

MODE! 254a

Boon* if SH°W
H NO. 2813

Switching is accomplished by a metal shield attached to the pointer 
passing between 2 mutually coupled coils of a self-contained, tran­
sistorized oscillator-detector-amplifier. Positions of the 2 control 
points are manually set by means of external arms. Provides the 
same scale length as conventional 4%" meters. Accuracy held to 
±2% of full-scale for de and ±5% for ac.

FOR ENGINEERING DATA SHEETS ON ELECTRONIC CON­
TROL METER AND: Side Indicators; PA" Ruggedized Meters; 1" and 
PA" Panel Meters; PA" VU, and Db Meters; Sub-Miniature 
Rotary and Lever Switches; Miniature Multitesters.

eia 
n Ben* 
York fl 

evices 8
O-oi

ARD 1

COMMUNICATION 
ACCESSORIES 

COMPANY
F LEE S SUMMIT, MISSOURI

Don't miss an issue 
of ELECTRONIC DESIGN; 
return your 
renewal card today.

MINIATURIZATION HEADQUARTERS

international instruments
INCORPORATED

P.O. BOX 2954, NEW HAVEN 15, CONN. • Cab/«; "INTERINST"
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MICROWAVE
approaches to

STABILITY

RELAY
C

D

R

LABORATORY FOR ELECTRONICS, INC. BOSTON. MASS.

CIRCLE 724 ON READER-SERVICE CARD
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POSITIVE 
INPUT 
PULSE

• MhMM 714 BEACON STREET
WESTERN REGIONAL OFFICE, 211 South Beverly Drive, Beverly Hills, California, CRestview 5-5327

v Ec

Miller effect is used to increase RC time constant and 
extend relay close time.
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3 different “state-of-the-art” ap­
proaches for achieving microwave 
frequency stability are utilized in the 
LFE Oscillators described below. 
Each of these instruments exemplifies 
LFE’s leadership in this specialized 
field — each will be demonstrated at 
the 1960 IRE Show, Booths 3819-21.

Write for complete specifications.

Crystal-Locked 
* Klystron Approach

a Dual Mode Reference 
“ Cavity Approach

q Crystal Multiplier
•- Approach

LFE 
MODELS

Series 820-XLK Crystal- 
Locked Klystron Source

Series 814 Ultra-Stable 
Microwave Oscillator

Model 5010 S-Band Exciter

FREQUENCY 
RANGE

S-band to K-band fixed 
frequency

27 tunable models covering 
2.5 me — 27Kmc

S band fixed frequency

POWER Approx, full klystron power Up to 500 mw @ X-band or 
1,5 w @ C-band

125 mw

1 "■  ......................................-—

SHORT-TERM 
STABILITY

1 part in 108 5 parts in 10H 1 2 cps (incidental FM)

LONGTERM 
STABILITY

1 part in 106 (24-hour period) 
Generally independent of 
environmental conditions

1 part in 106 Less than 100 kc drift over 
25-hr. period

Miller Effect Extends Relay 
Close Time

Use was made of the Miller effect to provide in 
extended time delay in a relay circuit.

A relay had to be closed, without any delay, iy 
a positive pulse. The relay was to remain clos'd 
for an extended time. For long close times, very 
large values for resistance and capacitance wt re 
required when conventional RC timing circuits 
were considered.

In the circuit shown, the tube is held cut-off by 
the bias voltage — Ec. A positive input pulse 
charges capacitor Ci; the tube conducts and closes 
the relay. The relay remains closed until the ca­
pacitor C discharges through R. However, the 
Miller effect has increased the effective capacity 
by a factor of 1 -f- A, where A is the amplifier 
gain. This serves to extend the relay close time, 
and allows the use of comparatively smaller RC 
values.

Richard Steinberg, Member of the Technical 
Staff, Hughes Aircraft Co., Culver City, Calif. SUI 
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A 
MotLogic Signal Intensifies 

Scope Display

During check-out of a digital computing system 
it became necessary to intensify the oscilloscope 
display at a particular logical time in order to pin­
point the location of certain data.

The circuit shown, when connected to the 
scope’s Z axis input, used computer derived logi 
cal signals to intensify the scope display. The in­
tensifying signal I requires a negative pulse o 
3-v amplitude or greater, referenced to ground. I! 
is applied to the input diode of the inverter ampli 
fier Ci. Previously cut-off, Qi suddenly saturates 
causing inverter stage Q2 to cut-off. The collects

CIRCLE 725 ON READER-SERVICE CARE
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LOWEST COST
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QUALITY

nicol

Silicon Crystals

KNAPIC specializes in Silicon and Germanium Crystals
it and for Semiconductor, Solar Cell and Infrared uses

CR2

ipic Electro-Physics, Inc.

Specification Sheets Available

CIRCLE 726 ON READER-SERVICE CARO

Suppressor Grid Voltage Varied for 
Constant Amplitude Pulses

S36-538 Industrial Avenue, Palo Alto, California 
Phone: DAvcnport 1-5544

Logical pulse is applied at the input of the intensifying 
circuit which drives the Z axis input.

1 logi 
lie in 
Ise oí 
ind. 11

urates, 
llecto:

Dislocation density. Knapic silicon 

monocrystals grown by a modified 

Czochralski technique' Crystal 
diameter to H’-None, to M*— 

less than 10 per sq. cm.; to 

1'4*-less than 100 per sq. cm.;

VA* to 2' less than 1000 per sq. cm.

By feeding back a proportionate signal to the 
suppressor grid of a pentode, a pulse amplifier 
was designed whose output remained relatively 
constant as the input signal varied.

The signal of pulses is applied at the grid of the 
Class A operated pentode circuit shown in the 
accompanying figure. The tube can be a 6A56 or a 
type having a similar value of suppressor grid-to- 
plate transconductance. At the plate, the positive 
side of the amplified signal is clamped to ground 
by CR^. It is then peak-detected to produce a 
negative voltage at the junction of R and C* This 
voltage is then tapped and fed to the suppressor 
grid. Since the suppressor grid voltage will vary 
directly with the plate signal, the gain of the tube 
will vary inversely with the control grid ampli­
tude. This will tend to keep the output pulse­
amplitude constant as the input-amplitude is 
varied.

Arthur M. Goldschmidt, Electronic Engineer, 
Moorestown, N. J.

(output voltage of Q2, previously at zero, drops to 
—22 v causing the scope display intensity to in­
crease greatly. When the input signal returns to 
ground, the collector voltage of stage returns 
to zero and the scope intensity returns to normal.

D. R. Shalita, Electronic Engineer, Litton In­
dustries, Culver City, Calif.

mise 
loses

astern 
iscopt 
o pin- Check These Advantages

□ Extremely low dislocation densities.
□ Tight horizontal and vertical resistivity tolerances.
□ Diameters from W to 2". Wtto 250 grams per crystal. Individual crystal lengths to 10 
□ Low Oxygen content lx IO'7 per cc., 1 x 1014 for special Knapic small diameter materid. 
□ Doping subject to customer specification, usually boron for P type, phosphorous for N type. 
□ Lifetimes: 1 to 15 ohm cm -over 50 microseconds; 15 to 100 ohm cm -over 100 micro’ 

seconds, 100 to 1000 ohm cm -over 300 microseconds. Special Knapic small diameter 
material over 1000 microseconds.

lifiei 
time,

Major manufacturers of semiconductor devices have found 
that Knapic Electro-Physics, Inc. can provide production 
quantities of highest quality silicon and germanium mono­
crystals far quicker, more economically, and to much tighter 
specifications than they can produce themselves.
The reason? Knapic Electro-Physics are specialists with ac­
celerated experience in growing new materials to specification.
Why not let us grow your crystals too?

very 
ve re 
cuits

UNLIMITED 

PRODUCTION 

CAPACITY

NO CAPITAL. 

INVESTMENT

Output amplitude is maintained constant by varying 
t e negative suppressor grid voltage, thereby con­
t oiling the stage gain.
' CIRCLE 725 ON READER-SERVICE CARD
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See us at the IRE Show—Booth 2102 £
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Miniature transformer is cast in a split Teflon-core 
with threaded mounting stud as part of encapsulating 
material.

Rack mounted with self contained power supply.

Send for comprehensive Microwave, 
IF, RF Amplifier Catalog.

— 380 OAK STREET, COPIAGUE, N. Y. G-V G-V CONTROLS INC
** LIVINGSTON, NEW JERSEY

,.30db 
<l/2db 
.. <1.5 
50 ohms

Gurley Photoelectric Pulse Generator

Rate Generator or Angle Reader
Gurley Photoelectric Pulse Generator is a shaft-driven 
device delivering electrical pulses at output terminals 
...Pulse frequency is directly proportional to shaft rpm 
...Two basic uses: as a rate generator (output fre­
quency may be read in terms of shaft rpm) or as an 
angle-measuring device (‘total angle” is determined 
by “totalizing” individual pulses). Write for brochure.

W.& L.E. Gurley
525 Fulton Street, Troy, New York

Mounting Stud Cast From 
Encapsulating Material

By casting a mounting stud as part of the en­
capsulating material, miniature transformers can 
be easily attached to printed-circuit boards. The 
material used must be sufficiently strong so that 
the stud, thread-casted, can be secured directly to 
the printed board with a nut and a lock washer.

The photo shows a transformer with its mount­
ing stud, which has been cast in a split mold of 
Teflon. An epoxy resin was used as the encapsu­
lating material. The transformer cavity in the 
Teflon was cylindrical, slightly larger in diameter 
than the stud. The stud cavity was drilled and 
tapped in the bottom of the larger cavity. The 
greater diameter of the transformer material en­
abled it to act as a collar when the transformer 
was mounted.

It was found that this mounting method could 
withstand considerable shock and vibration. Im­
portant, also, was the ease with which the mount­
ing stud could be fabricated.

R. J. Alien, Advanced Design Engineer, The 
Martin Co., Baltimore, Md.

• Heed a colleague who 
never did, and ask for your 
FREE MUELLER CATALOG 
of ELECTRIC CLIPS AND 
INSULATORS. Do it today, 
while you’re still young! 
You’ll make better connec­
tions in the future, with this 
handy illustrated index of 
electric clips for every type 
of quick test connection.

We’ve been making newer and better clips 
since 1908 and recently designed the world’s 
only truly miniaturized test clip. It’s called the 
"Mini-gator”, and is so inexpensive we’ll send 
you a free sample along with the catalog.
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CIRCLE 727 ON READER-SERVICE CARD

OCTAVE RF AMPLIFIERS

lOOOmc on request.
Typical Specifications:
Gain .....................................
Ripple .................................
VSWR Input ......................
Source, Load Impedances

for Low Noise,

BROADBAND
RECEIVING
SYSTEMS

Useful in Radar systems requiring ex­
tremely wide bandwidths such as counter­
measures, surveillance, high resolution and 
special communications equipment. Standard 
units available in octave bands from 40 to 
600mc. Broad band units are available to

CIRCLE 728 ON READER-SERVICE CARD

THE *MINI-GATOR Shown actual tizo

WRITE FACTORY-FREE "MINI-GATOR" AND CATALOG

158OH EAST 3l<t STREET CLEVELAND 14. OHIO
CIRCLE 729 ON READER-SERVICE CARD

If You Want a Thermostat That’s Rugged...

Fig 
eter 
tere

Fig. 
ferei 
ins ?i

that operates dependably at settings 
as low as-40“F. and as high as+300°F....
G V’s C8 Senes of hermetically sealed electrical thermostats

is specially designed to meet the difficult operating conditions 
of electronic and aircraft applications. Operating points, regard 
less of settings, are not changed by exposure to temperatures 
ranging from -100°F to +300°F. Shocks up to 150g for 3 
milliseconds, vibration of 25g up to 1000 cps, and vibration of 
10g up to 2000 cps do not damage these thermostats nor 
change their setting

Write for complete technical and application data

Photostats Yield Clear 
Scope-Trace Copies

Here is an accurate, inexpensive method for 
reproducing Polaroid oscilloscope photos in the 
limited quantities usually needed for engineering 
reports.

1. Photos are trimmed.
2. Photos are mounted on a sheet of 8 1/2 x 11 

black paper in the desired layout.
3. Titles, numbers, etc., are lettered on the 

paper with white ink, or
4. Alternatively, titles are typed on strips of 

white paper and pasted in place.
5. Photostats of the paste-up are made in the 

desired quantity. The paste-up is then filed 
with the master copy of the report.

This process yields beautiful, black scope traces
CIRCLE 730 ON READER-SERVICE CARD
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Long shelf life

ILOG

CIRCLE 731 ON READER-SERVICE CARD
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Resistant to acids, IP fuels and Skydrol, 
Furane’s Epoxy Solventless Varnishes are out­
standing dielectric materials that penetrate 
and insulate Dimensionally stable, 100% 
solid Varnishes 3-A and 3-B aid in eliminating 
fire hazards and allow motors to operate at 
lower temperatures, with resultant greater 
efficiency, economy and long life.

For concise technical information on these and other Furane Epoxies, call or 
write for Electrical and Physical Properties Chart On special problems, request 
our Application Questionnaire for an exact solution.

Neutral electrolyte
Low leakage current

E. L. Van Deusen, Plastic Associates, Laguna 
B ach, Calif.

Polar or non-polar 
Plain or etched foil

on white paper. They are easy to read and cer­
tainly make for a neat, good looking report.

George D. Curtis, Project Engineer, Chance 
Vought Aircraft, San Diego, Calif.

FOR FULL DETAILS on TES plug-in 
or other types of tantalum capacitors, 
write Tansitor Electronics, Inc., Dept. 11, 
West Road, Bennington, Vermont.

Low initial viscosity, ability to gel readily at 
150°- 200°F, and a pot life of approxi­
mately 30 days make Furane’s Solventless 
Varnishes easy and economical to use Ap­
proved on MIL Specs, they have outstanding 
resistance to both thermal and mechanical 
shock.

E ECTRONIC DESIGN • March 16, 1960

Operate at surge temperatures up to 125C 
with some voltage derating.

MORE CAPACITANCE, LESS WEIGHT - Combined volume of 
40 TES Capacitors equals that of large paper capacitor which 
far outweighs them. But combined capacitance of TES capac* 
¡tors is 24,000 microfarads to only 4 for paper capacitor.

Fig. 1. By stretching the rubber core, different diam 
eter wires are inserted and gripped firmly in this in 
foresting terminal design.

Rubber-Core Terminals Hold Wires 
Securely

Poorloss
Electronics Center, Inc. Radio Distributors Inc.

211 West 19th St. TANSITOR DISTRIBUTORS 92*93 Merrick Road 
New York 11, N. Y. Jamaica 33, N. Y.

AL 5-4600 RE 9-6080

Clamp-on, screw-on or other metal-to-metal 
terminals for fast, temporary' connections can 
cause trouble when the wires to be clamped are 
of difficult diameter. Often the larger wire springs 
open the holding device. Used on breadboards, 
such clips or screw7 terminals may be susceptible 
to vibration or shock.

With a new terminal consisting of a gold 
plated eyelet and rubber core, wires of different 
diameters are gripped firmly. To insert a compo­
nent lead, the rubber core is stretched upward, 
leaving space to slip the wire against the side 
of the eyelet. Releasing the core presses the wire 
firmly against the gold-plated surface. Vibration 
and shock immunity7 are exceptionally good.

furane plastics, incorporated
DEPT E0 4516 BRAZIL STREET • LOS ANGELES 39, CALIF. • CHapman 54151

Visit our I. R. E. Show booth — #4050
CIRCLE 732 ON READER-SERVICE CARD

NEW TANSITOR TANTALUM CAPACITORS 
PROVIDE MORE CAPACITANCE, LESS WEIGHT

Both leads of these new TANSITOR TES-type capacitors 
emerge from one end. So, only one seal is required, with conse­
quent savings in length.
Welded leads are completely encapsulated too. Hence, soldering 
can be done close to the end of the capacitor without damaging 
the welds. Space savings up to 50% are thus possible.
Applications? Printed and transistorized circuits for miniatur­
ized military or commercial electronic equipment are typical.

CHARACTERISTICS

. . for Impregnating
Motors, Transformers and Wire-Wound Devices

Fig. 2. The terminal cells are shown supporting dif­
ferent wires on a breadboard layout. Wires are easily 

inserted with no soldering or screw-turning required.



IDEAS FOR DESIGNPROTECT & CONTROL IS YOUROnDiNG

YOUR PRODUCT WITH BEST SOURCE
FOR

CIRCUIT BREAKERS

MANUFACTURING COMPANY

CIRCLE 734 ON READER-SERVICE CARD

270

Series »rip — 
Overload Relay

Overcurrent Cir­
cuit Breaker

ELECTRONIC DESIGN • March 16, 1960

Evaluate how E-T-A can economically 
simplify your design—-

269 Craig St. West • Phone: UNivenity 1-5WB • Montreal L Quo, 
CIRCLE 733 ON READER-SERVICE CARD

4027 W. LAKE ST. • CHICAGO 44, ILL. 
CIRCLE 735 ON READER-SERVICE CARD

AMERICA
Chicago 46, III.

Control o» two 
circuits — Over­
current Circuit 

Breaker

• Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion.
Lei Malco show you how you can save 
on production time and costs. Contact 
us today.

Ä’Sr
^rtionaVcon»10

Two auxiliary 
circuits N C., 
N . O ., S h u n t< 
Thermal Mag­
netic Circuit 
Breaker

Auxiliary Cir­
cuits N O^Over- 
current Circuit 
Breaker

Thyratron Delays Digital 
Clock Pulse

A digital data recording system made use of 
motor generated clock pulses to advance a step­
ping switch. While data was actually being re­
corded, any clock pulse which might appear was 
not to be passed on to the switch. The circuit 
shown allow’s the stepping switch to advance one 
step per clock motor revolution, but delays its 
advance until a recording interval is completed.

When the clock motor cam closes switch S, the 
charged capacitor C discharges and fires the cut­
off thyratron. Firing the thyratron energizes the 
relay. When data is not being recorded, B+ is 
fed through the closed recording-inhibit contacts 
(activated by other circuitry), but the closed relay 
contacts, to the stepping switch magnet. The 
energized stepping switch opens the self-interrupt 
contacts, extinguishing the thyratron and resetting 
the relay. Thus, for every clock pulse, the step­
ping switch is moved one position.

While data is being recorded, the recording­
inhibit contacts are opened. If a clock pulse then 
appears, the thyratron continues to conduct until 
the recording cycle is completed. When the re­
cording-inhibit contacts close, the stepping switch 
will advance one step. In effect, the clock pulse 
has been delayed for the remaining interval of the 
recording cycle.

The circuit is reliable enough to maintain the 
clock to the last whole digit of time, provided the 
recording interval is less than the clock motor 
period.

Joseph Piskor, Research Engineer, United Air­
craft Research, Hartford, Conn.

9 Control of several component 
functions with one breaker

• Starting as low as 50 milliamp
• Also performs as On-Off Switch

• Miniature size

Series »rip — 
Thermal Mag- 
neiic Circuit 
Breaker

For engineering assistance call or write to— 

E-T-A PRODUCTS COMPANY Of
«2(4 N, Clt.r. A.., • Mum.: Klldnr. 51554 •

IH CANADA: E-T-A froduch rt Corada Lid.

TERMINALS 
PRINTED CIRCUIT 

HARDWARE

• Precision tooling, rigid quality 
control assure tolerances to critical 
specifications.

• Ample stocks of over 1000 differ­
ent parts permit prompt delivery.

• Malco specializes in a complete 
line of small stampings for Kadio- 
TV, electrical/electronic and auto­
motive industries.

HERE’S WHY:
• Specialized high production 
techniques afford lowest possible 
unit cost.

Sponge Provides Flexible Short

An inexpensive metal sponge was used to pro­
vide a conductive, flexible contact between two 
brass plates. With the sponge in place, one plate 
supports the other and is able to move relative to 
it. Also, an intimate electrical short is constantly 
maintained between the plates.

The sponge, normally used for household clean­
ing, is usually purchasable in the shape of a round 
pad. However, it can be cut to any size and it 
can be compressed as much as is necessary. Undei

REQUEST 

BULLETIN 

552
Ebctn

YA

see i» a» I.R.E. Show
BOOTH 1309

REEVES-HOFFMAN
DIVISION OF DYNAMICS CORPORATION OF AMERICA

CARLISLE, PENNSYLVANIA



metallic plate

METAL SPONGE

TYPICAL SIZES AND RATINGS
MFD

QOQ^DDO

¿INDUCTION

49-53 EDISON PLACE, NEWARK 2, N. J.

CIRCLE 737 ON READER-SERVICE CARD
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lOOK
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RELAY IS SIGMA 
32 J0-7SOG0-SIL

MANUAL 
TRIGGER

OUTPUT 
CONTACT

0.15 
0 25 
0 50

SEND FOR 
BULLETIN 
NO. 105

MODEL 
TRIO 
TR20 
TR30 
TR40

'Trademark 
DuPont "Teflon" 
Tetrafluoethylen»

save 
»fact

TYPICAL INDUCTION 
HEATING APPLICATIONS

IMMEDIATE 
DELIVERY

• Panel type carrying handles.
• Continuous duty ratings.
• High efficiency.

A new serie* of compact, budget-priced, laboratory power supplies, 
featuring uncompromising quality of material* and workmanship.

and
>ose 
»tic

INPUT:
105-125 V. AC. 

50/60 CPS. 
single phase

Ernest F. Wilson, Senior Electrical Engineer, 
Edgerton, Germeshausen & Grier, Inc., Boston, 
Mass.

• Short Circuit Protection.
• 2% Accuracy Panel Meters.
• Both output terminals above 

ground and isolated from A.C.

N-----METALLIC PLATE

A metal household cleaning sponge provides an 
intimate, flexible short between two metal plates.

• Regulation line & load.
• Zener Diode Reference.
• Ripple less than 5 M. V.
• Vacuum varnish impregnated 

megnetic components.
• Controls include power switch, 

fuses, pilot light, voltage control 
knob and output binding posts.

atmosphere. This can be accomplish­
ed by induction heating with the aid 
of a metal susceptor. Diagram shows 
the fusion of mica samples in an alu­
mina crucible, using molybdenum 
susceptor A ceramic tube surround­
ing the susceptor isolates the work for 
fusion in a vacuum. The molybdenum 
susceptor is heated by induction, 
which in turn, heats the crucible by 
radiation.

vacuum or special

CIRCLE 736 ON READER-SERVICE CARD
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LF Multivibrator Uses 
Unijunction Transistors

A source of repeating contact closures in the 
range of 1/10 pulse per second to 10 pulses per 
second was required for life testing of arc sup­
pressors for relays and stepper switches. It was 
desirable to vary the on-to-off ratio, and to man­
ually actuate a single shot.

An electro-mechanical multivibrator was built, 
using RC timing and unijunction transistors to 
operate the relay. A magnetic latching relay was 
the bi-stable element.

In operation, the relay applies 28 v to the uni­
junction transistor and the RC charging circuit. 
When voltage builds up, as determined by the 
capacitor selected and the setting of the 100 K 
potentiometer, the unijunction transistor fires, 
transferring the relay to its other state. The same 
action takes place in the second unijunction cir­
cuit, causing transfer back to the original state.

For single shot operation, one unijunction cir­
cuit is replaced by a push-button, used to dis­
charge a capacitor into the proper relay coil. This 
switches the relay and initiates the timing action 
of the remaining unijunction circuit.

TYPICAL PERFORMANCE CHARACTERISTICS
• Extended Temperature range available to 250 C
• Power Factor less than .0005 to ISO^C
• Insulation Resistance greater than IO'U ohms to 125°C
• Capacitance Change less than 2% over repeated 

temperature cyclings from — 70 JC to 200 C
• Lowest Dielectric Absorption o No Deterioration < 
• Long Life

Bako Metallized Teflon* Capacitor* show no performance 
deterioration when subjected to more than 1000 hours 
load-life at 200°C and 140% rated voltage.sufficient pressure no measurable electrical resist­

ance could be observed.
Alfred W. Zinn, Engineer, Farrand Optical Co., 

Inc., Bronx, N.Y.

Punch Heads Selectively 
Tempered

Diagram shows arrangement for se­
lectively tempering heads of alloy 
steel punches. The use of a combina­
tion type solenoid and pancake in­
duction coil reduces hardness from 
Rc 55/56 to Rc 41/44, improving 
resistance to brittle fracture at the 
head of the punch. In this case a 
heating cycle of 55 seconds provides 
uniform tempering. A multiple posi­
tion fixture, processing 4 pieces at 
one time, speeds up production

Laboratory analyses frequently re­
quire heating of non-conducting 
materials to temperatures of 3,000

Div. of / BALCO

SIZE SAVINGS TO 
with Baieo METALLIZED

(Hi-Temp) TEFLON* CAPACITORS
Size Reduction up to 4:1 Self clearing Properties

14, ILL. 
:ard 
1960

W Our experience 
r with manufactur­

ing processes 
wherever capaci­

tor* are used 
are at your 

service. Contact 
u* today.

<)32T O 
LAMPS

ILY SUSCEPTOR UAnlinfv 
CERAMIC TUBE H63tin£

Non-Conducting 
io Materials 

g To High 

• o Temperatures

HTM-4 (50 WVDC) 
Dia. Length 

312 x 1-3/8 
400 x1-3/8 
500 x1-3/8 
500 x1-15/16

HTM-2 (200 WVDC) 
Dia. Length 

400 x1-3/8 
500 x 1-3/8 
562 x1-15/16 
750 x1-15/16

HIGH FREQUENCY
INDUCTION

TRANSISTOR REGULATED

OPAD ELECTRIC COMPANY
43-16 WALKER STREET NEW YORK 13, N Y

Telephone WO-th 6-0380i5th ST. & 37th AVE., WOODSIDE 77. N Y

HIGH FREQUENCY 
LABORATORIES, INC.

/ Lepel induction
heating equipment represents^Q 

the most advanced thought in the 
field of electronics... the most prac­
tical and efficient source of heat 
developed for numerous industrial 
applications. You are invited to send 
samples of work with specifications. 
Our engineers will process and re­
turn the completed job with full data 
and recommendations without cost 
or obligations.

WRITE FOR NEW LEPEl CATALOG 
Etectronic Tube Generators from 1 Kw to 100 Kw 
* Spark Gap Converters from 2 Kw to 30 Kw

HEATING 
¿UNITS
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plification in the transistor network is kept 
relatively constant up to 25 kc. At higher 
frequencies, choke 11 and capacitor 31 
isolate the network from the output. The 
cascode amplifier drives the load resistor 
51 of about 2000 ohms. Hence, at high 
frequencies the gain falls off rather slowly.

ELECTRONIC DESIGN • March 16, 1960

The essential features of the invention 
are the dual pickup coils 5 and 7, choke 
11 which isolates transistor 15 from the 
high input frequencies, integrating capaci­
tor 31, and grid resistor 43. The signals 
on coil 7 are combined to drive the high- 
frequency cascode amplifier circuit. Am-

Method of Activating Thermionic Emitter 
Patent No. 2,913,629. )ohn E. White (As­
signed to General Electric Co.)

The electrolytic method of activating 
an oxide-coated cathode is improved by 
periodically applying an accelerating field 
for temperature limited emission. Oxygen, 
formed during the pulse period, diffuses 
rapidly to the surface and completely 
evaporates, leaving a free, alkaline-coated 
cathode. By this means, the activation 
time is reduced to one-thirtieth of that 
previously required. A very uniform elec­
tron emitting smface is produced. Sched­
ules are tabulated for the activation of 
tube types 6SN7, 6AU6 and 12AU7.

Low Noise Preamplifier
Patent No. 2,919,313. W. R. Johnson. (As­
signed to Minnesota Mining & Manufac­
turing Co.)

A magnetic tape, suitable for television 
recording, is equalized by a preamplifier 
comprising integrating and high pass net­
works, combined for wide-band frequency 
response. The low frequencies are ampli­
fied by a low-noise pnp fused junction 
transistor, driving an essentially capaci­
tive load. Vacuum tube microphonic noise 
and heater hum are eliminated and the 
low input impedance1 reduces the thermal 
noise. High-frequency gain is obtained by 
a low-noise vacuum tube cascode ampli-

H.K. PORTER COMPANY, INC.
PORTER SERVES INDUSTRY: with Rubber and Friction Products - THERMOID DIVISION Electrical Equipment-DELTA­
STAR ELECTRIC DIVISION NATIONAL ELECTRIC CIVISION, PEERLESS ELECTRIC DIVISION; Specialty Alloys- 
RIVERSIDE-ALLOY METAL DIVISION Refract nos -REFRACTORIES DIVISION; Electric Fumate Steel CONNORS STEEL 
DIVISION VULCAN KIDD STEEL DIVISION Fabricated Products DISSTON DIVISION FORGE ANi' FITTINGS DIVI­
SION LESCHEN WIRE ROPt DIVISION MOULDINGS DIVISION, H. K PORTER COMPANY de MEXICO. S. A 

and in Canada, Refractories, “Disston" Tools, "Federal" Wires and Cables, "Nepcoduct” Systems—
H K PORTER COMPANY (CANADA) LTD

CIRCLE 739 ON READER-SERVICE CARD

*ALLOYIST—Our own almost-Websterial word, meaning: a single 
reliable source for strip, rod, wire and flat wire to serve your every need.

♦ALLOYIST—A single, reliable source for nickel, nickel silver, cupro 
nickel, stainless steel, phosphor bronze, Monel** and Inconel**.
*ALLOYIST—A supplier of metals whose manufacturing processes 
are often exclusive, and always the most advanced, to insure total 
product superiority.

Put the Alloyist on your Design Staff, Purchasing Staff and Produc­
tion Staff. We know of only one fully qualified Alloyist. . . Riverside- 
Affoy Metal. Write today for complete information. Riverside-Alloy 
Metal Division, H. K. Porter Company, Inc., Riverside, N.J.
** Trademark of the International Nickel Co., Inc.

to the 
electrical - 
electronic 
industry
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iistor

CONTACT TYPES: SPDT, DPDT and 3PDTitter

2214 on requestSD Data Bulletin
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ygen, 
fuses

CLOCK 
PULSE

CONTACT RATING: 5

COILS: to 115V AC
ating 
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>ated 
ation

Actual size photos 
Open type 
Enclosed in clear 
plastic with octal 
style base

These new Struthers-Dunn 214 Frame Relays 
handle any general purpose application within 
their rating—and do it at materially lower 
cost, in less space, with less weight.

Maximum contact reliability is a prime 
feature of their design. Grade G5 melamine 
bonded fibre glass insulation insures excep­
tional firm contact support with adequate pro­
tection against temperature and humidity 
changes. A wide hinge maintains accurate 
contact alignment and increases operating life.

Don’t miss an issue 
of ELECTRONIC DESIGN 
return your 
renewal card today.

BIAS
I OUTPUT-

amps. at 115 V AC 

and DC

AVAILABLE 
FOR 

PROMPT 
DELIVERY 

FROM 
STOCK

E ECTRONIC DESIGN • March 16, 1960

Sales Engineering Offices in; Atlanta « Boston • Buffalo • Chicago * Cincinnati 
Cleveland • Dallas • nayton • Detroit • Kansas City • Los Angeles • Montreal • New 
Orleans • New York • Pittsburgh • St. Louis • San Francisco • Seattle • Toronto
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Timed Pulse Delay Circuit
Patent No. 2,910,583. James W. Toner. 
(Assigned to IBM Corp.).

Pulse delay is effectively obtained by 
generating an output of fixed duration in 
response to the mere existence of an ap­
plied voltage. The output is initiated in­
dependent of both the leading and trail­
ing edges of the input waveform.

Briefly, positive going input 10 charges 
capacitor 14 which is 'dien discharged by 
a clock pulse 18 connected through diode 
15. After differentiation the negative go­
ing trigger 23 passing through diode 22 
and inverter Vj causes capacitor 35 to 
charge. Subsequently, source 18 dis­
charges this capacitor resulting in pulse 
34 whose duration equals the interval 
between clock pulses.
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CURTISS
CORPORATION • I Write for complete 

information on A MC I 
Automatic Impedance 

Plotter

WRIGHT
EAST PATERSON, N.J.

Al SAPn 7('""p"1)M BW >99 ATLANTIC AVE BOSTON MASS

HIGH RELIABILITY 
POSITIVE LOCK 
BI-DIRECTIONAL ROTATION

Device For The Separation of Gas Ions
Patent No. 2,919,348. Aron Bierman.

A simple electrostatic system separates 
gas ions of different mass due to their 
relative zig-zag motion in and out of a po­
tential well.

Diagrammatically, the ions from source 
11 are accelerated toward concave plate 
r at a specified angle to the tube axis.

AHPLIFHIt [

AUTOMATIC
IMPEDANCE
PLOTTERS

Curtiss-Wright Stepping Motors convert digital pulses into 
mechanical motion or work. Available in two models. Features 
include: Complete static and dynamic balance • Withstand high 
shock and vibration • Long life, light weight • High starting 
torque • Withstand environmental temperatures of 4-165°F.

Write for complete Components Catalog 260 to help you select Curtiss- 
Wright electronic components for use where dependability is essential.

NEW CURTISS-WRIGHT DUAL TIME DELAY RELAYS
Our new series of Dual Relays include these outstanding fea­
tures: Instantaneous resetting contacts, chatter-free operation, 
voltage and high temperature compensation, compact size, 
designed for use in critical shock and vibration environments.5 *

TIME DELAY RELAYS • DELAY LINES • ROTARY SOLENOIDS • DIGITAL 
MOTORS • TIMING DEVICES • DUAL RELAYS • SOLID STATE COMPONENTS 
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IMPEDANCE 
STANDARD

UNKNOWN LOAD 
— ' TO BE MEASURED

• Presents effectively continuous impedance information 
over a frequency band.

• Entirely self-contained except for the use of an external oscillator.
• Models available to cover 2.5-250 me, 30-400 me and 180-1100 me.

CIRCLE 742 ON READER-SERVICE CARD
ELECTRONIC DESIGN • March 16, 1960È EC

The repelling forces developed by grid.* 
7' and 7 make their path cyclical and the 
particles ultimately are collected at plate 
14. However, the high frequency source 
10 may be adjusted to resonate with the 
motion of a particle of a selected mass I 
number. The amplitude of the motior 
then regularly increases, until the energy’ j 
is sufficient to overcome the barrier o 
grid 7' and the particle strikes plate 1', I 
preferably at a window.

Ghost images caused by ions whose 
mass have a whole number ratio to the 
mass of the ions under consideration are | 
reduced. The energy built up by the un- I 
desired ions is insufficient to permit them 
to reach either plate 1 or 1' and their path 
is eventually interrupted by plate 14.

Pulsed Magnetron Instability Detector 

Patent No. 2,895,107. Gerald I. Klein. (As- I 
signed to United States of America)

The number of times a magnetron is ] 
unstable, or has its output fall below a I 
fixed level, is counted by an anticoinci- ]

J 11 I -
I GI is
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Radio Interference Filters

SYNCHROS
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Write on company letterhead 
for Synchro Engineering Catalog.

West Coast Sales and Service Office—117 East Providencio Avenue, Burbank, California 
Canadian Sales Office—Aviation Electric limited, 200 Laurentien Blvd., Montreal, Quebec, Canada 

Export Sales and Service—Bendix International, 205 East 42nd St-, New York 17, New York

22

fotti* 
reference

WRITE FOR FREE
Rapid Reference Guide to 
Military Synchro». ►

-------L 
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< ence circuit. The apparatus used is the 
andard JAN test setup for determining 
onformance with magnetron specifica­

! ions.
Essentially, diodes 272 and 274 of net- 

v ork 42 compares the outputs from two 
multivibrators. Multivibrator 22 is driven 
directly by a pulser and multivibrator 38

triggered by the detected magnetron
MS /o6

output set by pedestal network 36. In a 
stable magnetron, cancellation of the 
pulses in network 42 is complete and zero 
output appears at junction J3. With in­
stability, the cancellation is incomplete, 
especially when the magnetron fails to fire 
in the specified mode, and triode 302 
couples a signal to the counter at the out­
put junction J».

TTionfrose
DIVISION

Mí

top

Standard has proven it knows the noise filter problem-and 
how to cope with it! Modern production facilities and skilled 
engineering assure you economically produced filters to your 
exacting specifications. Prompt, scheduled delivery also!

Let filter specialists solve your filter supply problems. Send
your specifications and quantity requirements for a quote.

STANDARD ELECTRONICS COMPANY
1611 W. 63rd St. • Chicago 21, III. • PRospect 8-4222
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SYNCHROS
M1L-S-20708 MIL-S-2335

Your complete source for ell military type synchros with 
“off the shelf” delivery

QIir 11 CT4c, 26V-CT4c. CX4c, 26V-CX4b, CDX4a, 26V-CDX4b. TR4b, 26V-TR4b, 
Ol£t 11 TX4b, 26V-TX4b

SIZE 15 CT4b, CX4b, CDX4b, TR4c. TX4b, TDX4b, CT6b, CX6b, CDX6b, TR6a

SIZE 18 CT4b, CX4b, CDX4b, TR4b, TDX4b. CT6b, CX6b, CDX6b, TX6a, TRX6a

SIZE 23
CT4, CT4a, CT4b, CX4, CX4a, CX4b, CDX4, CDX4a, CDX4b, TR4, TR4a, 
TR4b. TX4, TX4a. TX4b, TDX4, TDX4a, TDX4b, TDR4, TDR4a, TDR4b, 
CT6, CT6a CT6c, CX6, CX6a, CX6c, CDX6, CDX6a, CDX6b, TR6, TR6a. 
TX6, TX6a, TX6b, TDX6, TDX6a, TDX6b, TDR6, TDR6a, TRX6a

SIZE 31 TR4d, TX4a, TX4d, TDX4b, TDR4b. TR6b, TX6b, TDX6b. TDR6b

SIZE 37 TR4a, TX4b, TDX4a, TDR4a, TR6b, TX6b, TDX6a, TDR6a

TYPE 1 ID, IF, 1HCT, 1HDG, 1HG

TYPE 3 3D, 3F, 3HCT, 3HDG, 3HG

TYPE 5 5D, 5F, 5HCT, 5HDG, 5HG, 5N

TYPE 6 6HDG, 6HG

CIRCLE 744 ON READER-SERVICE CARD1961 275
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12 MONTHS Mot

CONTINUOUS OPERATION
at ambients up to 176T

HOLTZER-CA
200 Varick Street, New York 14, N. Y.ALPHA WIRE CORPORATIONMOTOR DIVISION
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A leading instrument manufacturer*,had the problem 
of continual motor failures after 2 to 3 months service 
m an instrument which required a minimum of one year’s 
continuous duty in maintained ambients up to 80° C. 
(176° F.)

The thermostated, infra-red instrument in which the 
motor was to be used, required a 24-hour stabilizing 
period, dictating that no maintenance be performed.

To solve this problem, engineers from both the instru­
ment company and from Holtzer-Cabot cooperat ed in the 
development of a motor with increased radiation area, 
plus reduced power input. This resulted in a motor tem­
perature rise of only 20 C. as compared with 35 C. in the 
motors formerly used.

To provide positive lubrication, grease reservoirs were 
provided outside the bearing and a long-life stable grease 
suitable for high temperature was selected.

The result was a motor which has now been in success­
ful operation for over 12 months without any motor 
failure or trace of bearing wear.
* Name on request
Write for Information! Holtzer-Cabot specializes in the design 
and manufacture of fractional horsepower motors for 
all types of applicat ions. For complete details on Holtzer- 
Cabot motors for specific applications, and a copy of 
“Key Factors in Selecting AC Motors for Instrument 
Service” write direct or use Readers Service Card.

Who knows better about lacing cord 
than the leader who has been designing 
and manufacturing electronic wire and 
custom cables for 38 years?
• round cords and flat-braided tapes
• nylon, dacron and teflon-fiberglass
• finishes: micro-crystalline wax, synthetic 

rubber-like resin, teflon resin, 
synthetic rubber

• meets industrial specifications 
and MIL-T-713A

• each spool individually 
packaged in boxes ’

(Assigned to International Telephone and 
Telegraph Corp.)

The electron beam generated by an 
latron flood gun is allowed to diverge 
slightly so that the planar target is uni­
formly illuminated. Proper design limits 
the beam within the diverging lens to 
reduce spherical aberration.

The operation of the tube is as follows: 
Whiting gun 4 writes the charge pattern 
on target screen 6 according to the control 
signal. A low voltage Pierce gun 3 floods 
the target with electrons which pass to

Pate 
tag

Charged Particle Beam Focusing System
Patent No. 2,902,622. Michiaki Ito (As­
signed to International Standard Electric 
Corp.)

Periodic electrostatic focusing of a long 
electron beam is obtained by applying 
ac, preferably polyphase, to the focusing 
structure. Regulated de sources are 
thereby eliminated in this quasi-static sys­
tem, since the electrical focusing alterna­
tions at 60 cycles are effectively station­
ary with respect to the high velocity 
electrons.

The beam generated by cathode 11 Kes 
t wi

National Pneumatic Co., Inc., Boston 19, Mass.
CIRCLE 745 ON READER-SERVICE CARD

phosphor 2 to generate the display as 
modulated by the target screen. To colli­
mate all electrons at right angles to the 
target surface, the voltage of aquadag 
ring 11 is depressed below the voltages 
applied to rings 10 and 12. Electrons slow 
down and the beam diverges in plane 13 
so that the lens increases the apparent 
beam angle. In plane 14, the beam again 
converges to focus uniformly on the target 
screen.

Available for 
immediate delivery 

from your local Alpha Wire 
electronic parts distributor. 
Write for free Catalog 1-59.

to I 
win

In the 13 Western States, call on our new Pacific Division: LopAngeis ?9* California 

IRE Booth 4103 • IRE Booth 4103 •
CIRCLE 746 ON READER-SERVICE CARD
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PATENTS
Electron Discharge Devices
Patent No. 2,917,658. R.

Holtzer-Cabot Solves Fractional H.P. Motor Problems

line

Specialists

WIREALPHA

Complete LACING 
designed by -

Electronic i
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ALL UNITS ACTUAL SIZE
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Send for Engineering Bul­
letin 7300 for complete 
technical data.

347 MARSHALL STREET • NORTH ADAMS, MASS

passes through coils 2, 3, and 4, distrib­
uted along the path leading to collector 
plate 15. The focusing current delivered 
to the coils is generated in the 3-phase 
windings 8, connected to a suitable ac 
generator.

High Purity LEAD

Sprague's new improved construc­
tion gives greater reliability and 
higher wattage ratings to famous 
Blue Jacket miniature axial lead 
resistors.

They are ideal for use in minia­
ture electronic equipment with 
either conventional wiring or 
printed wiring boards.

Get complete data on these de­
pendable minified resistors, write 
for Engineering Bulletin 
7410.
TAB-TYPE BLUE JACKETS: For 
industrial applications, select 
wattage ratings from 5 to 218 
watts in Sprague's famous Tab­
Type Blue Jacket close-tolerance, 
power-type wirewound resistors. 
Ideal for use in radio transmitters, 
electronic and industrial equip­
ment, etc. For complete data, 
send for Engineering Bulle­
tin 7400A.

(ing 
sing 
are
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and then sintering and machining it to the 
desired surface contour of the porous 
outer layer. The unique feature of the 
process is that, after sintering in an argon 
atmosphere, the layer of porous tungsten 
above the barium tungstate emissive ma­
terial, 2, is ent through along plane 5-5. 
Grinding and polishing can then produce 
a surface layer no more than 20 microns 
thick.

THE CONSOLIDATED MINING AND SMELTING COMPANY Of CANADA LIMITED
215 ST JAMES ST. W., MONTREAl 1, QUEBEC CANADA - PHONE AVtHUt B1I01

*ma- 
tion- 
)city

TAD AN AC Brand High Purity Lead is 
99.9999% pure and is available in ingots, 
rods, powder, sheets and shot. It is also 
available as disc and spherical pellets and 
washers, suitable as solder preforms or for 
direct alloying with germanium in the pro­
duction of alloy-j unction transistors or 
diodes.

Other high purity TADANAC Brand 
metals or compounds include Special Re­
search Grade antimony, indium and tin; 
High Purity Grade bismuth, cadmium, 
indium, silver, tin. zinc and indium anti­
monide. Send for our brochure—TADANAC 
Brand High Purity Metals.

SPRAGUE COMPONENTS:
RESISTORS • CAPACITORS • MAGNETIC COMPO­
NENTS • TRANSISTORS • INTERFERENCE FILTERS • 
PULSE NETWORKS • HIGH TEMPERATURE MAGNET 

WIRE • PRINTED CIRCUITS

(
\itent No. 2,913,812. H. Huber, J. Frey- 
ag and J. Reynaud. (Assigned to Com-

I
iagnie Generale de Telegraphic)

A dispenser cathode is formed by com- 
jressing the emissive material, 2, coating 
t with a layer of high refractory metal, 4,

•ent 
jain

SHOW 
NEW 
YORK 
MARCH 
21-24

VISIT 
COMINCO 
BOOTH 
4511

New Koolohm construction fea­
tures include welded leads ond 
winding terminations — Ceron 
ceramic-insulated resistance wire, 
wound on special ceramic core­
multi-layer non-inductive windings 
or high resistance value conven­
tional windings — sealed, insula­
ted, non-porous ceramic outer 
shells—aged-on load to stabilize 
resistance value.

You con depend upon them Io 
carry maximum rated load for 
any given physical size.

NEW SMALLER SIZE

INSULATED-SHELL POWER RESISTORS

MWFQ
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conduct harder and the positive pulse 
coupled to Ti causes Ta to cut off. Ca­
pacitor 7 discharges linearly and the nega­
tive feedback through Ti raises the po­
tential of point IO so that T3 is no longer 
cut off. Regenerative de coupling between 
T3 and T2 resets these transistors to full 
conduction.

o o o 
o o o

Make circuits the fast, easy way 
. . . simply insert Vector Push-in 
Terminals and component wires 
into the pre-punched terminal 
board. Six patterns available 
with .062 and .093 holes, in XXXP 
Phenolic,G-7Glass Silicone,G-10 
Glass Epoxy and Paper Epoxy. 
Also available in copper clad.

Electric Circuit for Generating 
Substantially Linear Voltage Changes
Patent No. 2,916,705. W. L. Stephen­
son. (Assigned to North American Phil­
ips Co.)

A simple transistor configuration pro­
vides monostable operation and generates 
a linear output waveform.

As illustrated, pnp transistors T3 and 
T2 are initially fully conducting. A posi­
tive pulse applied to paint 13 causes T2 to

■a o o o a o o
o o o o o o

o c o o O O oo o o o o o
o o o o o

VECTOR ELECTRONIC COMPANY
1100 FLOWER STREET. GLENDALE 1. CALIFORNIA 

" TELEPHONE: Chapman 5-1076
Visit our Booth #4051 at tho IRE Show
CIRCLE 750 ON READER-SERVICE CARD
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Information Stores
Patent No. 2,919,377. J. M. N. Hanlet 
(Assigned to Societe dElectronique et 
dAutomatisme)

Information is stored by the controlled 
intensity modulation of a low velocity ert 
beam which scans an electroluminescent 
material deposited upon a photocon­
ductor.

In the writing position, the voltage be­
tween control grid 4 and electrode II is 
set to about 3 v. The electron beam is de­
flected by plates 20 and 21 and a charge 
is deposited on film 8 according to video 
input 23. At every storage point, light is 
emitted which decreases the conductivity 
of layer 9. Instantaneous voltage changes 
across load 14 are coupled to output 24.

The information may be read by scan-

and filters
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the stored surface repeatedly with 
I a 1.5-v, low velocity beam. All points pre- 
Iviously illuminated by the electron beam

Ining

of the pickup arm. The technique makes 
the pickup move tangent to the record 
groove.

In operation, the pickup arm 3 follows 
the track cut in record 12. Since the arm 
swings clockwise, switch contacts 30 and 
31 periodically join and motor 23 is ener­
gized. This motor moves plate 7 through 
flexible shaft 21, producing straight line 
motion of stylus tip 1. The main bending 
forces are borne by the motor-driven plat­
form, rather than by the pickup arm. 
Thus, the angle the arm is bent becomes 
very small.

ASKS
12 CHANNEL 

DIRECT INK OR ELECTRIC 
RECTILINEAR 

RECORDING SYSTEM

be- 
1 is
de- 

irge 
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it is 
vity 
iges
24.

can-

will be reinforced in brightness, further 
decreasing the photoconductivity to pro­
duce useful output.

Erasure occurs when the stored surface 
is set at the voltage of the scanning elec­
tron beam.

Servo Arm For Phonograph Pickups
Patent No. 2,915,315. J. Robinow

Phonograph reproduction is improved 
by supporting the pickup on a plate 
moved by a separate motor. The motor is 
controlled by the instantaneous position

STUD

STUD 
TURRET 

FEED-THRU

TAPER-PIN

SCREW- 
THREADED 

TURRET 
FEED-THRUSCREW

Pick your TERMINALS with 
KULKA TERMINAL BLOCKS!

What do you prefer for your connections-screw, 
stud, nut, turret, threaded-turret, taper-pin, feed- 
thru, or other terminal style? No longer must you 
compromise or improvise. Instead...

Select the terminal style or styles, together 
with type and size of terminal block. The Kulka Ter­
minal Program will combine the two factors in a 
terminal block custom-fitted to your wiring and 
assembly needs. It’s simple, expeditious, economical!

LITERATURE...Ask for the Kulka Terminal Style 
Catalog, listing many terminal designs and com­
binations. Let us quote on your requirements.

uoroe

*>* Ir*

TURRET

Write for complete information on 
High Speed Recording Systems

MORE DATA

PER DOLLAR

This new Recording System, Model 
BSA-1200, combines all the advan­
tages of rectilinear recording with 
the economy of ink writing in VS 
less space than any comparable sys­
tem. At an average chart speed of 
50 mm/sec., for example, you save 
$10,000 every 200 hours in chart 
costs alone when compared to other 
rectilinear recording systems. In ad­
dition, this system is designed to 
accept a wide choice of different 
interchangeable plug-in preampli­
fiers for each of the 12 recording 
channels.

ADDITIONAL FEATURES

• High Speed Rectilinear Recording 
with Ink. Unique pen design provides 
splatterproof writing to 200 cycles.

e Wide Frequency Range reproduces 
signals from DC to 200 cps on 
rectangular coordinate chart paper

e Interchangeable Plug»in Preamplifiers 
— Low, Medium, High Gain DC, AC. 
Chopper, Carrier, and Servo

o Automatic one second timer and 
manual EVENT MARKER

e 18 Speeds — Push-button Controls 
(Remote control optional)

o Individual Power Supplies and 
Transistorized Driver Amplifiers for 
each channel. Prevents cross*falk 
between channels

e Pen Motor Overload protection

e Interchangeable pens for either Ink 
or Electric Writing

e Micrometer Pen Motor Adjustments 
for accurate pen alignment

• Plug-in provisions for remote or 
centralized control of all functions

• Modular Design throughout for ease 
of servicing

KULKA ELECTRIC CORP 
633*643 So. Fulton Avenue 

Mount Vernon, N.Y.

KULKA
“VISIT US AT I.R.E. SHOW BOOTH 2900”
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OTHER MASSA PRODUCTS 
TRANSDUCERS 

Sonar, Ultrasonic 
ACCELEROMETERS 

MICROPHONES 
HYDROPHONES 

AMPLIFIERS
COMPLETE LINE OF MULTI-CHANNEL AND 

PORTABLE RECORDING SYSTEMS

IRE SHOW 
Booth Nos.

3609 Ie 
3611

MASSA
A O»SZISIO«'*i OP

COHU

9 FOTTLER ROAD
———HINOHAM, MABSACHUSITTS 
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The NEW Serles BH100

THE INSTRUMENT 
with the TAPE-SLIDEWIRE

BOOKS
' 11 

a
<il

ÂŒ

Fundamentals of Electronics

E. Norman Lurch, John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 16, N.Y., 
631 pp, $8.25.

Planned to meet the need of the tech­
nician who is to work in the electronics 
field, this book provides a firm back­
ground in electronics fundamentals. It is 
intended as an introduction to the field as 
a whole and prepares the reader for the 
more specialized aspects of electronics: 
communications, industrial electronics, 
television, microwaves, and computing 
systems.

In following the text material, only a 
working knowledge of de fundamentals, 
algebra and right-angle trigonometry is 
required. Also, if not prerequisite, the 
student should be studying ac circuits 
concurrently with the first six chapters 

which deal with electronic devices. The 
level of the text enables the student to 
make gain calculations, compute power 
outputs, perform graphical solutions, de­
termine the modulation applied to a car­
rier wave, and solve other similar prob­
lems. However, he will not be prepared 
to handle the design calculations and 
original derivations that are expected of 
the electronic engineer.

The development of the text assumes 
that the vacuum tube and the transistor 
are of equal importance. In the applica­
tion chapters, for example, the chapters 
on rectifiers and nonsinusoidal oscillators, 
these elements are treated simultaneously. 
Other chapter headings include: The Vac­
uum-Tube Amplifier, The Transistor Am­
plifier, Transformers and Transformer- 
Coupled Amplifiers, High Frequency
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IU THE SIZE../^^" 
10 TIMES THE ACCURACY 

OF STANDARD INSTRUMENTS!

MMMM

• Resolution: 1 part in 10,000
• LABORATORY PRECISION for the operating plant.

• COMPATIBLE with any transducer—AC or DC.

• For strain gage, linear differential transformer, thermocouple, 
thermistor, resistance thermometer, pulse or variable fre­
quency circuits or systems.

• Parabolic or logarithmic functions are linearized for direct 
digital reading.

• Every scale unit is a calibrated value.

Produced by the makers of the Jetcal® jet engine Analyzer... 
in worldwide military and airline use!

Full information is available for the asking!

B & H INSTRUMENT 
CO., INC.

3479 Wesf Vickerv Blvd., Fort Worth 7, Texas

ON, OHIO, VALLEY STREAM, L.I., N.Y., WICHITA, KAN.
TORONTO, ONT. fGaorgo Mk Ltd.), MITCHAM, SURREY, ENGLAND (tryam Aaroquipmant Ltd.)
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Variable 
Polystyrene Capacitors
All types hove 
power factor 
of less than 
.05% at 
1000 CPS.

Type PV and Type PW variable polystyrene capacitors in 
bathtub containers. Highly stable and adjustable over the 
range of plus - minus 1% of the nominal capacitance.
Type PX close tolerance polystyrene capacitors in bathtub 
containers. Tolerances available 1%, 0.5%, 0.25% and 
0.1%. Stability better than 0.1% per year of life.

Write for free bulletin Type PV.
♦ raxor mapa

Salps-Enginppring OHicps:

ATLANTA, GA., COMPTON, CAL.

PlfUtiß (hlpMÜtfU. 'NC.

2620 N. Clybourn Chicago 14, Illinois p* 8-3735
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Multi-Switch FERRAC MOLDED AMPLIFIER AIRPAX FM TELEMETRY MONITOR

Fast response
and gain

amplifier. Weight only 7.5 ounces.

Airpax engineers resolve the most advanced tech
the fast-moving
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iters 
tors,

Maxwell'
Practical

Lines 
istor TRANSISTOR CHOPPER

Miniature transistor

AIRPAX
ELECTRONICS

The 
t to 
•wer

tner-
ency

Nine channel FM Telemetry Moni­
tor Deviation from center frequency 
of each telemetry sub-channel is 
displayed and measured.

instrument 
telemetering 
systems.

taincd drive transformer 
operates from fifty to 
five thousand CPS.

ide dynamic range 
characterize this 

molded magnetic

• UNUSUAL CHOICE OF 
FUNCTIONS.

BOOTH 2827—Radio Engineering

time delay provide positive pro­
tection in critical circuits. Trip level 
is independent of temperature.

tials of elementary vector mathematics ii 
also included.

The introduction to elementary classi­
cal electromagnetic field theory leads it' 
to an understanding of the laws of Fara­
day, Ampere, and Gauss, as expressed in

CIRCLE 755 ON READER-SERVICE CARD
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INSTANTANEOUS ACTING 

MINIATURE 

MAGNETIC CIRCUIT BREAKERS

mplifiers, Feedback Oscillators, Modu- 
tion, Detection, and Push-Pull and 

■ hase Inversion. The text is amply illus- 
ated and much of the discussion is done 
ith equivalent circuits and, where help­

ful, graphs are used to explain circuit 
operation. The end of each chapter con­
sists of review questions, problems, and a 
suggested reference list for further study.

mentation, 
amplifiers, 
and control

strate the applications of these laws to 
simple symmetrical physical systems. 
However, the more sophisticated point 
concepts, such as divergence, curl, Pois­
son’s equation, and Maxwell’s equations 
in point form, are not discussed in this 
book.

The discussion of elementary network 
theory introduces KirchofF s network 
equations as derived from Maxwell’s field 
equations. The network equations are ap­
plied to magnetic networks and de elec­
tric networks. The branch, circuit, and 
node methods for solving de networks are 
presented.

The relations between elementary field 
theory and elementary netw ork theory are 
frequently illustrated by applying field 
theory to the derivation of the parameters 
of equivalent electric and magnetic net­
work elements for simple physical devices.

Illuminated or Non-illuminated 
Push Buttons. 1 to 37 Stations in 
a Row.

• VERSATILE DESIGN—
Easily adapted to individual 
requirements.

• CHOICE OF 2 MOUNTING 
CENTERS.

STACK SWITCHES—Mounted on sepa­
rate plate. Up to 4 stacks can be oper­
ated with each button.

Many other features available such as 
Lock-Out Bars, and Solenoid Release 
Devices. Write tot Catalog 5-581.

Show—N.Y. Coliseum—Mar. 21-24

5529 N. Elston Ave., Chicago 30, III. 
Canadian Reg.: Atlas Radio Corf., Ltd.

50 Wlngold An., Toronto, Canada.

Electrical Engineering Fundamentals
] P. Neal, McGraw-Hill Book Co., 330 W. 
42nd St., New York 36, N.Y., 402 pp, 
8.50.

A thorough introduction to the funda­
mentals of electrical engineering theory is 
presented in this new undergraduate text. 
It is assumed that the reader has had col­
lege physics courses in mechanics, elec­
tricity, and magnetism and mathematics 
courses in analytic geometry, algebra and 
calculus.

Engineering interpretations of the 
physical characteristics and laws of elec­
tromagnetic systems and their equivalent 
mathematical models are presented in 
terms of the rationalized mks system of 
measures, using scalars and vectors, as 
appropriate. A careful review7 of the essen-

electronics and electro-mechanical fields. Sub­
miniaturization, abnormal temperatures, super­
reliability, space utilization and similar subjects 
are constantly under investigation in the quest 
for designs to meet the demands of tomorrow.

CHOPPER TYPE 2300

Low noise type for nul 
seeking servos, instru

PREAC AMPLIFIERS

Preac magnetic ampli­
fiers are high sensitivity 
DC units having an ex­
tremely stable null. For 
60 and 400 CPS sources.

TO MEET EVERY 
SITUATION

FORT LAUDERDALE, FLORIDA

A COMBINATI 
OPERATII

CAMBRIDGE, MARYLAND

Flexible Switchcraft design makes 
it possible to connect two or more 
rows of Multi-Switches and provide 
inter-action between all buttons.



Final-Stage Design of a Vertical

Sweep Generator
SOLUTION

ON CO

SOLUTIONS 
UNO» TEST

MEASURE OF SOLUTION LIFE IN DIP 
CLEANING OF PRINTED CIRCUITS

COPPERBRITE
#4«

COPPERBRITE
one bath 

cleans over 
100,000sq.ft.

RUSSIAN TRANSLATIONS
J. George Adashko

SOLUTION

rNDt HNifF

1'/. WEEKS

1 WEIK

Copperbrite 48 is economical, 
safe and efficient. . .

• Has indefinite bath life
• Contains no etching acids
• Provides superior solderability and plating adhesion
• Odorless, vaporless, easy to use

Request literature and test sample

LONDON CHEMICAL CO., INC,
1531 N. 31st AVENUE • MELROSE PARK, ILLINOIS 

MEMBER OF INSTITUTE OF PRINTED CIRCUITS
CIRCLE 757 ON READER-SERVICE CARD

A. A. Zakharov

THE OPERATION of the output stage of a ver­
tical sweep generator is analyzed for both in­

ductive and transformer loads. A simple method 
for designing the circuits is described which results 
in good output current linearity.

The output current waveform applied to the de­
flecting coils is shown in Fig. 2. It is expressed by 
Eq. 2: is

tic
ic — — 0.5 J for 0 < t < TT J " (2)

Inductive Load Design

The output stage of a vertical sweep generator 
with a choke load is shown in Fig. la. The equiva­
lent diagram of the plate circuit of this stage is 
given in Fig. lb, with

C CcCb
9 cc + cb (1)

It is assumed that the entire ac component of the 
tube current flows through capacitors Ce and C*

repeating periodically for t > T. The return time 
is assumed to be zero. The distributed capaci­
tances of the deflecting coils and of the choke are 
neglected.

The voltage drop across the inductance and re­
sistance of the deflecting coil and across capaci­
tance Co is

Cac = Cl + €r + ec = e- F — I, 
¿Lg 1 T 2CJ

wl

Split- 
Second 
Starters 
with 
Super 
Finishes
Advanced retainer design and 
rigid manufacturing control for 
MPB bearings eliminate torque 
pulses due to hang-up; 
micro-finished balls and 
raceways assure low torque 
with minimum variations and 
maximum reliability. Write 
MPB Inc., 903 Precision
Park, Keene, N. H., for catalog.

NFB helps you perform miracles in miniaturization

L K,

Ça

et

T T IT
+ Lc I. i (t) + 0.5 R. I. (3)

where 8 (t) is the 8_ function corresponding to 
t = nT.

The same voltage, due to the current flowing 
through it, is impressed across the choke. It is con­
venient to consider the choke current as consisting 
of four components:

ich — 4*1 + 4*2 + 4*3 + 4*4

With

fi (Lhì) =

(4)

¿2
2 C.T

(5)

gn 
im

Ichi

(r T

JL
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Fig. 1. a) Output circuit of a vertical sweep 
generator with choke load, b) Equivalent 
output stage circuit.

MINIATURE PRECISION BEARINGS INC. 
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INDUSTRY IN
ULTRA-HIGH-POWERThe current ichi is obtained from:

(6) DUPLEXIHG
with both 6AS DISCHARGE

and FERRITE DUPLEXERS(2)
(7)

where:

1
W) =

1 - e~pt o

(8)

t

(3)

ichi (p) ept dp
g to

eP(i - T) dp^2

pQ-e~pT)(pLch 4- Rch)2CJL 2ir i J

ep(t - T) dp
(4) p2 (1 - e->“}(pLcK + Rch)L

ept dp2
p* (pLch + Rch)

(5)
2

?60

At each frequency band of the 

microwave spectrum, Microwave 

Associates has devices for efficient 

switching of high power.

(P) 2C.T Lpi.» + Rch.

t ^dîchi y. . Ie .
7 rich Ichi ‘

dt 2COT

2 ir i J,

ichi (0 = —~
2 IT I

JJ(9)

Fig. 2. Output current waveform of the 
sweep generator. The return time is as­
sumed to be zero.

LEADS THE

de- 
I by The function on the right side of the equation 

is periodic, with a period T. This differential equa­
tion is solved by operational calculus methods.

ime 
acl­
are

i re-
» aci-

T2 e~pt t2 e~pt dt = ——---- 
, p(l - e~pt)

2T e~pt £ 
p2(l — e~pt) pz

The inverse transform of is found by inte­
grating over the contour L, which includes the 
imaginary axis of the complex plane p, Fig. 3.

ring 
con- 
ting

2T
2 IT i

The first integral can be represented as a dif- 
' rence of two integrals, one along the contour Lu 

hich includes the entire left half plane and the 
naginary axis, and the second along the contour

ELECTRONIC DESIGN • March 16, 1960

Selecting a duplexer for high-power applications 

involves consideration of peak power, 
average power, transmit loss, receive loss, 
expected life, and versatility of operation.

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

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

We have extensive experience in designing 
and manufacturing high-power duplexer devices 
and are interested in working on newest 
ultra-high-power applications. We are now 
developing ultra-high-power duplexers for more 
efficient switching at UHF, L, C, and S bands.

Our Applications Engineers would like to discuss 
the future of high power duplexing with you.

•The duplexer receiver loss includes the loss due to receiver protector TR tubes. Visit us at IRE Booth 2301-2303

MICROWAVE ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS
Western Union FAX-TWX: Burlington, Mass., 942 • BRowning 2-3000
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RUSSIAN TRANSLATIONS

L2, which includes only the left half plane, Fig. 3

Since

0, that is, that thenecessary that Re [p(t

where

6000 tests a minute
of tl

Write for full details

irrt

2 R,

Thus, the choke current i, m is equal to
CIRCLE 760 ON READER-SERVICE CARD
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The integral J8 equals the residue at the third 
order pole, p = 0

Fig. 3, The choke cur­
rent can be found by 
performing two integra 
tions—one along path 
Li, whiche includes the 
entire left half plane and 
the imaginary axis, and 
the other along path L2. 
which includes only the 
left half plane.

ELECTRONIC DESIGN • March 16, 1960

of tl 
plate 
the c

the integral along Ly can be broken into a series 
of integrals, the numerator of which is exponential 
in p(t — kT). To satisfy the Jordan lemma it is

IYvW tool for the Reliability Engineer 
... the AIL Type 90 is designed to test 
low frequency (audio, video and com­
puter) circuits by the “extreme values” 
or “worst case” technique. Circuits may 
be tested for all combinations of antici­
pated low and high values for as many 
as 16 parameters. Up to 6000 tests per 
minute may be conducted.

Digital read out permits determination 
of circuit combinations which produce 
unacceptable performance. The total 
number of parameters available combined 
with the total number of parameters suc­
cessfully tested to their extremes, provide 
a measure of the reliability factor of the 
circuit under test.

real part of p be positive. This requires that the 
contour Ly be closed in the right half plane, where 
the integrand has no singularity; the integral over 
Ly therefore vanishes. The second integral in Eq. 
10 is equal to the residue at the pole, p = —RCh/ 
I eh, and therefore

The integral f2 can also be found by piecewise 
integration, with the integral over Ly again van­
ishing for the same reason as above, and the in­
tegral over L2 being equal to the residue at the 
pole, p = —Rch/Lch.

AIRBORNE INSTRUMENTS 
LABORATORY

DEER PARK, LONG ISLAND, NEW YORK 
A DIVISION OF CUTLER-HAMMER INC

AIL Type 90 Circuit Design Reliability Tester $3600.00
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Expressions for iCh2, *c*3 and icM are obtained in
nalogous manner, and the values of these 

icnts are

Re At
e~at

1 - e~aT
1 "

ut\’

cur-

db)

lch3
e'

Lch 1 - e-T ’

fcM - — 

il ch
— - 0.5ftc + —T 12C.J

The total ac component of the plate current of 
the tube is

iac = ic + Ichi + tch2 + lch3 + lch4

+ C| + D ,(19)

I where:

?nes 
utial 
it is
the 
the

here I
over
Eq. I

R.’a/

—-
1 - e~°T \Rch

B =
2RchCoi

c=
tick \

I) =

van- 
e in- 

the

hij<'

Calculating the Rhe Time Excitation
Expressions 3 and 19 make it possible to draw 

a load line on the tube plate characteristics. With 
the aid of this load line the required wave form 
of the excitation voltage during the rise time can 
be determined. It is necessary to select the values 
of the de components of the plate current and 
plate voltage of the tube, that is, the position of 
the operating point. This choice is made by a trial 
and error method in which maximum deflecting 
current linearity is sought.

In the first trial, it is advisable to select the 
p )int corresponding approximately to transformer- 
c upled operation as the de operating point. Note 
I at the voltage drop across the choke and the

960 I * LECTRONIC DESIGN • March 16, 1960

C°^rP«0BLEM ■ W

The NEW 1 FILM POT IS THE ANSWER
LINEARITY 0.2% • INFINITE RESOLUTION * LONG LIFE

300- »?

SPECIFICATIONS:

MODEL

RESISTANCE RANGE

BEST LINEARITY OR CONFORMITY

WATTAGE

GUARANTEED LIFE, REVS.

•000- X

.4375 
’.4370

This subminiature film pot has much greater accu­
racy than comparable wire-wound types and fea­
tures the reliability inherent in film pots. Now you 
can meet tight space requirements without sacri­
ficing accuracy. Send us your specifications.

TERR/TOR/ES OPEN FOP QUALIFIED SALES REPRESENTATIVES

FIRST IN FILM POTS
i500äTO 150K

0.2%

I TO 30x1o6

UTER INSTRU RATION

92 Madison Avenue, Hempstead, L. I., N. Y.
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RUSSIAN TRANSLATIONS
io 
WATTS 
OF 
POWER 
from

Precision Electrical
Resistance Instruments

STEPPING SWITCHES
for automation,

remote control

300

Fig. 4. The de operating point on the plate character­
istics is assumed to be the origin of coordinates for the 
ac load line.

cathode resistance must be taken into account.
From the point ea = Eb — b is the power

de to 1 megacycle!

NEW from Krohn-Hite: this unique combination of power and band­
width! The Model DCA-10 direct-coupled amplifier allows you to 
increase power of all sources from de to one megacycle, without the 
bother of changing amplifiers or bandswitching!

The DCA-lO’s low distortion (0.1%) makes it the perfect comple­
ment for low-distortion, quality oscillators — for unexcelled per­
formance over the entire frequency range.

Output — to 300 volts peak to peak, to 600 milliamperes peak to 
peak. Frequency response is flat within one db, from de to 1 me. 
Stability is excellent for both output de level and gain.

The Model DCA-10 direct-coupled amplifier provides high, distor­
tion-free power over the entire range from sub-sonic into radio­
-frequencies. Twenty watts of push-pull power can be obtained from 
two DCA-lO’s cascaded. If this high-quality, flexible amplifier can 
fill a need for you, write for full information.

Other Krohn-Hite amplifiers include the direct-coupled 50 watt 
DCA-50, and the ultra-low distortion (0.005%) 50 watt UF-101A. 
Also, Krohn-Hite Oscillators, Filters and Power Supplies.

See us at IRE Booth 3708-3710

KROHN-HITE CORPORATION 
580 Massachusetts Avenue • Cambridge 39, Mass. 

Pioneering in Quality Electronic Instruments
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supply voltage, Eg the grid bias), recommended 
for transformer-coupled operation, a de load line 
is drawn at an angle a = cot“1 RCh to the abscissa. 
A de operating point corresponding to —Eg, Fig. 
4, is marked on this line. In the case of fixed bias, 
a de load line is drawn through the point ea = E*

The de operating point is assumed to be the 
origin of coordinates for the ac components of the 
plate voltage and current. Using this coordinate 
system, an ac load line is drawn, from which the 
required wave form of the excitation voltage is 
obtained. However, since the required wave form 
can be determined only approximately, there is no 
need for drawing the entire line.

At best, the actual excitation voltage, usually 
obtained by charging a capacitor through a resist­
ance, will coincide with the required sweep volt­
age in only three points. Therefore, the entire cal­
culation is performed only for these three points, 
selected beforehand, which are chosen to corre­
spond to t = 0, t = 0.5T, and t = T. For these 
values of t, the ac components of the plate voltage 
and current, eac and iac> are calculated and note is 
made of the corresponding points on the family of 
the plate characteristics, Fig. 4.

From the positions of these points on the plate 
characteristics, the necessary instantaneous values 
of the excitation voltage, ego, and egT, can be 
determined.

The excitation voltage swing during the rise 
time is

egm I egT egg |

The nonlinearity of the excitation voltage is 
characterized by the quantity

A eg —, I ego.b — ego | — ! egr — egn.b |

• Rugged
• Dependable
• Hermetically 

sealed 
if desired

ROTARY SWITCHES
for all electronic 
equipment

• Meets or exceeds 
government 
specs.

• Printed 
circuit and
special 
designs

• Quick 
deliveries

• Long life
• All sizes

CAM SWITCHES1

for counting and control
• Decade —

switch j
• Control ■ u w w

switch
• Decimal to binary converter

POSO»MM -J 
8-3658 6

I PALISADES PARK, 
\ NEW JERSEY

SEE US AT BOOTH 2120 I.R.E. SHOW
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Special
Sockets
and
Connectors

FROM DESIGN
TO PRODUCTION
Jettron is fully-equipped to design 
and manufacture your precision 
electronic components including 
connectors, sockets and cable 
assemblies. Call or write Jettron 
for quotations on "specials” for 
all commercial and military 
applications.

Ultra High Frequency 
Socket Type CD-7620 
For the 2C39 family 
of tubes, Including 
the General Electric 
GL-6897 and the Eimac 
3CX100A5, features 
very low capacitance 
from cathode or anode 
to ground.

Input Connector 
Type CD-7700
For the Western Elec­
tric 6280/4168 planar 
type triode. Has 18 
spring fingers making 
contact with the RF 
cathode; specially de- 
signrd beryllium cop­
per contacts.

Ultra High Frequency 
Socket Type CD-8210 
Designed by Jettron 
for use with the Gen­
eral Electric GL-6442 
ind similar lighthouse 
tubes. Features very 
low capacitance from 
cathode or anode to 
ground.

JETTRON
PRODUCTS • INC
56 Route 10, Hanover, New Jersey 
Telephones: TUcker 7-0571-0572

ales Engineers in Principal Cities 
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Fig. 5. Output circuit of a vertical 
sweep generator with transformer- 
coupled load.

To obtain the required excitation voltage swing 
during the rise time, and after the maximum cir­
cuit charging voltage has been specified, the charg­
ing circuit time constant must be determined. The 
next step is to determine A e9 of the resultant ex­
citation voltage and to compare it with the speci­
fied value of A eg. It is desirable that these quanti­
ties differ by not more than 5-10 per cent. If the 
discrepancy is too great, it is necessary to change 
the position of the computed points (that is, of the 
load line) by changing the grid bias. All the com­
putation points are shifted by equal displacements 
along a line inclined to the abscissa at a fixed 
angle. In the case of a fixed bias, this angle is

a = cot 1 Rch

In the case of cathode bias, this angle is

af = cot-1 Rch

I -i if 
rich

Rch 

Rl

(26)

(27)

The foregoing analysis and method of calcula­
tion apply only to the rise time of the sweep. The 
high pulse voltage that develops on the plate dur­
ing the return sweep means that a negative pulse 
of definite amplitude must be applied to the grid 
of the tube. This pulse, as is known, is obtained 
by means of a peaking resistance, whose value 
can be calculated from:

R peak — 

ct

Lt

\ /
where Ca is the capacitance of the charging ca­
pacitor, and Ri is the internal resistance of the out­
put tube.

Transformer Load Design

The design of a transformer-coupled output 
stage is similar to that given above, however the 
expressions for eac and iœ, and also for several 
other quantities, are different.

Fig. 5 shows the output stage with a trans­
former coupled load, while Fig. 6 shows the cor­
responding equivalent plate circuits. In these dia­
grams Lp and Rv are the inductance and resistance 
of the primary winding, and R, are the same
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This versatile, easy-to-handle, adjustable triangle is made of yellow-tinted optical- 
grade acrylic plastic. A clean-cut oval track fitted with metal knurled knob assures 
ease of operation and lasting tight fit.

New combination 
protractor-triangle 
speeds up drafting
Architects, Engineers, Builders, Field 
Surveyors, Mathematicians—anyone 
who develops solutions to measurement 
problems indirectly to determine a
wanted measurement graphically or 
mathematically—will find the Trig- 
Matk Adjustable Triangle a handy 
tool. It eliminates much of the graphic 
work necessary in estimating results or 
in checking for correct answers.
Versatility with accuracy
Basically the new Post Trig-Matk Ad­
justable Triangle is a mathematician’s 
tool—accurate to three decimal places.

It combines the functions of a pro­
tractor and a triangle into a simple 
unit, with two fundamental trigono­
metric relationships of a right triangle. 
The Trig-Matk provides accuracy 
within 0.1 % in problems dealing with 
any of the six trigonometric ratios of 
the sides of a right triangle.

The adjustable protractor has three 
sets of graduations. One set is grad­
uated in half degrees, labeled Degrees, 
and permits the use of the Trig-Matk 
as a protractor setting for determining 
any angle from 0 to 90 degrees.

The second set of graduations, labeled 
Slope, shows directly the Secant trigo­
nometric ratio of the angle indicated 
on the degree scale. The third scale, 
labeled Rise, indicates directly the Tan­
gent trigonometric ratio shown on the 
degree scale.

Examples
This new tool has a host of drafting 
and engineering applications. Highway 
designers find the Trig-Matk very use­
ful when making cross sections of road­
ways at ground level or below. By

An indicated angle of 40 degrees on the 
TrigMatk (1589) shows directly that the 
Rise is 8.4 to the base of 10.

setting the Slope scale to the degree 
desired, road-curve grades are auto­
matically determined. The protractor 
can be used to determine the angle of 
highway ingress and egress lanes.

Structural Engineers will find the 
Trig-Matk Adjustable Triangle a 
simple tool, eliminating the use of both 
a scale and individual triangles. In 
addition to the time saved, many of 
the errors usually associated with the 
older method are avoided. The Trig- 
Matk design eliminates the need of 
frequent reference to handbooks for 
information on various bevels.

Two Boses
The Trig-Matk No. 1589-12 has a 12* 
base scale for handy calculation in 
terms of feet and inches. Number 1589- 
10 has a metric base scale of 10.
Keep posted on all the latest trends in 
drafting. Consult your local Post dealer, 
or write to Frederick Post Co., 3644 
North Avondale Ave., Chicago 18, III.

SENSITIZED PAPERS & CLOTHS • TRACING & DRAWING MEDIUMS • DRAWING INSTRUMENTS & SLIDE RULES 

ENGINEERING EQUIPMENT & DRAFTING SUPPLIES • FIELD EQUIPMENT & DRAFTING FURNITURE 
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Arbor List 
of Over 
2000 Sizes

For: Automatic switching, circuit selec 
tion, and timing-control

Fig. 6. Equivalent plate circuits for the 
transformer-coupled output stage. High dielectric kraft, fish 

paper, cellulose acetate, 
DuPont Nylon, Resinite 
and combination tubes 
for any electrical/elec- 
tronic application.

Complete Coil Form 
Service....

Featuring: • 80 steps per second on im­
pulse drive • 30 contacts per bank 
• maximum 12 banks «only 17 oz. in 
weight • unique sequence switching

Inductance, Resistance and Capacitance Decades in extra­
compact and rugged design for accurate and dependable 
performance. Quality components used throughout to pro­
vide the same precise quality standards, electrically and 
mechanically, as finest lab-style equipment
Units housed in heavy-duty, seamless steel cases with 
durable gray finish. All one size—5¥s"L x 3¥s"W x 
2'Vi6"H. Black face plates with white markings. Highest 
value multiplier on left.
Available from all Aerovox Parts Distributors, write for 
descriptive literature...

HIGH-SPEED, MINIATURE 
STEPPING SWITCH

FREE
Technical Bulletin Service 

shows how to solve 
toughest problems!

The current in the Ly Ry branch

Any shape — round, 
square, oval, rectangu­
lar, triangular or spe­
cial. Any I.D..O.D. or 
length. All promptly 
available.

RAMSEY CORPORATION
Box SI3, Dept. P St. Louis 66, Missouri 
Without cost or obligation, put my name on 
your Technical Bulletin Service list and 
send your latest Catalog.
Name........................................................................
Address.....................................................................

photo % actual 
size

11 University Rd., Cambridge 38, Mass 
U.S AGENTS FOR GENERAL ELECTRIC COMPANY, LTD. OF ENGLAND 
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Ask about our spacial mandril and fabricating services 
Request Arbor List and Bulletin today. Send 

specifications for free samples.

Write today for complete technical data on the unique 
Miniature Uniselector — ALSO on the Two-Way and One-Way 

Stepping Switches.

tOtalS
I superior Solution to Retain»^

CIRCLE 769 ON READER-SERVICE CARD 
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it takes 2 modern types of retaining rings to solve 

, /Ei e of your retaining ring problems
A — AND —

/ fl j only RAMCO has BOTH!

2055 WEST CHARLESTON STREET • CHICAGO 47, ILL.
'J Plant No. 2: 1 Flower Street, Hartford, Conn.
REPRESENTATIVES THROUGHOUT UNITED STATES AND CANADA

CIRCLE 768 ON READER-SERVICE CARD

1360 coil-formod ring r 
the Improved X") y- 

die-formed ring ( (fi

Mail this coupon today

The current in the deflecting plates during the 
rise time of the sweep is:

for the secondary winding, Ld and Rd are the same 
for the deflecting system, and k is the coupling 
coefficient for the transformer windings. The 
analysis is based on the equivalent circuit of Fig. 
6b, in which:

PRECISION PAPER TUBE CO

modern, low-cost way

to precision

Here Is The Answer To Every 

COIL FORM REQUIREMENT

New Bedford, Massachusetts



ILL.

WHITE METAL 
extruded this com­
plex spool member in 
magnesium alloy AZ- 
31B. It has three 
radial support arms, 
interconnecting hub 
& external shell. 
Cylindrical surface 
takes high finish. 
2-1/16" O.D.; 0.12" 
wall.

see WHITE METAL 
for your complex 
MAGNESIUM alloy 
EXTRUSIONS
WHITE METAL ... and WHITE METAL alone . . . has 
£•.„ engineering experience and integrated magnesium 
facilities to turn many "impossible" designs into reliable, 
spec-meeting extrusions ... at lower cost.
Versatile WHITELIGHT magnesium gives you a virtually 
unlimited choice: any length, any shape, any alloy, any 
finish. 1
Call on our Sales Engineers for help In solving your com-

oTmCe TO0AYÎ •* WR,TE-

Send for fact-filled brochure on properties, 
uses, etc. of WHITEUOHT MAGNESIUM

¿TaV^HITE METAL ROLLING & STAMPING CORP.
/ 114 Moultrie St., Brooklyn 22, N. Y. • Phone EV 9-4134

Plants: Warsaw, Ind. & Brooklyn, N. Y.
On« st th« World’s Larfcst Prodicers of Ma«n«si«n Alloy MUI & Finished Prodoeti
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DRAKE “Tinylite”
Lampholders and Indicator Light Assemblies 
are the ideal units for space saving ...
The advent of the much smaller "Tinylite” style lamps opens 
up many new possibilities for miniaturizing all kinds of devices 
—-dial lighting, instrument indicators, scale lighting on transistor 
radios, toys and novelties ire a few examples.

DRAKE now offers a series of "Tinylite” Midget Screw 
Lampholders only 1/5 as large as standard units (with lamp 
installed); and "Tinylite” Type No. 121 Midget Indicator Light 
Assemblies, the smallest available Indicator Lights with replace­
able lamp and completely insulated from housing, supplied 
either with plastic dome lens or flat cap, lettered or numbered, 
and complete with lamp.

Investigate the many possibilities with these skilfully engi- 
neered subminiature units, which can save you both space and 
money.

* SEND FOR DATA SHEETS, 
QUICK REFERENCE 
CATALOG OF THE BIG 
DRAKE LINE

DRAKE
MANUFACTURING COMPANY
4624 N. OLCOTT AVENUE CHICAGO 31, ILLINOIS

MINIATURE LIGHTIHG SPECIALISTS
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The plate current of the tube is:
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where:
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This current produces a voltage drop across Rp 
and Lp (1 —k):
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The voltage across the tube plate during rise 
time is

Cac e I

where:

M = -

Up

y =

2

K t
T

New Coincidence Indicator For 
Transistor Monitor Circuitry

The KP-150 is a subminiature glow-dis­
charge indicator tube for transistor monitor 
service, which eliminates over a dozen other 
circuit components for coincidence applica­
tions; acts as an “and” gate; indicates. Its 
output may be used as a control, e.g., to close 
a relay. The KP-150 operates (glows) only 
when two coincident, low voltage signals are 
applied to its dual grids. This tube is specifi­
cally designed for transistor monitor service, 
and requires very low signal voltage and 
currents, thus preventing loading of the test 
circuit The KP-150, operated, with AC on 
the anode, is grid-controlled, that is, will 
conduct (glow) when a grid signal is pres­
ent, and is off when the signal is removed. 
For “memory” applications, the KP-150 may 
be used with DC anode supply. In this case, 
the operation is that of a conventional thyra­
tron. The tube remains on (glows) until the 
anode current is interrupted, thus providing

KP-150, an electrical memory. A bright, “ball-of-fire” 
Actual size discharge provides exceptional visual indica­
tion which fills the tip of the tube, indicating in areas 
of high ambient light without special masking. No spe­
cial mounting orientation is needed, as the tubes may 
be viewed from any angle. The KP-150 is in produc­
tion and in stock. A single control type, the KP-145A 
is also available. For further details, data sheets, etc., 
contact

KIP ELECTRONICS CORPORATION 
Dept. 611, Box 562, Stamford, Connecticut 
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New Cold Cathode Thyratrons

Stable, Rugged, Subminiature

RxRpT
K = —-----------

2kLp

(1 - k)R' +
K

T 
kLp

I - -

kLp

2
T

kLp
b. _ M'
6 T/_

Expressions 32 and 35 make it possible to draw 
the load line and compute the excitation voltage

The KP-96 is a high gain, grid controlled 
cold cathode tube for time delay, trigger, 
counter and energy transfer circuits. New 
design features include small size (T-2) sub­
miniature envelope, only 0.3" in diameter, 
rugged construction and stable anode hold- 
off and grid-firing voltages. Within the 
anode supply voltage range of 100-300 v, 
the firing of the tube is controlled by ap­
plication of voltage to the grid (95v). The 
transfer current is far lower than previously 
available, equalling less than 1.0 micro­
ampere. The KP-96 offers a higher ratio of 
anode hold-off voltage to grid-firing voltage 
than available before, smaller size, rugged 
structure, operation in both light and total 
darkness, high efficiency energy transfer. 
Since it requires no filament power supply, 
the KP-96 stands by at full sensitivity con­
suming no power. Radioactivity is included 
for operation in total darkness. Another 
model, type KP-96A, is available without 

radioactivity for use under ambient light conditions. For 
details on this and other special purpose electron tubes, write

KIP ELECTRONICS CORPORATION
Dept. 610, STAMFORD, CONNECTICUT
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chtpdramn MAGNESIUM BOXES
AND COVERS in standard sizes

NO TOOLING COST!

Now, for the first time you can order standard deep 
drawn magnesium boxes and covers, in sizes ranging 
from 1%" to 18%", all in a full range of depths, from 
stock tooling! Thousands of sizes to choose from . . . 
all with no tooling cost! Fast delivery, in most cases 
from stock.
Your inquiry is invited on custom magnesium deep 
drawn parts. Low cost “Zero-Method” tooling makes 
even short runs practical and economical. Contact your 
Zero Representative or send print for quotation.

WRITE FOR NEW MAGNESIUM BOX CATALOG

ZERO MANUFACTURING CO.
1121 Chestnut Street, Burbank, California . 
Telephone Victoria 9-5521 • TWX BRK-9862 /
Factories in Burbank, California and Palmer, Mass

representatives in 26 key citie» nationwide
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* If It'» Now, If* No Doubt

NEW! 7000-G TAPE
ixtromo Tomporaturo ¡tango —110° to +550° f.

MYSTIK BRAND FIBERGLAS TAPE
with Silicone Adhesives

A new concept in pressure-sensitive tapes— 
an essentially inorganic pressure-sensitive 
tape accepted by the aircraft, electrical and 
electronics industry.

7000-G has a tightly woven, high-tensile 
Fiberglas® backing with a pressure-sensitive 
silicone adhesive. Superior thermal and elec­
trical properties make it ideal for many appli­
cations previously not possible for pressure­
sensitive tape.
(Conforms to Government Specification MIL- 
1-19166. Approved as Class H Insulation.) 
Write for full information on Mystik Brand 
7000-G and the complete Mystik line of high 
and low temperature tapes using silicones with 
Mylar®, aluminum, copper, and Teflon.

Mystik Adhesive Products, Inc.
2635 North Kildare Ave.

Chicago 39, Illinois

PACKAGING • PROTECTIVE COVERING • PRINTABLE • ELECTRICAL TAPES
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by the three-point method. The following expres­
sions are also used:

where C is determined from

a = cot-1 Rp,
T

C = 1 - — 
dLp

Sp€ 
C'l 
sl C 
a n

IM - 1 - p- 
a' = cot"1 Rp-----------------

M + 1 + R,

_ L -a , - . •
ilptak / rj lì ’

CalRa + Ri-}-^

— T

In ( I -%
\ Eq

A €a — Eq
T\ 2

1 — e~2r )
UjCT

4C. ’

The symbols in these expressions are the same 
as above.

This article abstracted from Design of Final 
Stage of a Vertical Sweep Generator by A. A. 
Zakharov in Radiotekhnika. No. 11, November 
1959, Vol. 14, pp. 43-51.
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Pulse-Input Rise Time in Pulse

Transformer Design

L. Z. Gololitsyn

WHEN PULSE transformers are used in 
pulse generator circuits, the duration of 

the output-pulse front depends on the parameters 
of the pulse transformer, the resistances of the 
pulse generator and the load, and on the rise time 
of the input-pulse front.

The rise time used in the design of pulse trans­
formers is determined from the equivalent circuit 
of the pulse transformer, Fig. 1. Usually it is as­
sumed that a unit step voltage is applied to the 
circuit

The equation for the front of the output pulse

contains one variable parameter o, and is given 
by the following function of time:

Ut (e) = f ’ Rl
R, + Rl

e-a2>rO f - sin 2 TT P 0 4~ COS 
\ F

where

a =

a ft fÏ’ e = ^'’ ”

1 ( 1
2\RlC

1
LC

R»

Rl.

Ul

Fig. 1. Pulse transformer equivalent circuit.
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Here Ul is the load voltage, Ug, the generatori J 
.14—D 4.1, „ ___J -„4.________voltage, Rl, the load resistance, Rg, the generator!

resistance, C, the distributed winding capacitance, I 
and L, the leakage inductance. Q —*

By plotting UL/Ug (1 4- Rg/RL) vs. 0 for various J 
values of a, it is possible to select the optimum Ag 3, 

CIRCLE 776 ON READER-SERVICE CARD >1 C «CLE

ELECTRONIC DESIGN • March 16, 1960|UCH



FREQUENCY STANDARDS

(41 j

amo

30‘C
Input, 115V (50 to 400 cycles)

given

American Time Products, tnc,
Telephone: PLaza 7-1430 580 Fifth Ave, New York 36, N. Y.
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FREQUENCY STANDARD
TYPE 2005

Size, 8" x 8" x 7 %" High 
Weight, 14 lbs.

Frequencies: 50 to 400 cycles 
(Specify)

Accuracy: ±.001% from 20 to 30’C
Output, 10 Watts at 115 Volts
Input, 115V. (50 to 400 cycles)

FREQUENCY 
STANDARD
TYPE 211 IC

Size, with cover 
10" x 17” x 9” H.
Panel model

10" x 19" x 8 H.
Weight, 25 lbs.

Frequencies: 50 to 1000 cycles
Accuracy: (±.002% at 15’ to 35’C)
Output: 115V, 75W. Input: 115V, 50 to 75 cycles.

ACCESSORY UNITS 
for TYPE 2001-2

L—For low frequencies 
multi-vibrator type, 40-200 cy.

D—For low frequencies 
counter type, 40-200 cy.

H—For high freqs, up to 20 KC.
M—Power Amplifier, 2W output.
P—Power supply.

¿/This organization makes frequency standard 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern, 
ment departments, armed forces—where maxi.

I \ lue of a, satisfying both qualifications of rise 
I t ne and specified “overshoot” of the input pulse.

Usually a is chosen to range from 0.7 to 1.2. For 
I s ecific Rg and Rl, the length of the front (at b = 

c nst) diminishes if o > 0.7. However, the over- 
si oot of the pulse will exceed 0.05 Um, which as 

I a rule is not a recommended load condition. With 
g > 1, there is no overshoot at the peak of the 

j pulse, but the front of the pulse is excessively 
I stretched out.

If a pulse of finite rise time is applied to the 
transformer input, the transient depends not only 
on o, but also on the rate of rise of the input­
pulse front. In this case, a value of n in the range 
from 0.7 to 1.2 may lead to an undesirable stretch­
ing where

PRECISION FORK UNIT
TYPE 50

Size 1" dia. x 3^" H* Wght., 4 oz. 
Frequencies: 240 to 1000 cycles 
Accuracies:—

Type 50 (±.02% at —65e to 85’C)
Type R50 (±.002% at 15° to 35°C)

Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 
Output, approx. 5V into 200,000 ohms

In this case, the formula for the front of the 
output pulse contains the variable parameters a 

I and 8o> and is also a function of the time 0.
The form of the output voltage for different 

lvalues of a and 80, is shown in Fig. 2. It is seen 
I from these curves that the longer the wave front 
J of the input pulse (decreasing 80), the larger the 

! value of a that can be used as the design parame­
i ter for the pulse transformer. This makes it pos- 
U sible to reduce the length of the output pulse and 
j to stay within the permissible overshoot.

1 These curves are given for frequently en- 
1 countered values of o and 80, and can be used in 
practical calculations of the front duration and 
Ihe voltage overshoot of the output pulse.
I For pulses with coefficients of that differ 
from those given in the curves, approximate inter­
Delation can be used, of the output pulse front.

| This is particularly evident if the pulses are gen- 
?rated by two-terminal networks, in which the 
Dulse front duration is approximately 0.1 or 0.2 of 

j he pulse duration.
Consequently, the transient response of the 

equivalent circuit must be determined, not for a

PRECISION FORK UNIT 
TYPE 2003

Size dia. x 4W H* Wght. 8 oz. 
Frequencies: 200 to 4000 cycles 
A rr ii vapipq * - -r

Type 2003 (±.02% at —65° to 85’C)
Type R2003 (±.002% at 15° to 35°C)
Type W2003 (±.005% at —65° to 85"C)

Double triode and 5 pigtail parts required 
Input and output same as Type 50, above

FREQUENCY STANDARD AP^- , 
TYPE 2007-6

TRANSISTORIZED, Silicon Typ^
Size 1W dia. x 3^" H. Wght. 7 ozs.

Frequencies: 400 — 500 or 1000 cycles 
A I'm ip Ji *

2007-6 (± .02% at —50° to +85’C) 
R2007-6 (±.002% at 4-15° to +35°C) 

W2007-6 (±.005% at—65’ to +125’C) 
Input: 10 to 30 Volts, D. C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms

(QO5-035K so-nsw.

3. Output pulse duration vs. with o = 0.7.
C RCLE 776 ON READER-SERVICE CARD
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FREQUENCY STANDARD 
TYPE-2001-2

Size x 4^4" x C" H., Wght. 26 oz.

Frequencies: 200 to 3000 cycles
Accuracy: ±.001% at 20" to 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.

FREQUENCY STANDARD 
TYPE 50L

Size 3 %" x W x 5^" High 
Weight, 2 lbs.

Frequencies: 50, 60, 75 or 100 cycles
Accuracies:—

Type 50L (±.02% at —65’ to 85’C)
Type R50L (±.002% at 15’ to 35’C)

Output, 3V into 200,000 ohms
Input, 150 to 300V, B (6V at .6 amps.)

FREQUENCY 
STANDARD
TYPE 2121A

Size 
8%" x 19" panel 
Weight, 25 lbs. 

Output: 115 V 
60 cycles, 10 Watt 
Accuracy: 
±.001% from 20’ to

WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER

leratoi 
aerator 
itance.

e e
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SEMICONDUCTOR TEST 
EQUIPMENT AVAILABLE

0.1 Ò7 ÒJ 

v-0.7

WITH THE 

MOST COMPLETE 

LINE OF 

TRANSISTOR &

8^10 
8 
6 
4

20
15
12

I o 

0.6

CUM UAta THE 
TEST

CURVE TRACER, MODEL MW-1 (Shown with tube adapter) 
Baird-Atomic’s Curve Tracer, Model MW-1, is the finest of its type. 

It is designed to display families of characteristic curves for PNP and 
transistors in either common base or common emitter configurations.

Both input and or output current or voltage may be selected as components of 
the curves displayed. Its operational range includes the highest maximums 

(30 A collector current continuous duty — 50 A intermittent and 450 watts maximum) 
and the lowest impedances (minimum observed .OOI ohms to 10 megohms) 

presently available. Maximum input drive current is 5 amperes and the MW-1 features automatic overload protection. 
These features make B/A’s New Curve Tracer the most versatile on the market.

MODEL KP-2 SERIES 
GENERAL PURPOSE 
TRANSISTOR TEST 
SET >
(for medium power 
transistors upto 2A)

MODEL KT-1 BETA TESTER
(for Beta hie and lco)

«

fk a.

• r

MODEL GP-4 
TRANSISTOR TEST

SET ►
(for low power transistors- 
h parameters)

0

cr-0.6

8^^ Cß
04-

0

put v<

Qi

6
Tit w i5

unit step input, but for an input pulse with a
finite rise time. With accuracy sufficient for prac­
tical calculations, the front of the input pulse Xf, 
can be represented by an exponential function

It i 
that c 
Is a f

If the front duration is estimated between the( d 
levels (0 — 0.9) Um, then b = 2.3/xfr; for (0.1-|iause 
0.9) Umb = 2.2/x1r, while for (0.05 — 0.95) Umb =4f the 
2.94/t/n When a voltage varying in accordance |econ< 
with this relation is applied to the equivalent cir l Ige d 
cuit, the wave form of the output can be deter fransfi 
mined from the formula: Bore, tMODEL JJ SEMICONDUCTOR 

* MINORITY CARRIER LIFETIME
TEST SET

MODEL NA-1 COMPONENT SELECTOR 
(for inspection of 2 or 3-terminal components)

For more complete technical data on BA’s line of transistor
& semiconductor test equipment, write to:

i)f the

MODEL JN 
RESISTIVITY 
TEST SET

vL (9) =
Rl + R,

1------------ ----------------
ôo2 ~ 47raôo 4“ 4rJ

- sin 2 ir v 0 -|- cos 2 ir v 0 ) (502 — 4 ir a ¿2) 
y /

^2 sin 2 r pO 4- 4 r2 - 2">
v

Îhe fin 
hoose 

[ Boscd 
■ Ä cc 
Ige wí 

(2| ? o

or else it is possible to plot the dependence of thes 
duration of the output-pulse front Q/r (in relative

ie; t v 
3 his

'ir e c

shown in Fig. 3 for a = 0.7.
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33 University Road 
Cambridge 38, Massachusetts

SEE US 
AT THE IRE SHOW 
BOOTHS 3219 & 3221

units) on ôo for various values of o. Such a plot il eri
cVimim in Fier I I nr ft — 0 7 8 34
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econciled with requirements concerning the volt-

, (2 j im< of the input pulse front, gave good agree-

o 14, No. 11, 1959, pp. 52-55.
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nt cir- 
deter-

ie't with experimental observation.
This article is abstracted from Effect of Rise

rith a 
prac- 

Ise t/, 
action

|Fig. 2. (Above and opp. page) Pulse transformer out-
■put voltage for various values of a and So*

m the 
:o*i-
J mb =j bf the output pulse are not unique, but must be 
dance

of the
elativi °f ^e Input-Pulse Front in Pulse Trans- 
nloti 2ers bV %- Gololitsyn in Radiotekhnika,

Xpyramid ELECTRIC COMPANY
Technical Bulletin Department Union City, New lersey 

Factories: Darlington, S. C. • Gastonia, N. C. 

In Canada: WM. COHEN, LTD., 7000 Park Ave., Montreal 
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| It is difficult to recommend a design procedure 
Shat determines uniquely the optimum value of <j 

is a function of the rate of rise of the front of the 
input pulse. To do this would require substantial 
nodification and complication of the methods 
ised for pulse transformer design. This is be­
cause the requirements that are made on the front

ige droop on the flat part of the pulse, losses, 
ransformer size, etc. In the present article, there- 
ore, the determination of the front duration and 
>f the voltage overshoot are limited to a verifica- 
ion based on the usual graphical calculation of 
he value of a. This calculation takes into account 
he finite rise time of the input-pulse front, and 
houses a so that it satisfies the requirements im- 
)oscd on the output-pulse front

A computation of the transformer output volt- 
ge waveform, taking into account the finite rise

19ó(

0.0 
0^10 

ô 
6 
4

nnfì
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LONG-FIELD RELIABILITY AT 
LOW, LOW COST 

PYRAMID SUBMINIATURE 
ELECTROLYTICS

Pyramid’s type MLE is an exciting new metal tubu­
lar construction in subminiature electrolytics that, 
for the first time, assures over ten years of service 
when operated within stated electrical specifications. 
Pyramids type ML construction is for dependable 
operation in less critical circuits.

Temperature ranges:
Type ML: —30°C to +85°C 

Type MLE: -40°C to +85*C
Design and applications engineers will welcome the 
reliability in these new subminiature electrolytics. 
Low dissipation factor and low leakage add to the 
unusual stability of these highly dependable units. 
See for yourself the specifications that make these 
capacitors the best low cost subminiature electro­
lytics available for critical low current circuitry.
Write today for Pyramid Bulletins EL 5 and EL 6.
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Microwave Drying
of Dielectric Materials
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shown in Fig. 3, with fabric

article by W. Schmidt,
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Fig. 2. Efficiency, q, as a function of mois­
ture content, H, for a cotton strip 500 mm 
x 0.5 mm.

• 1 TO 16 WAFERS
• % - 32 SINGLE HOLE MOUNT

• CARRY 10 AMP CONTINUOUS
. . . MAKE & BREAK . . .

5 AMPS 115 V.A.C-3 AMPS 28 V.D.C

ELASTIC STOP NUT CORPORATION 
OF AMERICA

2330 Vauxhall Road, Union, N. J.

mode (Hio mode) is cut at the midpoint of the, 
larger dimension of the rectangular guide, exactly I 
as in a “slotted” section. When the moisture con * 
tent of the material is large enough to absorb all! 
the microwave power, the waveguide arrange * 
ment can be terminated in a short-circuit. Eft * 
ciency as a function of moisture content is shown I 
in Fig. 2 for the eight section arrangement of Fig I 
1. Moisture content as a function of number ol I

ELECTRONIC DESIGN • March 16, 19601

DIELECTRIC MATERIAL
(PAPER,ARTIFICIAL MATERIAL OR FABRIC)

Elektronische Rundschau, Vol. 13, No. 10, October 
1959, pp 359-361.

TO SHORT CIRCUIT WAVEGUIDE
OR IMPEDANCE TERMINATION HINGE SECTION

. 1" DIAMETER
POSITIONS - 30

POSITIONS - 36
POSITIONS - 45

DIELECTRIC strips and foils, such as printed 
or impregnated paper or fabric, can be effi­

ciently dried by microwave frequencies. To avoid 
exceeding the dielectric strength of the material, 
the strip is drawn through a meandering wave­
guide arrangement, shown in Fig. 1. The material 
moves so that its driest portion passes over the 
input section of the guide and its wettest portion 
enters at the load end, where the field is weakest. 
Because of the variation of dielectric constant 
with drying, the power absorption, at a frequency 
of 2.4 kmc, for example, per section of waveguide, 
is approximately constant.

The slot in the waveguide for the dominant

ROLLPIN 
APPLICATION 
— DATA!

I Esna’s latest Rollpin 
/■ booklet gives you valu- 

I able information on 
r 1 where to use and how to 
4 I install these versatile, 
J 1 all-purpose fasteners. A 

I slotted, chamfered, cyl- 
Z| indrical spring pin, Roll­

I pin locks securely in 
I place—yet can be drifted 

11 out and used over and 
9 ' I over again. Write for it 

As I today and see how Holl
I pins can simplify design 
I and production opera­

tions. Address Dept. 
LIB R55-357.

JANCO CORPORATION
3111 WINONA, BURBANK, CALIF.

TOTALLY ENCLOSED

QUALIFIED TO MIL-S-6807A

Fig. 1. The dielectric 
material is drawn 
through a meandering 
waveguide system, ab­
sorbing varying amounts 
of microwave power.

Fig. 3. Moisture content H, as a function of 
number of sections n, with pull-through speed 
as a parameter. The width of the material was 
500 mm; microwave power input, 2.5 kw.
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Testing Linear Low-Pass Networks

Fig. Ib. Response to impulse 
and to impulse train (dotted) 
of an ideal low-pass filter.

E. Brenner

1 X-5% ***%

OBSERVATION

SQUARE WAVES or periodic pulses are com­
monly used laboratory signals for examining 

network behavior. To determine the response of 
the network to a single pulse or step, the repeti­
tion rate of the periodic signal must be low 
enough so that the observable effect of die pre­
ceding pulse is negligible. Using an “ideal” low- 
pass filter as a model (constant gain and constant 
time delay in the passband, infinite attenuation 
above the cut-off frequency), the response to a 
symmetrical square wave compared to the step 
response is shown in Fig. la. The response to a 
periodic impulse train compared to the single 
impulse response is shown in Fig. lb. Using 
analytical results for the ideal filter, numerical 
criteria relating certain error parameters to the 
repetition frequency can be established. Also, it 
can be shown, both analytically and experimen­
tally, that these criteria are applicable to physically 
realizable filter networks with negligible error.

To compare square wave with step response, the 
quarter cycle of the waveform, which includes the 
rise of the leading edge, is observed, Fig. la. The 
difference between the envelope, along which the 
step response approaches steady state, and the 
steady state value is denoted by x. The difference 
between step and square wave response is meas­
ured by the corresponding maximum fractional 
envelope difference, k. If k — x then the repeti­
tion frequency f is related to the cut-off frequency 
ft, by the approximate relationship f n kmaxfg

The rise-time with periodic square waves, TR, is 
related to the rise time with a step input, TR0, by 
the approximate formula

When narrow pulses are used to test the net-

and
ideal

ENVELOPE OF SINGLE 
IMPULSE RESPONSE 11 lx

INTERVAL -- -------------- «

la. Step-response (solid line) 
square-wave response of an 
low-pass filter.

Fast Service is the big “plus” you get at GEE-LAR—the 
House of Knobs. Hundreds of styles, sizes and types, in­
cluding deluxe Gold Inlay Knobs, are stocked ... quickly 
shipped to you in any quantity. Best of all, your costs are 
always moderate... there’s no charge for tooling or molds.

ÂsfsÉW1'®! l“* .«red 
cse-Lot '* G*'the

. G î «to deW*®r'et’ 
i pedíate »

KNOBS FOR
Television • Home Radios 
Phonographs • Clock Radios 
Auto Radios • Instruments ... 
many others.

work, the result of the impulse calculation is ap­
plicable. In this case, x is defined as the fraction 
of peak pulse output to which the envelope has 
decayed with an impulse input, and k is the differ­
ence between x and the envelope decay with a 
periodic input. The observation time is half the 
repetition period. Denoting by n the ratio of repe­
tition frequency to cut-off frequency, the maxi­
mum error, k, is shown as a function of 2 it fgt, 
with n as a parameter in Fig. 2. For k x the 
repetition frequency is related to cut-off frequency 
fg by the approximate formula f « 2kmaj;fg

Abstracted from an article by R. Elsner and 
K. H. Steiner, Nachrichtentechnische Zeitschrift, 
Vol. 12, No. 12, December 1959, pp 618-624.

G-C ELECTRONICS CO.
Division of Textron Inc.

West Plant: Los Angelos 18, California 
Main Plant: Rockford, Illinois, U.S.A.

WRITE today for your big, free illustrated Gee-Lar Catalog. 
No obligation!
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X-5%

TESTS CLIPS 
with

ADJUSTABLE TENSION
Grayhill Test Clips, designed for 
panel mounting, permit faster 
testing without manual opening 
and closing of jaws Tension 
easily and simply adjusted by 
turning hex nut. Standard (No. 
2-0) projects 1.25" above panel 
—Miniature (2-20) projects only 
Va" . Also available with banana 
plug, pin jacks or molded board 
mounting (10 standard varia­
tions available.)

X-
X-’5% .

mi

mt

n*C 
ml2

20 uet

Fig. 2. Maximum envelope differential between 
the response to a single impulse and to periodic 
impulses of an ideal low-pass filter.

U

Write for Catalog

Grayhill 
Tests 
Clips

Phone: FLeetwood 4-(AM 
565 Hillgrove Avenue, ‘■'I 
LaGrange, Illinois

• PIONEERS IN MINIATURIZATION’ 
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NEW Beattie "AfùueC&Mut," Oscillotron

Now! 0
ELECTRONIC DESIGN

DIGEST
of recent papers and literature

answers your 
every need!

Spectrum Analyzer
Photos Measure AF

Distortions

AUDIO-FREQUENCY distortion measure­
ments can be made accurately and rapidly 

with an automatically scanning audio-frequency 
analyzer.

The crt photographs shown were taken on 
Panoramic Sonic Spectrum Analyzer, model LP-Ia' 
They illustrate the display methods this type oi 
analyzer uses when making certain audio fre 
quency measurements.

Digested from The Panoramic Analyzer, Vol. 1 
No. 5, Techniques of Swept Audio Measuremen
Panoramic Radio Products, Inc., Mount Vernon 
N.Y.

Whatever your requirements in oscilloscope photography, the versatile 
new Beattie “Minute Man” Oscillotron can do the job superbly well. An 
entirely new concept in simplified design, it is a light, compact, precision 
instrument built for rigorous duty.
Equipped with large Polaroid * Land back for 60 sec. prints or slide trans­
parencies. Object to image ratio - 1 to 0 9. Records up to 9 traces on a 
single frame.
75mm f/2.8 Wollensak lens in Alphax #2 shutter. Precise, split-second 
focusing. Modular design permits instant conversion for a wide range of 

’ instrumentation photography. A truly fine camera at a remarkably low
price. Write for complete information.

MAXIMUM VERSATILITY WITH THSSS ACCESSORIES:

Binocular viewing hood 
Data card to record in frame 
Data c hamber with watch, 
platen, and counter

75 mm f/1.9 lens 
(standard or flat-field) 

Positive electric remote 
shutter control

35mm camera
35mm pulse or 
continuous 
motion magazines

Int 
Dh

Fig. la. A power amplifier was 
driven almost to its clipping level at 
1 kc. Visible are the 2nd harmonic at 
2 kc at —40 db, or 1 per cent dis­
tortion, and the 3rd and 5th har­
monics at —31 db, or 3 per cent dis-

Swing out. lift off camera for 
easy accessibility. Direct-view 
hood is one of many accessories.

S /A BASIC CAMERA
Only / 'M I «

■ f j p Il f IN TOP PHOTO

"Polaroid” <R> by Polaroid Corp.

'Trade Mark

MAN ine
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odd 
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tortion. Several higher order 
harmonics are also visible at 
low amplitude levels.

1000 North Olive Street, Anaheim, California 
Branch: 437 Fifth Avenue, New York, N. Y.

See us in Space 3823 at the I. R. E. Show



Now in magnesium and aluminum

easure- 
rapi I 
pieno

Vol. li 
ment 
'crtivn

i on s 
LP-la 
ype oi 
io fre

Intermodulation 
Distortion (IM)

Fig. Ib. The amplifier was 
driven well below its clipping 
level. The fundamental tone 
was deflected 20 db over 
full scale to show the low-level 
harmonics. Visible are the 2nd 
harmonic at —52 db, or 0.25 
per cent distortion and the 
3rd harmonic at —60 db, or 
0.1 per cent distortion.

DOW.
400-TON PRESS draws end pieces of magnesium 
transmitter housing for missile ground support 
electronic system. Heated dies make possible 
one-step draws.

ARE YOU USING 
DOW’S EXTENSIVE 

FABRICATION FACILITIES?
Capacity and outstanding capabilities now available for both 

magnesium and aluminum fabrication, finishing and assembly.

Fig. 2a. A signal consisting of 
a low (100 cps) and high (7 kc) 
audio frequency signal in a 
4:1 amplitude ratio (12 db) was 
fed into the power amplifier. 
The output is pictured on the 
analyzers 20-kc logarithmic 
sweep.

I960' LECTRONIC DESIGN • March 16, 1960

"WRAPPER," or shell of housing is roll-formed of 
magnesium sheet.

AUTOMATIC ARC WELDER, using tungsten-inert 
gas process, joins end to wrapper.

The electronic transmitter housing 
shown in various stages of production 
on this page is a good example of the 
type of work carried on at Dow’s Bay 
City fabrication plant. It is a large 
and complex assembly which is pro­
duced in quantity, involves many 
operations, and must conform to ex­
tremely high standards.
Large or small jobs. The Bay City 
plant is a large, well equipped produc­
tion facility set up to handle large or 
small jobs, and plenty of both. Its 
activities encompass every phase of 
fabrication—deep drawing, bending, 
spinning, stamping, piercing, machin­
ing, arc and spot welding, assembling, 
chemical treating and painting. The 
facilities are government certified.
Engineering and quality control. Dow 
engineers working closely with the 
customer are frequently able to sug­
gest design modifications which cut 
costs and/or meet application require­
ments better. A quality control team 
using modern methods and equipment 
assures that high standards of crafts­
manship are rigidly maintained.
Many "jirsts.” The Bay City fabrica­
tion plant has pioneered many devel- 
opments in the production of 
magnesium parts and products. They 
were first to hot draw the lightest 
structural metal, and first to spot weld 
and automatically weld it. They have 
also been a leader in the production 
use of chemical treatments and fin­
ishes for magnesium.
Whatever your requirements, if they 
involve magnesium or aluminum fab­
ricated parts or assemblies, it will pay 
you to make Dow your supplier.

■M
For more information contact your Dow Sales 
Office or write today for an illustrated brochure 
discussing Dow fabrication services, the dow 
METAL PRODUCTS company. Midland, Michigan. 
Merchandising Department 1010BC3-16

HMMi

ASSEMBLY involves attachment of doors, hard­
ware, components using riveting, bolting.

DOW THE DOW METAL PRODUCTS COMPANY
Division of The Dow Chemical Company
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DIGEST

Low Noise

VHF and UHF

Amplifiers and Preamplifiers
SERIES 1000

For application as receiver preamplifiers or 

wide band i. f. amplifiers ... in scatter 
communications systems, laboratory, or 
nuclear research. Eight standard models 

cover VHF and UHF to 900 me. High gain, 
low noise. Special pass bands available.

Fig. 2b. Using the same test 
frequencies as in Fig. 2a, the 
analyzer was set for a 200 cps 
linear-sweep to bring the 7-kc 
carrier to full scale deflection. 
Sidebands now appear at 
—31 db or 2.8 per cent of the 
carrier level. Since the ratio 
of sideband to carrier ampli­
tude is half the modulation 
percentage, the IM distortion 
is 5.6 per cent

Write for complote details:

COMMUNITY ENGINEERING CORPORATION
STATE COLLEGE, PA.P.O. BOX 824
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sweep generators

ASSEMBLED»-

o 2.5KC SKC Z5KC iOKC 12.SKC I5KC I7.5KC
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^E/CO

EICO

voltmeters 
volt-ohm-

milliammeters

Fig. 2c. Two equal amplitude 
signals—one at 3 kc, the other 
at 4 kc—were passed through 
a power amplifier. The differ­
ence tone near 1 kc is clearly 
visible some 34 db below the 
two-tone level. Also visible are 
third order distortions near 2 
kc and 5 kc, as well as test fre­
quency harmonics and various 
harmonic cross-products.

Advanced techniques permit modification 

of standard units at minimum cost.

L®

Ready-to-use 
for professional 
and home use

SEE YOU AT IRE BOOTH 3505 
CIRCLE 787 ON READER-SERVICE CARD

you save 50% 
on Top-Quality 

•Test Instruments 

Hi-Fi • Ham Gear 

KITS AND

TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
decade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes 
signal and

LIFETIME service and calabratlon guarantee. 
IN STOCK at your neighborhood EICO dealer. 

Send now for FREE catalog ed-3

• 33-00 N. Blvd., L. I. C. 1, N. Y. 
¿=7 .. . praised by the experts 

as BEST BUYS IN ELECTRONICS

Il

send for this

FREE
Electronics 
Catalog

HI-FI
stereo and monaural 
tuners
preamplifiers 
power amplifiers 
integrated amplifiers 
speaker systems
NAM GEAR
cw transmitter 
modulator-driver 
grid dip meter
OVER 1 MILLION 
EICO instruments In 
use throughout 
the world.

Loudspeaker Response Tracing

Fig. 3a. A composite of four screen photos show the 20-20,000-cps response of a speaker 
system. The analyzer was set at a 5-kc linear-sweep width, at center frequencies of 2.5 kc, 
7.5 kc, 12.5 kc and 17.5 kc. A Panoramic Triangular Wave Generator produced a sweep 
duration of 10 sec for each 5000 cycle segment. Ambient noise is seen to roughen the trace.



SPECIFICATIONS

2 OMC

CIRCLE 788 ON READER-SERVICE CARD
299

The DiSONtegrator Is VERSATILE
In addition to super speed, surgical precision cleaning it can be used to. 
brighten, quench, degrease, impregnate, decontaminate, pickle, etch, 
dip coat, emulsify, degas liquids, anodize, dye, mix, accelerate reactions.

We will pay all shipping charges 
to any point within the con­
tinental limits of the United 
States (not including Alaska and 
Hawaii), if you enclose check 
with order.

I INTRODUCTORY OFFER
| Money Refunded (less shipping charges) if not completely satisfied.

The DiSONtegrator System Forty ULTRASONIC CLEANER is attractively 
styled, ruggedly-built, and work-tested to give a lifetime of trouble-free 
service.

The DiSONtegrator works FAST
In SECONDS you can disintegrate soils on-, radioactive lab apparatus; 
glassware; medical instruments; test tubes, syringes, hypodermic 
needles; dental instruments, drills, burrs, false teeth, bridges; 
fossils and fossil foraminifera; electronic components, semi-conductors, 
crystals, switches, precision potentiometers; optical parts, lenses, 
plastic contact lenses, eyeglasses,- timing mechanisms; small gear trams; 
miniature printed circuit boards; and hundreds of other items.

Ultrasonic cleaners are widely used 
in production lines, maintenance departments and laboratories. You 
should have at least one DiSONtegrator if your field is Electronic, 
Optical, Glass, Clinical, Biological, Textile, Oil, Food, Paper, Dental, 
Plastic, Drug, Rubber, Wood, Chemical, Isotope, Geological, Agronomi­
cal, Metallurgical, Anthropological, Paleontological, Petrochemical, 
Ceramics. Dairy. Brewery, Beverage, Confectionery, Laboratories, Photo­
graphic, Paint, Bottling, Cosmetic, Pharmaceutical, Metal Working, Metal 
Finishing, Die-Casting, Foundry, Plating, Metal Treating, Automotive, Air­
craft, Horological, Jewelry, Medical, Marine, Mining, Utilities, Power 
Plants, Instrumentation.

I understand that my money will be refunded if not completely 
satisfied after 5 day trial.
□ check enclosed (freight prepaid) C C.O D.
□ bill me (rated firms only) □ Please put us on your mailing list

FOR THE FIRST TIME - you have a choice of 6 beautiful decorator 
colors to harmonize with your office or laboratory decor: Ivory, 
Wheat yellow, Turquoise, Desert sand, Pale green and Soft gray. 
Please specify color when ordering.

In seconds you can remove:
rust, oxides, shop dirt, dust, lint, preservatives, finger prints, machining 
chips, extrusion lubricants, paraffin, wax, paint, varnish, lacquer, plastic 
residue, resists, silicones, greases cooked food residue, blood, plaster 
of pan's, lapping compounds, carbon, radioactive particles, polishing 
compounds, shale, diatomite, volcanic tuffs, clay and sand, graphite, 
starches, cutting oils, heat treat scale, color stains, foundry sand, 
abrasives, quenching oil, salts, pitch, asphalt, tar, inks, adhesives, 
jewelers rouge, tripoli, resin flux, acid flux, many others.

Aly name k Pau! M. Platinum,
I pioneered the ultrasonic industry. Two well known ultra­

* sonic companies were founded by me. Now, I have created 
s I a new organization, Ultrasonic Industries, lnc.v based on 

a revolutionary approach to mass producing and selling 
ultrasonic equipment. No middleman’s profit in this fac- 
torT — direct-to-you deal.

Tremendous savings are passed on to you the customer bringing form- 
'erly high-priced ultrasonic cleaners within the range of everybody’s 

4 budget. My products stand out because of their distinctive appearance, 
I unbelievably low money-back-guaranteed prices—free five year serv- 
| ice contract, and consistent trouble free performance under the most 
■ gruelling conditions. This is possible because my DiSONtegrator 
I generators and transducers incorporate the latest advances in ultra- 
■ sonic technology.

Including tank, con­
necting cable and 
instruction manual 
(export model: 220V 
— 50 cycles |7.50 
extra)
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The DiSONtegrator Features:
Simplified one knob control for easy operation. High Frequency sound 
waves disintegrate harmful soils and contaminants in seconds.
Saves time and labor, boosts production rate, improves product. You 
can replace hazardous chemicals with safe solvents and even water.

UNPRECEDENTED FREE 5 YEAR SERVICE CONTRACT
The DiSONtegrator — System Forty is available from stock for im­
mediate delivery in unlimited quantities.

GENERATOR INPUT: 117 V, 60 cycle - GENERATOR OUTPUT: 40 W, 90 KC 
DIMENSIONS: GENERATOR: 10" L x 7" W x 5%" H

Tank (overall): L x 7" W x 6Vt" H
Tank (Imide): 5'/a" x 5^" W « 4" V 
Tank (capacity): 0.5 gal

TO: Ultrasonic Industries, Inc., Dept. 5-ED-4
141 Albertson Avenue, Albertson, L. N. Y.

Gentlemen: Please ship_ _ _ _ _ _ _ DiSONtegrator® System Forty
Unit(s) @ $99.95ea.: □ Ivory □ Wheat yellow □ Turquoise 

□ Desert sand □ Pale green □ Soft gray

w»-. I
tM OiSONH»»1.?; ' » I

«ile ’i’’1 I*Von» «"t l6r r.pIK*

I » "J.' « w • Ä ESU- ""

Fig. 3b. Loudspeaker frequen­
cy response can also be meas­
ured with a white noise test 
signal. In order to average out 
the random amplitude varia­
tions of the noise signal, the 
photograph exposure covered 
about 15 sweeps. It is seen that 
the single line displays ob­
tained in the sweep frequency 
test are much easier to read 
and interpret than a noise 
spectrum analysis.

DI CnNTEGRATOR®
SYSTEM FORTY ^^^F ^^^F

ULTRASONIC CLEANER
The lowest priced ultrasonic cleaner ever sold! Buy ONE OF 100 and Save

ultrasonic industries
INC.

141 ALBERTSON AVENUE • ALBERTSON, L. I., N.Y. 
Pioneer 1 4333

Fig. 3c. The IM distortion of 
a speaker for two equal am­
plitude test tones is plotted 
here versus the test-tone fre­
quency. The test tones were 
set for a 90cps frequency dif­
ference and were swept syn­
chronously through the audio 
spectrum. By discretely vary­
ing the difference frequency, 
the distortion properties of the 
speaker over its bandwidth 
can be investigated.
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Trak Booth 4001. You’ll be impressed 
with its performance.
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Fig. 4a. Evaluation of a 
phono-cartridge was made 
here with a single frequency, 
1.5-kc test recording. Visible 
are the fundamental and har­
monic distortion components. 
However the inherent distor­
tion of the record is not dis­
tinguished from that of the 
pickup.
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IRE SHOW, BOOTH 4001For further information contact:

525 SOUTH WEBSTER, INDIANAPOLIS 19, INDIANA

Tape Recorder and 
Phono-Cartridge Testing

Fig. 3d. Speaker “Doppler distor­
tion" is demonstrated when a speak­
er is driven with two, very unequal 
amplitude tones. Here, a 1000-cps 
tone was mixed with a very large 
amplitude 45-cps signal. The analyzer 
was centered at 1000 cps with a 
200-cps sweep width and shows ±45 
and ±90 cps sidebands of 1 kc. The 
fact that the 1090-cps sideband is 
greater in amplitude than the 910­
cps sideband indicates the presence 
of combined amplitude and frequen­
cy modulation in the output signal.

From CHASSIS-TRAK—New Feather-Light Detent Slide!
Model C-300 Detent locks in three service positions —90* up, horizontal, 90’ down
Chassis-Trak continues to set the pace 
in slide design with the new Model C- 
300 Detent. Never before has a tilt-lock 
slide come in such a small package, yet 
despite its space-saving size — 1%" 
high, W wide — the Model C-300 
Detent will support chassis loads up to 
50 lbs. Not the least of the new slide’s 
attractive features is its low price — 
lowest of any detent slide on the 
market.

Made of hard, cold-rolled steel, each 
slide is cadmium plated and then coated 
with Poxylube 75, a bonded film for­

mulation of molybdenum disulfide, 
which provides permanent dry lubrica­
tion. Solid bearings on all surfaces 
afford high resistance to shock and 
vibration.

Model C-300 Detent Slides are avail­
able in seven lengths — 12 to 24 in. — 
and are designed for mounting elec­
tronic equipment in any standard rack 
or cabinet. Like all Chassis-Trak Slides, 
they are easy to install and smooth and 
trouble-free in operation.

Be sure to see this new slide demon­
strated at the IRE Show — Chassis-

o



Fig. 4b. An analysis of a 
phono-frequency test record 
was made in this display. The 
sweep rate of the analyzer 
was set at 1 cps through its 
frequency band. A hummy 
test set up can obscure the 
display as is apparent for fre­
quencies below about 200 cps.

reasons why you should 
buy Hughes high voltage silicon cartridge rectifiers 

To meet your requirements for INI730-34, IN2382-85, IN596-98 and IN 1406-13 
rectifiers... Hughes offers you a universal series with the following advantages 
over competitive devices:

L Better High Altitude 
Performance—

Since the case is 
insulated and provides a 
long leakage path between 
leads, the probability of 
flashover or corona at high 
altitudes is reduced.

Improved Circuit 
Performance—

Fewer diodes are required 
in each unit to obtain the
PIV ratings...thereby 
lowering losses, which 
turn, provide better 
voltage regulation and 
higher efficiencies.

in

0 Savings In Space.
The case material is 

a plastic of high dielectric 
strength, making it 
possible to mount units 
in close proximity to 
each other.

L .L Greater Depend- 
A ability—These 

assemblies utilize series 
strings of Hughes 
hermetically sealed glass 
diodes...packaged in a 
non-combustible 
cartridge. All internal 
connections are welded 
together to insure shock 
and vibration resistance.

These standard Hughes units are 
available in voltage ratings from 600 
to 10,000 volts. In addition, Hughes 
offers you many custom assemblies 
designed to meet your special 
requirements.

Fig. 4c. Tre frequency re­
sponses of a professional 
quality tape recorder was dis­
played using a sweep fre­
quency recording. When the 
recording reaches its upper 
frequency limit, there is a "fly* 
back" period and the frequen­
cy returns to its lower frequen­
cy limit. To re-establish the 
sweep frequency calibration, 
a synchronizing pulse is super* 
imposed on the high frequency 
end of the recording. This 
pulse is visible at the extreme 
right of the display.

'Gh
23

ORDER TODAYI To 
obtain delivery of Hughes 
Cartridge Rectifiers just 
call or write the Hughes 
Semiconductor Sales 
Office or Distributor 
nearest you. Or, for a 
complete Cartridge 
Rectifier data sheet 
(Number: D.S. 82) please 
write Hughes, 
Semiconductor Division, 
Marketing Department, 
Newport Beach, 
California.

For export write: Hughes 
International, Culver City, Calif.

Creating a new world with ELECTRONICS

HUGHES
Ci>«o wuahís AiacnArr com.ahv

•KM ICONDUCTOR DIVISION

CIRCLE 790 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 16, 1960



KESTER
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BIG STEP

Designing With Phototransistors

For convenience*,
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45V
25OK

where I is the light energy, h is2) n
PHOTOTRANSISTOR

frequency (cps)Planck’s constant250 K

X, where X is wavelength

CIRCLE 925 ON CAREER INQUIRY FORM, p. 317
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VTVM- 
HP 4000

To describe the functional dependence of n* 
l wavelength and light intensity, we must either

Fig. 1. Circuit for measuring chopped 
light sensitivity of a phototransistor.

P HOTOTRANSISTORS can be used in a wide 
• variety of circuits where light is to activate 
electronic equipment. Four quantities are usually 
of interest to the designer working with these 
light sensitive devices. These are the phototran­
sistor’s:

1. Light sensitivity
2. Chopped light frequency response
3. Photo-spectral response
4. Noise response.

used in measuring the ‘ apparent” sensitivity of 
the phototransistor. It should be noted that the 
emission spectrum of this light source is not uni­
form over the acceptance band of germanium.

ELECTRONIC DESIGN

DIGEST 
of recent papers and literature

Photo-Spectral Response
The response of a photo-conductor to light ex­

citation to a first order approximation is a function 
of the following considerations:

1) nc, the number of conductive pairs which is 
proportional to n, the number of photons with 
energy greater than the threshold energy (that is, 
the energy gap between the valence and the con­
duction bands).

ELECTRONIC DESIGN • March 16, 1960

incandescent lamp was

PRODUCTION 
COST-CUTTING!

Preformed solder, 
all shapes and sizes 

. engineered to your j 
I needs; rings, wash- I 
- ers, discs, coils, pel- 1 
fl lets, others. Flux fl 
I filled or solid types, ■ 
fl all alloys including ■ 

rare metals.
Write for free 

«ample assortment 
and engineering detail.

KESTER SOLDER
COMPANY |

i 4266 Wrightwood Avenu* I
Chicago 39, Illinois I

। Newark 5. New Jersey J
Anaheim, California ■

* Brantford. Canada A

A. OVER 61 YEARS’WL EXPERIENCE

Light Sensitivity
The light sensitivity of a phototransistor is 

specified in microamperes per ft-c and can be 
measured with the circuit shown in Fig. 1. The 
light source is a 40-w, inside-frosted, incandescent 
lamp (GE type 40W A19), operated at a rated 
120 v. This lamp emits 475 lumens and is equiva­
lent to 33.4 cp. The chopped light sensitivity is 
given by:

to peak to peak voltage.
Junction sensitivity is measured in the same 

fashion except that the base is bypassed to ground 
and the emitter bypass capacitor is omitted.

Splendid opportunities for maximum professional 
growth and recognition await you at the Instrumenta­
tion Center of Texas Instruments in Houston, the 
South’s largest city.

• MECHANICAL DESIGN ENGINEERS—BS or MS in ME 
to design small electro-mechanical mechanisms

• ELECTRICAL DESIGN ENGINEERS — BS in EE or 
Physics to design and construct: a. Supervisory 
Control Systems of electro-mechanical and elec­
tronic design; b. Transistor Test Equipment, 
heavy experience on circuit design preferably 
with transistors: c. Digital Computers with ex­
perience in detailed logic design.

• SALES ENGINEERS—BS in EE, ME or Physics with 
sales experience in electro-mechanical instruments.

With Tl . . . receive liberal company-paid benefits, 
including profit sharing . . . work in a completely 
modern suburban plant near Houston’s most attractive 
residential areas . . . enjoy pleasant Gulf Coast living 
and recreations the year-around.
O Phase direct your resume to

i D. G. Turner, Department ED

Chopped Light Frequency Response
When used in circuitry similar to that in which 

current sensitivity is measured (open base and 
shorted output), the response will be three db 
down at Fae or Fab/hfe. The condition described 
here is one closely approximated by a phototran­
sistor followed by a transistor amplifier, with low 
impedance input. Flat response can be expected 
to about 15 kc with fall-off beyond 20 kc at the 
rate of six db per octave.

where S is the sensitivity in microamperes per 
ft-c, Rl is the collector load resistance, Fo is in 
ft-c, Vc is the meter reading in millivolts. Note 
that 2VC converts the rms value of the square wave

Texas Instruments 
INCORPORATED 

OKOSCIVNCSS * INSTRUMCNTATION DIVISION
CASLS; TSXINS

390

400 
•% VTVM

2 Kc
Fc Rl



normalize the intensity or the number of photons 
while varying the wavelength. These responses 
are also functions of the absorption and admissive 
characteristics of the transparent enclosures.

Noise Considerations
It is convenient to think of phototransistor noise 

in terms of equivalent illumination, for example, 
the amount of masking light signal. This signal 
may be calculated from the noise figure of the 
transistor and referred back to the base as equiva­
lent illumination. The rms noise voltage reference 
is 0.05 pv for a 100-cycle bandwidth and an as­
sumed input resistance, R, of 1500 ohms. The noise 
voltage:

me 
md

vas 
of

the 
mi-

lieh 
and
db 

bed
an- 
low 
led 
the

en = V^KIBR

where K is Boltzman’s constant, B is the band­
width in cycles/sec, T is the temperature in de­
grees Kelvin, R is the input resistance.

A transistor exhibiting a noise figure of 12 db 
(taken at 1000 cycles with a 100-cycle bandwidth) 
would have a noise voltage en = 0.2 pv referred 
to its base. This is equivalent to a base current of 
en/R or 1.33 x 10~4 pa.

The amount of light required to produce an 
equal base current would then be determined by 
dividing this current by the junction light sensi­
tivity.

ib (Noise base current) in pa (rms)
Junction sensitivity in pa/Fc (rms)

A typical value of junction sensitivity is 0.12 
pa/Fc. In rms terms this is:

0 12
■---- - pa/Fc = 0.043 ua/Fc

ex- 
tion

The equivalent noise illumination Icq is:

= 1.33 X lO;4 ^ = 3 x 10-» ft.c 
0.043 iw/F„

Similarly this same transistor operating with 
a one cycle bandwidth would have an equivalent 
noise illumination of 3 x 10'4 ft-c.

:on-

h is

f nc 
ither

Circuit Applications
Phototransistors have sometimes been called 

light tetrodes” because carriers may be injected 
into the base by (1) signal voltage applied to the 
base lead as with any other transistor, or (2) by 
light energy falling on the base. The two condi­
tions may exist together or separately.

In order that the phototransistor be utilized in 
its most sensitive configuration the base should be 
open-circuited or as close to this condition as pos­
sible. Fig. 2 shows the effect of an external base 
resistance, such as a bias network, on the short 
circuit light sensitivity.

It must be noted that the open base condition

A GOOD RUN FOR YOUR MONEY-
New “Scotch” brand Heavy Duty Tapes 

offer exceptional life, low rub-off, good resolution

H ave problems of tape-life, rub-off and resolu- 
tion? To cure your headaches in applications that 
subject magnetic tape to high speeds, pressures, 
temperatures and low humidity, “Scotch” brand 
now prescribes two new tapes—Heavy Duty Tapes 
198 and 199. They offer plus-performance in a wide 
variety of temperature and humidity conditions.

Take the matter of wear, for instance. Field tests 
show that “Scotch” brand Heavy Duty Tapes wear 
five times longer than standard tapes—yet they 
maintain good resolution and freedom from drop­
outs over this long haul. Two factors are decisive in 
this performance—resistance to rub-off and resist­
ance to high temperatures.

Ordinary tapes age fast if the temperature climbs 
or the relative humidity drops sharply. The binder 
softens, allowing the oxides to rub off on those cost­
ly and sensitive heads.. Further, as an electrostatic 
charge builds with each pass, stray contaminants 
are attracted to the tape—and the tape starts to 
cling to the equipment. In each case—your drop­
out count mounts.

Not so with “Scotch” brand Heavy Duty Tapes. 
They boast an extra tough binder system similar to 
that used in “Scotch” brand Video Tape, which 
after two years is still the only video tape in com­
mercial use. The heavy duty binder system anchors 
the oxides firmly to the polyester base in a way that 
resists very high temperatures—minimizing rub-off. 
Moreover, Heavy Duty Tapes have a conductivity 
nearly 1000 times greater than conventional tapes, 
allowing static charge to drain off. Result? Clean, 
smooth runs with good resolution—a good run for 
your money.

Performance of this kind is easy to promise— 
much harder to deliver. And only experienced 
“Scotch” brand technology has such a record of 
delivering the right tape for every application in 
data acquisition,reduction or control programming.

Check all the tapes in the “Scotch” brand line. 
High Resolution Tapes 158 and 159 pack more bits 
per inch, offer extra play time. High Output Tape 
128 gives top output in low frequencies, even in 
temperature extremes. Sandwich Tapes 188 and 189 
drastically cut head-wear, eliminate oxide rub-off, 
and wear 10 times longer than ordinary tapes. 
Standard Tapes 108 and 109 remain the standard 
of instrumentation.

Your 3M Representative is close at hand in all 
major cities—a convenient source of supply and 
information. For details consult him or write Mag­
netic Products Div., 3M Co., St. Paul 6, Minn.

© I960 3M Com piny

“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota. 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario.

Scotch brand magnetic tape

J^INNISOTA J^ININB ANB J^ANUIACTURINB COMRANT 
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100%

PHOTOTRANSISTOR

Parameters for the i

Load

170K/1250K/1%250K/1%

25K

12K24K

Frequency Range - 400-1000 cps.

304

BASE CIRCUIT IMPEDANCE NORMALIZED 
WITH RESPECT TO BASE INPUT IMPEDANCE

• Registered trademark for DuPont fluorocarbon resins. 
CIRCLE 793 ON READER-SERVICE CARD

Fig. 3. Phototransistor chopped 
light transducer suitable for trans­
lating varying light into equiva­
lent electrical signals.

ELECTRONIC DESIGN • March 16, 1960

is temperature-unstable and the same care must 
be taken in the biasing of the stage as with other 
types of transistor amplifiers. Proper operation is 
a compromise, therefore, between sensitivity and 
stability. Circuit applications may be divided into 
two groups. The first group translates varying 
light, or pulses of light, into equivalent electrical 
signals. The second group activates switches ac­
cording to the presence or absence of light. An 
example of the first group of circuits is shown in 
Fig. 3. The accompanying table lists practical 
circuit parameters for amplifier loads of:

a) High input impedance
b) Moderate input impedance
c) Low input impedance.

Fig. 4 is an example of a circuit which when it 
is activated by light turns a normally on relay off.

Playing follow-the-leader at 50 millisecond intervals, three Super Falcon missiles 
rocket ahead of their diamond-shaped supersonic shock waves. Homing in on radar, 
these deadly air-to-air missiles locate, track, and destroy their prey, with the same 
killer instinct of the birds they’re named after.
Hughes Aircraft, the developer and manufacturer of these missiles and the Arma­
ment Control System that triggers them, specified Hitemp magnet and Teflon* wire 
for their missile, and Teflon wire for its control system.
Hitemp Wires, Inc., the leading specialist in high temperature insulated wires and 
cables, proudly answers roll call with those developers and manufacturers enlisted 
in defending our American birthright—Freedom.

HITEMP WIRES, INC
1200 SHAMES DRIVE, WESTBURY, NEW YORK

Fig. 2. Light sensitivity as a function of base circuit 
impedance. The base circuit impedance has been 
normalized with respect to base input impedance.
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LIGHT 2N570

■o -12*

i for

2N469 
iokÌ
O —A-----------1-----------------------------------------------------a + LSv

Fig. 4. Phototransistor circuit de­
signed to turn a normally activated 
relay off.

IOK

0-12*

RELAY

2N57O

o---------------- J---------------------------■-------------3v

Fig. 5. Phototransistor circuit designed 
to turn a normally off relay on.

1000 cps 
CHOPPED LIGHT

0.5HY «---------------

I5K 
j—0-4.5*

1.5K FOLLOWING
TRANSISTOR 

< AMPLIFIER

UTC TYPE 
MQA-IO 

OR MQE-IO

Fig. 6. Phototransistor circuit designed to 
operate in the presence of high ambient 
light from a 1000-cps chopped light source.

Fig. 5 turns a normally off relay on.
Where operation in the presence of high am­

bient light is required, the circuit of Fig. 6 is use­
ful, especially in the single frequency case.

High resistance in the emitter circuit degen­
erates response to unvarying ambient light The 
tuned circuit in the base degenerates response at 
frequencies other than that to which it is tuned. 
The capacitor would be omitted for operation over 
a wide frequency band.

Low collector circuit resistance will reduce the 
possibility of the transistor going into saturation 
although care must be taken that dissipation will 
be within safe limits.

Digested from PNP Phototransistors, Brochure 
G-190, published by General Transistor Corp., 
Jamaica, N.Y.

the Circuit of Fig. 3

Ri *4 Ci c,* E. Eb

70K/I .02 fit 50 nt OV + 150V

25K 16k 5.0 fit 50 fit -25 V OV
8.2K .2 : 5.0 fit 50 fit -12V OV

360° of versatility

GAMEWELL SG-270
Precision Rotary Switch

The precious metal ring shown above is the heart of a 
Gamewell style SG-270 Precision Rotary Switch. Cut into 
as many angular segments as required, it provides the pre­
cise basis for a highly versatile switching component.

Custom-designed, the SG-270 Switch is ideal for circuit 
sampling, sequencing, programming, digital generators, 
etc. Connections to the segments are made through termi­
nals adjacent to the segments on the periphery of the 
housing. Precious metal rings and brushes provide smooth, 
trouble-free action with either Make-Before-Break 
(MBB) or Break-Before-Make (BBM) contacts. Multi­
ple gangs can be assembled to provide multi-pole 
switches. Cased in special plastic, the SG-270 Switch is 
inherently fungus resistant... stable at high temperatures 
... sizes — 2" — 3" — 5" diameter in
various mounting styles. It can be used with confidence 
over a wide range of environmental requirements.

Investigate their outstanding operating characteristics 
for use in your products. Write, stating requirements, to 
The Gamewell Company, 1399A Chestnut St., Upper 
Falls 64, Massachusetts.

jamWell
PRECISION POTENTIOMETERS

•'INTEGRALS OF 
HIGH PERFORMANCE**
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PRECISION MOLDING 
Rubber and Plastics
Simple or complex, Moxness has com­
plete, modem mass-production facil­
ities, including die making, to give 
fast delivery on the rubber and plastic 
components you specify

VISIT BOOTH #3513, I.R.E. SHOW, NEW YORK COLISEUM 
CIRCLE 797 ON READER-SERVICE CARD

Readings not affected by noise and harmonics
Frequency range 15 CPS —30KC
Accuracy to .01 degree with simple circuit techniques 
High sensitivity on input & reference channels 

Can measure in-phase & quadrature voltage component

Gold flash and other special contort 
material for low voltage applications 
Positive overtravel stop
Special terminals for easy printed 
circuit insertion
Small size (%’ x x 1")
Over 50 actuator variations including 
cam followers
Rated: 10 amps/125 V a-c

5 amps/250 V a-c 
’/j hp/125/250 V a-c

PRECISION MOX-TAPE®
NEW Guide Line Triangular MOX- 
TAPE provides homogeneou- void- 
free insulation for motors (class H 
and Bl with a single wrap Cuts 
taping time 50 to 60%.

LEARN HOW
FASTEX* 

PW-Rrf 
CUT ASSEMBLY COSTS!
These ingenious new plastic fastenings drive 
from one side—simplify blind fastening 
problems—resist vibration loosening and 
corrosion. Available in a wide variety of 
thermo-plastic materials, in a wide choice of 
colors, sizes and standard or special types, a

PRECISION BONDING
Specialists in rubber-to~metal bonding 
to meet exacting specifications and 
production requirements Inserts may 
be furnished by the customer or pro­
duced in our plant.

PRECISION EXTRUDING
Special equipment and an axclusive 
process developed by Moxness are two 
reasons why you will pay less for 
quality extrusions when you order 
from Moxness

tioru 
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Antenna System for Very Low Radio Fre­
quencies

The theoretical antenna problem was solved 
using a normal mode expansion of the current 
distribution. A matrix method was developed to 
compute the current distribution of a thin, linear 
antenna loaded with lumped-circuit elements. A 
digital computer was used to solve the matrix 
equations. Results were obtained for a full-wave 
linear antenna symmetrically loaded with real 
impedances Zo one half wavelength apart. Cur­
rent distributions, feedpoint impedances, radia­
tion patterns, etc., are presented as functions of 
Zo. Results of the idealized problem are applied 
to the power-line antenna. The matrix method 
can also be extended to the general linear antenna 
with any type of loading or feeding. System com­
ponents and performance of the Dinkey Creek 
power-line antenna are described. The problem 
of interference with nearby audio-frequency com­
munication systems is examined. A New Trans­
mitting Antenna System for Very Low Radio 
Frequencies, Willard Van Tuyl Rusch, California 
Institute of Technology, Pasadena, Calif., June 
26, 1959, 167 pp, Microfilm $7.80, Photocopy 
$25.80. Order PB 142988 from Library of Con­
gress, Washington 25, D. C.

) CALL OR WRITE

KERRY ELECTRICAL PRODUCTS CORP
1646 Deerfield Rd., Highland Park, III. 

Phone Idlewood 2-3 I 82

Ultra-High Temperature Resistors
This report covers the development of a suitable 

design for a one watt resistor capable of operation 
at temperatures from —65 deg C to -|-500 deg C 
in nuclear radiation environments for extended 
periods of time. The work was devoted to refining 
the electrical properties and design of the resistor. 
It was demonstrated that high alumina ceramics 
were necessary to minimize large non-uniform re­
sistance changes occurring over uniform tempera­
ture increments to -|-500 deg C. A number of ter­
minal material compositions were examined for 
applicability in ultra-high temperature operation. 
Investigation of various metal oxide films revealed 
that a 7.5 per cent Sb2O4: 92.5 percent SnO2 com­
position possessed a near zero temperature coeffi­
cient of resistance over broad temperature range 
and the most desirable electrical characteristics. 
A suitable insulating coating, composed of flame 
deposited aluminum oxide, was utilized in this ap­
plication without undesirable effects on resistor 
properties. Radiation tests were made on a variety 
of modified tin oxide resistors at -T500 deg C for 
1500 hours under high intensity nuclear radiation. 
Resistors, Fixed, Ultra-High Temperature, Radia­
tion Resistant, David R. Sivertsen, P. R. Mallory 
and Co., Inc., Indianapolis, Ind., July, 1959, 47 pp, 
$1.25. Order PB 161081 from OTS, Washington 
25, D.C.
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MOXNESS PRODUCTS. INC. 
1919 Indiana St. • Ratina, Wisconsin 

Subs Nat I Rivet ana Mfg. Co.
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Microelectronics
Two techniques have been developed for con- 

sti acting microelectronic transistorized modules. 
1 he first uses etched wiring boards and standard 
s bminiature components. The second technique 
gives a greater than ten to one volume reduction 
over the first by incorporating an uncased transis­
tor directly into a printed circuit ceramic plate. 
The degree of reduction is such that optical aids 
must be used in constructing and inspecting the 
circuitry. A new term, microelectronics, has been 
selected to embrace the latter technique as well 
as related efforts in system design, power supplies, 
etc. Microelectronics: An Introduction And A 
Status Report, T. A. Prugh, Diamond Ordnance 
Fuze Laboratories, Washington, D.C., Nov. 1, 
1957, 11 pp, Microfilm $2.40, Photocopy $3.30. 
Order PB 143566 from Library of Congress, Wash­
ington 25, D.C.

Narrow-Band Amplifiers
A method for the design of multi-stage, narrow­

band amplifiers employing general active two-port 
devices as amplifying elements is presented. The 
stability of the amplifier is controlled by means 
of its input and output conductance levels, rather 
than by neutralization. The main characteristic of 
this paper is a theoretical exposition of the func­
tional dependence of the transducer gain of a 
multi-stage, narrow-band, iterative amplifier upon 
its interstage network, and upon the input and 
output terminations. A complete analysis of the 
transducer gain of the amplifier is included. Multi- 
Stage, Narrow-Band Amplifiers Employing Non­
Unilateral Electron Devices, M. Lim, Stanford 
Electronics Laboratories, Stanford University, Palo 
Alto, Calif., Feb. 11,1958,121 pp, Microfilm $6.30, 
Photocopy $19.80. Order PB 138708 from Library 
of Congress, Washington 25, D.C.

Miniaturized Trimmer Capacitors
The objective of this study was to develop a 

highly stable, miniaturized line of trimmer capaci­
tors to replace the variety of existing types. These 
capacitors were to exhibit good temperature and 
mechanical stability, and a high order of rugged- 
ness and reliability under the environmental con­
ditions encountered by military communications 
equipment. This report is a condensation of the 
three previous reports. It contains the results of 
the samples tested, the results of the dielectric 
material survey, and the recommended designs 
for the ten capacitors as requested in the contrac­
tual requirements. High Stability Miniaturized 
Trimmer Capacitors, C. W. Everhart and B. L. 
Burman, P. R. Mallory and Co., Indianapolis, Ind., 
Oct. 15,1955-Oct. 15,1956,76 pp, Microfilm $4.50, 
Photocopy $12.30. Order PB 143301 from Library 
o ' Congress, Washington 25, D.C.
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BENDIX-PACIFIC 
in Southern California

Other High-Level Electronic
Engineering Positions Available north Hollywood, california

CIRCLE 926 ON CAREER INQUIRY FORM, p. 317

REMOTE POSITIONING OF SHAFTS pf CMntm, switch*«, 
indicators, etc., for mor* effective, versetile equipment.

The NEWTON DIGITAL SHAFT PULSER m a bi­
directional stepping motor with high output torque of 
approximately one inch pound at 6° output. It operates 
at a maximum of 40 steps per second; is equipped 
with a precision detent.
The motor can be easily mounted in any position and 
is versatile in output increments. It includes 36°, 6®, 
5», 40, jo, 2°, 1°, 2/3°, 1/2®, and 1/3® output per 
step. Special output steps can be ordered.
Approximately a 10 millisecond pulse at 15 watts will 
produce the rated torque. The 13-ounce NEWTON 
PULSER is available in a wide range of operating volt­
ages and is designed to meet strict military specifications.

Write today for complete details

manchester> CONNECTICUT

Another achievement in operational digital by NEWTON

needs ENGINEERS with

DOCTORS’-MASTERS'-BACHELORS’
DEGREES

for electrical, mechanical and systems work in fields of 
Instrumentation—Telemetry

Anti-Submarine Detection Systems / Operations Research 
Missile and Aircraft Fluid Controls.

Please send resume to W. C. WALKER, 
ENGINEERING EMPLOYMENT MANAGER

NEW CMC
UNIVERSAL

Counter Timer
CMC's new Model 2268 Universal Counter Timer has o func­
tional panel layout that is human engineered to eliminate costly 
"cockpit" trouble. Inside, modular construction is used through­
out to simplify maintenance and reduce weight. Circuitwise, 9 
tubes have been eliminated lowering power drain, operating 
temperature and increasing reliability.

Direct reading, the 2268 measures frequency from 0 to 1.2 me, 
time interval from I microsecond to I million seconds and 
period from 0 microsecond to 1 million seconds. Accuracy is 
+ I count ± stability. Stability is 2 parts in 107 with an op­
tion to 5 parts in 10*. Sensitivity is 0.1 volt rms over entire 
range. Oscilloscope marker signals simplify start and stop trigger 
level adjustment for TIM of complex wave forms. Unit will drive 
the CMC fast digital printer and most other types of printers 
and data handling equipment. Price fob Sylmar, California: 1 me 
Model 226B-S1175.00; 220 kc Model 22&-59OO.OO. For 4-page 
bulletin giving complete technical specifications, contact your 
nearby CMC representative or write directly to Computer Meas­
urement Company, 12970 Bradley Ave., Sylmar, California,

CIRCLE 142 ON READER-SERVICE CARD
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NEW FROM NARDA

accepts over 40 magnetrons !
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Write for 
complete 
information.

Send for 
your FREE 

copy

Actual Size 
l"dia. xl" long

GEARS • SHAFTS* COLLARS* CLUTCHES • 
BEARINGS • COUPLINGS • DIFFERENTIALS 
• SPEED REDUCERS and many other Pre­
cision Engineered Parts & Components.

JP3© DESIGN CORP. 
i Subsidiary of BEMKUS WATCH COMPANY, Inc]

Processing Taped Data
This report describes Telemag, a system which 

is used to process test data which may have been 
recorded on magnetic tape in the test vehicle, tele­
metered to a ground station or the Telemag and 
recorded, or telemetered and fed directly to Tele­
mag. The report also presents a brief review of 
some telemetry and magnetic tape data recording 
techniques. The last two chapters deal respec­
tively with the actions to be taken to best utilize 
Telemag and plans for expanding its facilities and 
functions. Telemag—A System For Processing Test 
Data Recorded On Magnetic Tape, James L. 
Blilie, Air Proving Ground Center, Elgin AFB, 
Fla., June 1959, 77 pp, Microfilm $4.50, Photo­
copy $12.30. Order PB 143290 from Library of 
Congress, Washington 25, D.C.
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Fourier Coefficients
Programmed computation of periodic Fourier 

coefficients in connection with the tabulation of 
Cn(m) yields any desired number of Fourier co­
efficients. This new method is thus superior to 
other computational methods and schemes that 
a priori limit the number of obtainable coefficients. 
Fourier coefficients of specially selected orders 
can be obtained in a few steps, without the neces­
sity of computing the entire sequence* of coeffi­
cients. The method can be programmed for desk 
calculating machines as well as for computers. A 
Method For Numerical Evaluation Of The Co­
efficients of Fourier Series, Kurt H. Haase, Air 
Force Cambridge Research Center, Bedford, 
Mass., June 1959, 38 pp, Microfilm $3.00, Photo­
copy $6.30. Order PB 143492 from Library of Con­
gress, Washington 25, D.C.

Here’s the first of a series of new products from Narda's 
recently-established High Power Electronics Division! A high 
power Microwave Modulator that permits installation inside the 
unit of any of more than 40 magnetrons! Complete, compact 
and self-contained, it accepts magnetrons covering 3.200 me 
to 35,000 me, with peak outputs from 6 KW to 120 KW. Model 
10001 features a completely interlocked circuit, with all high 
voltage leads and connections internal, for maximum safety; 
solid state high voltage bridge rectifiers for longer life and 
reduced heat output (prolonging life of other components, 
too); and built-in meters and viewing connectors for all princi­
pal parameters.

Other features are shown below. For complete specs and a list 
of at least 40 magnetrons suitable for use with the 10001, write 
Narda’s High Power Electronics Division (HPED) at Dept. ED-7.

REPORT BRIEFS
Parametric Amplification

The performance of varactor amplifiers may he 
enhanced for some purposes by using diodes with 
special nonlinear characteristics. By approximat­
ing a step in the impurity density’ distribution, a 
junction diode with an abrupt change in slope in 
its capacitance reverse bias characteristic may be 
fabricated. This change in slope enables a para­
metric amplifier employing such diodes to exhibit 
great sensitivity at that operating point while 
maintaining stability. Design criteria for such a 
diode are reviewed; design theory is presented. 
Fabrication techniques and problems are dis­
cussed. The results of preliminary measurements 
on an experimental unit are presented. Study of 
Parametric Amplification. G. C. Gerhard, Ohio 
State University Research Foundation, Columbus, 
June 1959, 20 pp.. Microfilm $2.40, Photocopy 
$3.30. Order PB 143192 from Library of Congress, 
Washington 25, D. C.

High vibration performance 
± 35G to 5,000 cps 

Pressure ranges 
Absolute, differential and 

gage pressures 
0 3 to 0-400 psi 

Differential pressures 
_±3 to ±200 psi 

Standard Nominal 
Potentiometer Resistances 
400 to 10^000 ohms 

Electrical Connection 
Pigmy receptacle or 
soldering terminals

Mounting
Flange or bulkhead

High voltage supply: Continuously variable from 0 to 4 KV at 
100 ma; Pulse power: 18 KV at 20 amps max.; Magnetron 
filament supply: Cont. variable from 0 to 13 volts at 3 A; Rep. 
rate generator range: Cont. variable from 180 to 3000 pps; 
Pulse width: 1 microsecond at 70% points, rise time 0.15 
microseconds, max. slope 5% (other pulse widths available); 
Size: 38" h. 22" w, 18" d. Weight: 150 lbs.

Complete 1959 catalog available on request.

LIGHT WEIGHT one ounce max.
SMALL SIZE ONE CUBIC INCH MAX.

MINIATURE 
PRESSURETRANSDUCER 

™" COLVIN . aa . ft?

MICROWAVE 
MODULATOR

118 160 HERRICKS ROAD. MINEOLA, L I PIONEER 6 4650

Ml Atlantic Avp., lost Rockowoy, L I , N Y

COLVIN
LABORATORIES.INC 
364 Glenwood Avenue last Orange, N J

microwave 
corporal ion

Model
10001

M700

416-PAGE

MASTER 
CATALOG #21

Lists over 12,000

PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK1



FLATTEST
COAX COUPLER!

$200
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1960

ON
4650

VC 
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1 a list 
, write 
ED-7.

SEND FOR FREE 
1959 CATALOG
Write for your free 
copy of Narda’s new 
1959 catalog.
Address: 
Dept. CD-14.

What more is there to say?

The new series of

contact your

Narda representative, or 

write to us directly.
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Only 0.2 db variation 

over full octave!

Narda Coaxial Couplers 

is absolutely the flattest 

on the market; the specs 

are here; the prices 

are here. And you know 

Narda’s reputation 

for quality! If you need 

a really flat coupler,

Price

Microwave Transistors
Wafer-type depletion layer devices have been 

fabricated in order to investigate injection into the 
depletion layer. A theoretical analysis of both 
high- and low-frequency operation has been initi­
ated to determine the feasibility of a depletion 
layer transistor as a high-frequency device. Results 
indicate that the fabrication problems will be the 
principal barrier to the development of a feasible 
device. The results of a study concerning the fab­
rication and evaluation of bar-type, wafer-channel, 
and surface-barrier analog devices indicate that 
the surface-barrier device has the most favorable 
and reproducible characteristics, and is the easiest 
to fabricate. A theoretical analysis has also been 
initiated to determine the feasibility of the analog 
transistor for high-frequency application. Early re­
sults indicate that the field-effect unipolar device 
is extremely flexible. Research and Experimental 
Work On Microwave Transistors, R. L. Goldman, 
Philco Corp., Philadelphia, Pa., Apr. 15-July 15, 
1958, 30 pp, Microfilm $2.70, Photocopy $4.80. 
Order PB 139065 from Library of Congress, Wash­
ington 25, D.C.

irda’s 
l high 
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)0 me 
Model 
I high 
»afety: 
e and ’ 
nents, 
princi-

KVat 
netron
<; Rep.
0 pps; J 
b 0.15 
table); ¡

Frequency 
(me)

Nominal
Coupling

NARDA 
Model

VSWR Primary, 
VSWR Secondary

Minimum 
Directivity 

(db)
FORWARD 

(watts)

Power Rating 
REV. 

(watts)
PK. 
(kw)

240-500 20 3040-20 1.1/1.2 20 1000 100 10

500-1000 20 304^20 1.1/1.2 20 1000 100 10

950-2000 20 3042-20 1.1/1.2 20 1000 100 10

2000-4000 20 3043-20 1.15/1.2 20 1000 200 10

4000-8000 20 3044-20 1.2/1.25 17 1000 200 10

7000-11,000 20 3045-20 1.25/1.3 15 1000 200 in

TRADIC Computer Research
This report summarizes the program for the 

development of solid-state technology for air­
borne weapons-control computers. Among the 
major items covered are: encoding and decoding 
techniques; two forms of non-destructive program 
storage; a wide temperature range magnetic core 
memory system; silicon direct coupled transistor 
logic; organization of a computer as an aid in 
trouble location; and programming techniques for 
the protection of stored constants and error cor­
rection in the weapons-control computer. 
TRADIC Computer Research (Second Stage), J. A. 
Githens and M. J. Gilmartin, Bell Telephone Lab­
oratories, Inc., New York, N.Y., Dec. 1,1958, 398 
pp, Microfilm $11.10, Photocopy $60.60. Order 
PB 143648 from Library of Congress, Washington 
25, D.C.

narda corporation
118-160 HERRICKS ROAD, MINEOLA, L. I., N. Y. • PIONEER 6 4650

Semiconductor Device Cooling
In addition to an analysis of proper semicon­

ductor cooling techniques, a study has been made 
of methods of improving fabrication techniques 
for transistors. The findings, if followed, may en­
hance the electrical reliability and life-time of 
semiconductor devices. Also, patent disclosures 
have been made on a liquid-filled transistor, a 
Peltier-cooled transistor, and a Peltier-cooled Zener 
diode. Study of Methods of Cooling Semicon­
ductor Devices, James P. Welsh, Cornell Aeronau­
tical Laboratory, Inc., Buffalo, N.Y., Dec. 1958- 
Feb. 1959, 13 pp., Microfilm $2.40, Photocopy 
$3.30. Order PB 142943 from Library of Congress, 
Washington 25, D.C.
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NOW­
Series E Bonds 
turn into 

fourteen months quicker 
than ever before

Sherman H. Hobelbank

STANDARDS
AND
SPECS

faster paying 
than ever

soo, 
«00

YOUR MONEY GROWS 3316% 
IN JUST 7 YEARS AND 9 MONTHS 

WITH NEW SERIES E BONDS

Here are three new reasons why today’s 
Savings Bonds are the best ones in history:

1. Every Bond bought since June 1,1959, 
earns 3%% interest when held the full 
term. Series E Bonds now mature in 7 
years, 9 months—fourteen months 
faster than ever before.

2. Your older Bonds now earn more—an 
extra from June 1 on, until ma­
turity.

3. All Series E Bonds, old and new. carry 
an automatic extension privilege now. 
This means they'll automatically keep 
earning liberal interest for 10 years 
beyond maturity.

You get these new advantages, plus com­
plete safety, guaranteed return, and pro­
tection against loss or theft when you save 
with Bonds. And there’s no easier way to 
save. You can buy Bonds automatically 
through the Payroll Savings Plan at work, 
or from any bank. Plan to start saving with 
U.S. Savings Bonds—they’re the best ever.

Activity in Capacitor
Standardization is Summarized

There has been a great deal of activity in the 
field of capacitor standardization recently. MIL- 
C>1 IQ 15, General Spec for General Purpose Fixed 
Ceramic-Dielectric Capacitors was revised as issue 
B. This issue superseded MIL-C-11015A, MIL- 
C-19321(Ships) and MIL-C-19683(Ships). These 
capacitors arc primarily for use in applications 
where appreciable variations in capacitance with 
respect to temperature, voltage, frequency, and 
life can be tolerated. Also recently issued was 
MIL-C-21720A(Navy) covering polarized, tanta­
lum, solid electrolytic, and fixed capacitors. These 
capacitors are intended for use in low-voltage ap­
plications where stability, size, and shelf life are 
important factors. Polarized tantalum electrolytic 
fixed capacitors primarily designed for filter, by­
pass and coupler use with a high degree of reli­
ability are covered by RS-228 (October 1959) 
released by the Electronic Industries Association, 
11 W. 42 St., New York 36, N.Y.; price $1.65.

The general spec covering fixed mica-dielectric 
capacitors was revised by amendment 1, MIL-C 
5B (8 October 1959). In addition, 13-detail spec 
requirements were revised. MITj-C-20 was revised 
as issue C. This is a spec covering temperature 
compensating fixed ceramic dielectric capacitors. 
Four new disk styles of capacitors were added 
by this revision.

Plastic Jacket
The use of flexible polyamide (nylon) molding
plastic for jacketing is established by this spec.11CA in nnnlinnFinnc :This material is specified for use in applications
requiring high strength and flexibility. MIL-Mrequiring high strength and flexibility. MIL-M- 
22096. Molding Plastic, Polyamide (Nylon), Flex- II

ible.

YOU SAVE MORE THAN MONEY

with U.S. Savings Bonds
The U.S. Government does not pay for this advertising. The Treasury Department thanks 

The Advertising Council and this magazine for their patriotic donation.

Test Procedure For
Magnetic Amplifiers Proposed

AIEE has released a proposed test procedure 
for magnetic amplifiers. Govered in this publica-1 
tion are general considerations, voltage amplifica­
tion, current amplification, power amplification, 
response, and figure of merit. Copies of AIEE No. 
433 (November 1959) are available from the 
American Institute of Electrical Engineers, 33 W. 
39 St., New York 18, N.Y.

ELECTRONIC DESIGN • March 16, 1960
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New Navy Spec Covers 
Variable, Rectlinear Resistor

The Navy has released a new spec covering a 
type of variable, rectilinear, miniature resistor 
whose contact bears uniformly over the surface of 
the entire resistive element. The contact is posi­
tioned by means of a multi-turn, lead-screw 
actuator. These resistors have a resistance toler­
ance of ±5% and ±10%. The wattage ratings are 
based on full-load operation of the resistors at 
70 C, and are applicable only when the maximum 
resistance is engaged in the circuit. When only 
a portion of the resistance is engaged, the wattage 
rating is reduced in approximately the same pro­
portion as the resistance. MIL-R-2209(NAVY), 
Resistors, Variable, Rectilinear (Miniature).

Spec Covering Resistor 
Color Codes Is Revised

The latest revision to MIL-STD-221A has de­
leted the color coding for composition-type radial- 
lead resistors. The ±20% tolerance has been de­
leted from the color code. Standard MIL-STD-174 
is referenced for standard colors instead of MIL- 
STD-104. The requirements in the conflict of 
colors paragraph has been relaxed by allowing 
either the resistor body or the band colors to be 
differentiated by shade or gloss. MIL-STD-221 A 
(1 December 1959), Color Code for Resistors.

Liquid Soldering Flux

This spec covers a non-corrosive rosin-base flux 
for application as a liquid external to the solid 
solder. The flux is for primary use in the prepara­
tion of solder joints for electric and electronic 
circuits. The spec does not cover soldering proc­
esses, nor materials used in the soldering of me­
chanical joints that do not also serve within elec­
tric and electronic circuits. MIL-F-14256A, Flux, 
Soldering, Liquid (Rosin Base).

Interchangeable Parts: Some
Necessary Definitions Established

Varying definitions ¿'nd interpretations relative 
to interchangeability, substitutability, and replace­
ability, have adversely affected design, procure­
ment, support, maintenance, and production of 
equipments according to MIL-STD-447. This 
standard establishes necessary definitions toward 
achieving the highest practicable degree of uni­
formity. An interchangeable item is one that 
possesses functional and physical characteristics 
equivalent in performance and durability and 
capable of exchange without alteration. A substi­
tute item is one that can be replaced only under 
certain conditions. A replacement part is one that 
requires alterations. MIL-STD-447, Definitions of 
Interchangeable, substitute, and Replacement 
Items.

SOLID STATE TIMING MODULES. Subminiature “building 
block** components, with accessible control points; may be 
used to develop a wide range of timing' and programming 
functions. Fixed or adjustable time periods from .00005 to 
300 seconds.
ELECTRONIC TIME DELAY RELAYS. No moving parts ex­
cept relay contacts, 2PDT-2 amp or 3PDT-10 amp ratings; 
fixed or adjustable time delays from .02 to 300 seconds; ac­
curacy to 3% or better; vibration-proof to 2,000 cps at 20 g’s. 
FLASHERS. Typical operation: Flashing rate of 40 cycles jper 
minute, with a one-to-one ratio of on time to off time.
INTERVALOMETERS. Typical operation: 300 seconds after 
application of 28 vdc, output relay energizes; 3 seconds later, 
relay de-energizes. Cycle repeats itself until supply voltage is 
removed.

REPEAT CYCLE TIMERS. Provide multi-channel control sig­
nals, each with a timing pulse of pre-determined magnitude. 
Sequencing of output pulses is synchronized.
PULSE TRAIN GENERATORS. For control of various loads 
in a single system. Provides output signals and pulses of 
specified characteristics.
SEQUENCE TIMERS. Typical operation: Provides sixty-four 
sequential pulses each of 100 milliseconds duration, starting 
immediately upon application of 28 vdc. Automatically stops 
after last pulse.
PROGRAMMERS. Designed to suit particular system require­
ments. Typical unit may provide a complete timing and con­
trol program covering more than 5000 seconds from start.

Timing 
is our 
forte...
Electronic timing devices and controls 
that represent the state-of-the-art 
in performance and reliability,.. 
precision performance that’s built-in by 
engineering know-how; unquestioned 
reliability that’s guaranteed by 
a comprehensive Quality Assurance 
Program including functional and 
environmental testing of each 
production unit. And we believe 
you’ll appreciate the Tempo brand 
of customer service... from prompt, 
thorough handling of your special 
requirements to consistent, on-schedule 
deliveries and field service follow-thru. 
TEMPO INSTRUMENT INCORPORATED 
HICKSVILLE, N.Y.

IRE Show —Tempo Application Engineers will be at booth M8—IRE Show.
CIRCLE S47 ON READER-SERVICE CARD
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Senes 110 
1 l/sec.

THE KEY TO A TRULY CLEAN VACUUM, 
without fluids or other contaminants, is an 
UlteVac electronic pump. Can operate 
unattended for months or years on a sealed 
system; requires no traps, baffles, or 
refrigeration. Maintains vacuums of lO^mm 
Hg and below, power failure does not harm 
system since it is sealed after UlteVac 
starts Serves as its own vacuum gauge. 
Operates in any position, no hot filaments, 
no cooling water.

ELECTRONIC 
HIGH-VACUUM 

PUMPS

Series 327 • 270 l/sec

ULTEK CORPORATION, only manufacturer 
devoted exclusively to ion pump technology, 
offers stock pumps 1 to 1000 liters/second 
capacity, plus sorption pumps, foreline 
traps, and SealVac fittings which provide 
easy-connecting rotatable flanges. Ultek 
invites comparison of product, service, and 
delivery time, on either standard or modified 
pumps and accessories. Literature on re­
quest—specify application.

I__ -I LETTERS
Exclusive-Or Function Redefined

1 )ear Sir:
1 disagree with the logical definition of an 

N-input Exclusive-Or function expressed by Mr. 
Breault and Mr. Morris on pages 174 and 175 of 
the November 25th issue and also the one ex­
pressed by Mr. Maki in "Ideas for Design” of the 
July 22nd issue. I believe that the output of an 
Exclusive-Or gate should be true when one and 
only one input is true.

The common Or-gate is sometimes called In­
clusive-Or because it provides an output not only 
when A or B or C, etc., is true, but also when any 
combination of inputs is true. Thus it ‘includes" 
the redundant functions AB 4- BC 4- AC 4“ ABC, 
etc. In contrast, the counter-adjective Exclusive“ 
would logically imply the special case when only 
A or B or C, etc., is true; thus it “excludes" the 
redundant functions. Only when applied in this 
manner can the words “inclusive" and “exclusive” 
have a completely descriptive meaning to a logic 
designer who may not already be familiar with 
some arbitrarily chosen set of definitions.

The function for a 3-input Exclusive-Or gate 
should therefore take the form A’B’C 4- A*B*C 
+A*B*C, which when expanded to maxterms is 
(A + B + C) (A + B + U) (A4-B + C) (A + 
B -|- C) (A + B C). From the first expression 
it is easy to see that the function can be true when 
one, and only one, input is true.

I agree that the circuit of Breault and Morris 
is very useful for parity checking and as a full 
adder sum-output, but it should be labeled as 
something other than Exclusive-Or.

W. H. Ferwalt 
Engineer 
Engineered Electronics Co. 
Santa Ana, Calif.
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C intact ULTEK or tti exclusive 
'epn^entative Kinney Mig Div of 
The New York Air Brake Co. Sales 
offices in major U S cities.

Current Source Coupling Circuit 
Modifies Published Design

Dear Sir:
The article by George H. Hall on an ‘ Inter­

coupling Circuit for Precision Amplifiers in 
Electronic Design, November 25,1959, was quite 
interesting. In his list of alternate coupling meth­
ods, Mr. Hall mentions “voltage regulator tube" 
coupling. A similar coupling method utilizes a

CORR

92C-D Commercial St • Pai» Alto, Calif • DA 1-4117

'WBWHHI Free <ERC Tube Shield 
■ Guidi' listing TR Sholds■ ■ by writ,nßDept TR for your copy.

International Electronic Research Corporation 
145 West Magnolia Boulevard, Burbank, California

...proved by millions in use over several years! 

IERC TR type Heat dissipating Electron Tube Shields are 

still the only effective heat-dissipating tube shield 

designed for retrofitting equipment having JAN bases.

Present TR's are unchanged from the original version 

introduced — and over the years, nothing has equalled 

their cooling and retention qualities. The greatly extended 

tube life and reliability provided by IERC TR's is 

acknowledged by the entire industry.

lERC’s TR’s have been right for the job — right from the 

start. For immediate, increased tube life and reliability­

retrofit now with IERC TR Shields.
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Current source coupling circuit needs no battery and 
does not suffer instability from tube aging.

voltage reference diode (‘‘Zener” diode) in place 
of a voltage regulator tube and does not suffer 
from the noise problems mentioned by Mr. Hall.

Mr. Hall’s circuit exhibits several features which 
could act as major drawbacks in some applica­
tions. One is the need for a battery. Another is the 
instability of the circuit with respect to tube aging. 
As the coupling tube ages, that is, as its cathode 
emission falls, the tube current will change and 
the coupled voltage will drift. A circuit without 
these difficulties is shown in the accompanying 
diagram.

In this circuit the coupling tube is placed in 
series with a voltage translating resistor R, and a 
large cathode resistor Rk. Because of the large 
cathode resistor, the current through the tube, and 
therefore the voltage across Ra are held substan­
tially constant regardless of changes in the charac­
teristics of the tube. Voltage variations at one end 
of Ra are transmitted virtually undiminished to the 
other end, but with the desired de translation. The 
circuit may be thought of incrementally as a volt­
age divider with a series resistance Ra and a very 
large shunt resistance equal to Rk (1 -p I1)« For de 
conditions the shunt resistance equals Rk -f- Rp.

Alternately, the tube and cathode resistor may 
be thought of as a current source of approximately 
ecRk, drawing a constant current through Ra. The 
grid voltage for the coupling tube is derived from 
the supply voltages rather than from a battery. 
Depending on the voltages involved, a negative 
supply may or may not be needed. The coupling 
capacitor is used to equalize the transmission at 
high frequencies. Transmission efficiencies of 99 
per cent are easily realizable.

H. T. McAleer 
Engineer 
General Radio Co. 
West Concord, Mass.

...IN ‘PINT-SIZE* 
PACKAGES

Model 7621/HY 2

EGAG’s NEW, COMPLETE LINE OF MINIATURIZED 
CERAMIC-METAL HYDROGEN THYRATRONS...

Offer the design engineer...
Model 

7322/1802
Model 

7620/HY-l
Model 

7621/HY-2

• compact modular circuitry 
(length). . . . . . . . . . . . . . . . . . .  
(dia.) . . . . . . . . . . . . . . . . . . . . . . .

• light weight (lbs.). . . . . . . . . . . . . . . . .  
• max, peak anode voltage. . . . . . . .  
• max, peak anode current (amps) 
• max, average current (amps). . .  
♦ wide temperature capability. . . . .  
• long life. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• rugged dependability. . . . . . . . . . . . .  
• fart warm-up. . . . . . . . . . . . . . . . . . . . . . . .  
• high plate dissipation factor. . .

CIRCLE 850 ON READER-SERVICE CARD 
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5-3/4" 
3-3/8*
2.07 
25,000 
1,500
1.5

4-5/8" 
2-5/16"
0.82 
20,000 
500
0.5

1-3/4' 
1-1/5'
0.13
8,000 
90
0.1

—55°C to +125°C ambient; 400°C envelope max. 
unique hydrogen reservoir in all models. _ _ _  
all models pass vigorous shock and vibration tests.

10 min. 
20x10»

5 min. 
10x10»

30 sec. 
1x10»

See our exhibit • IRE SHOW, Booth 3914B • New York Coliseum
For complete specification*, price* and information 
on application* exceeding the above rating*, write or call>

, , Applications Engineering Department . .

! ■ Pj I p EDGERTON, GERMESHAUSEN & GRIER, INC.
‘ 160 Brookline A»e . Boston 15, Mass.. (Tel COpley 7-9700)

” St., La* V«fM, Nev. • Bldg. 126, Sant« Barbaro Airpart, Golata, Calif. 
CIRCLE 851 ON READER-SERVICE CARD
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Anyone for Thermo-Tronics?
Arthur F. Dickerson

Product Planning Manager
Receiving Tube Dept. <
General Electric Co. ■

Owensboro, Ky.

The rise of microminiaturization and the growth of electronic systems 
have kindled an urgent demand for engineers with fresh ideas not only on 
dissipating heat but on putting it to constructive use.

IT IS doubtful that the following advertisement 
would surprise anyone if it appeared in the 

leading electronics trade journals:

HELP WANTED: BSE-T (Bachelor of Sci­
ence in Electronic-Thermodynamics) Pref­
erably with experience in microminiaturiza­
tion. Salary open.

It is also doubtful that the ad would produce 
any replies. Although experience with micro­
miniaturization is abundant in the industry, most 
of it has been obtained the hard way without 
benefit of formal education in either electronics 
and thermodynamics. Certainly the academic de­
gree of BSE-T is unfortunately nonexistent. This 
is not so much a criticism of the state of the elec­
tronics art as an observation that a three-credit 
course in thermodynamics of internal combustion 
engines (the conventional college dose in thermo­
dynamics) is considerably less than adequate 
preparation for today’s demands on the electronic

As electronic units shrink, heat problems for the design 
engineers expand—especially in systems. Typical of com­
ponents that create the problems are ones like this printed- 
circuit transistor (small dot on board upper left), developed 
by an Army researcher to cut the size of electronic ‘ brains 
in military equipment. The transistor it replaces is at right.
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TIMM's (Thermionic Integrated Micro Modules) differ 
from conventional packaging concepts in that they con­
fine heat rather than expel it, and put it to work operat­
ing vacuum devices. Designed by General Electric, the 
units comprise the equivalent of conventional transistors, 
capacitors and resistors.
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BUT, MR. ENGINEER, DID YOU KNOW
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It is obvious that equipment B is more efficient 
when viewed alone, out of context to the system.

Phone Dick Eary (collect, of course) at 
Eastbrook 9721 in Fort Wayne or write 
him today for complete information.

ELECTRONIC DESIGN • March 16, 1960

30 w
100 C
50 C

75 w 
5 w

35 w
5 w

70 w
250 C 

+100 C

... that people are talking up Magnavox in the military and industrial 
fields as well? That we not only make the world’s finest stereophonic 
high fidelity, radio phonographs and television instruments, but do 
vital work for some of the principal names in government and 
industry both here and abroad? We are, in fact, currently engaged

Basic Propositions
Heat in the electronic sense

equipment designer.
In some ways the belated recognition of the 

thermodynamic factor in electronics is surprising. 
The relationship between electron control and 
heat generation is direct, as every electronics de­
signer discovers at some point in his career, 
whether he deals with transistors, tubes, magamps 
or cryotrons. The very act of current control im­
plies the application of energy (through a system 
of less than 100 per cent efficiency), with the 
consequent dissipation of power and generation 
of heat. Even if heat were not generated in the 
control process, it still would be generated when 
the controlled electron got where it was going, 
as well as in the process that got it started in the 
first place.

If the heat problem seems applicable only to 
electron tubes, consider the possibilities of a 
transistor with no power dissipation in the emit­
ter, or a parametric amplifier with a lossless pump 
circuit, or a cryotron with no heat transfer to the 
refrigerant. Anyway you view it, heatless elec­
tronics is no more probable than perpetual mo­
tion, since both depend on a 100 per cent efficient 
system.

Power Consumption
Useful Output

Heat Energy Released
Max. Rated Internal Temp.
Nominal Rise Above Ambient

in advanced electronic activity covering the broad 
areas of communications, airborne radar, missiles, anti­
submarine warfare systems and data processing 
equipment. And the growing demand for our services in 
every one of these fields has made it necessary to put in 
a call for more creative talent. If you’re an engineer with 
a yen for challenge ... if you like to work with interesting, 
capable people ... and if you very definitely DON’T 
intend getting lost in the crowd ... look into . :
Magnavox. There’s a promising future ahead.

degree, and the pertinent question is not “Do 
we have it?” but “How much?” Invariably the 
answer is “too much,” and the question shifts to 
“What do we do about it?” At the very least the 
answer calls for examination of some basic propo­
sitions:

I. Heat energy is a systems problem.
2. Heat energy and temperature are two dif­

ferent things.
3. Heat is not all “bad.’
4. In microminiaturization the thermal and 

electronic designs are inseparable.
Let us examine these propositions in detail 

one at a time.

A Systems Problem
First, heat energy is a systems problem. This 

is an attempt to state that the problems, evalua­
tions and comparisons of heat energy in modem 
electronic equipment must be dealt with as a sys­
tems consideration and evaluated on the basis of 
the effect on system performance and capability. 
Let us take a simplified case of equipment A and 
B, functionally similar but with these differences:

• Government and Industrial Division • FORT WAVNI. IND
CIRCLE 901 ON CAREER INQUIRY FORM
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The pertinent question here is which design ii 
more efficient on a system basis. The answer de­
pends entirely on ambient temperature. Equip 
ment A will have to be cooled for ambients abov< 
150 C. As a very rough approximation, at an am 
bient of 100 C the heat to be removed from I 
is equal to the total power dissipation. If we as 
sume an electrical refrigeration efficiency of 2() 
per cent, this becomes 30/0.2 = 150 w.

Under this condition, equipment B would con­
sume a total of 185 w on a system basis, while 
equipment A consumed 75 w. Consequently for 
an ambient temperature of 100 C and electrical 
refrigeration, equipment A is more than twice as 
efficient as B, although exactly the reverse is true 
at an ambient of 50 C.

We can construct a generalized comparison 
curve (see graph) that illustrates this comparison

COOLING 
POWER

Westinghouse-Baltimore has a radar story to tell you. For a 
meaningful engineering career, you owe it to yourself to know what the Baltimore 
Divisions of Westinghouse are doing . . . and how you might participate in 
exciting programs now under way. We welcome the opportunity to give you 
the facts . . . and let you judge for yourself. If you are an experienced engineer, 
learn about our advanced development of new weapons systems involving 
revolutionary data processing, antenna systems, and system synchronization. 
These offer immediate career opportunities for both electrical and mechanical 
engineers with experience or interest in the following fields:

CIRCUIT POWER 
r~ 

CIRCUIT POWER
o 
-50 +50 +100 +I5O +200 +250

TEMPERATURE IN C*

Molecular Electronics 
Microwave Systems 
Advanced Antenna Systems 
Liaison and Field Engineering 
Transmitter and Receiver System

Development
System Synchronization

Digital Computer Design 
Advanced Data Displays 
Systems Reliability Prediction 
Advanced Systems Automated

Test
Mechanical Design & Packaging

* visÙ „ h,.

...

Equipment B, although more efficient at low tempera­
tures, is less efficient at high temperatures when con­
sidered on a system basis.

as a function of ambient temperature. Similar 
comparison can be made for other system factors, 
such as weight or volume. In many instances the 
optimum design for weight will not coincide with 
the optimum for efficiency or size.

316

Send resume to: Mr. A. M. Johnston, Dept. 264

V^festinghouse 
BALTIMORE 
P. O. Box 74« Baltimore 3, Maryland
AIR ARM • ELECTRONICS ♦ ORDNANCE

CIRCLE 902 ON CAREER INQUIRY FORM

Two Different Things
Second, consider the proposition that heat en­

ergy and temperature are two different things. 
This statement borders on the self-evident; never­
theless it is often overlooked. An illustration is 
afforded by considering the heat energy above 
absolute zero in a cubic foot of the North Atlantic 
Ocean at —2 C, compared with the same volume 
for colliding gas clouds of Cygnus A, which are 
estimated to reach a temperature above 1,000,000

ELECTRONIC DESIGN • March 16, 1960
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Advancement
Name Telephone

Home Address Zone State
Use? 20

Date of Birth Place of Birth Citizenship

CONFIDENTIAL Position Desired

Educational History

true

Recent Special Training

Title

wife.

250

Outstanding Engineering and Administrative Experience

Professional Societies

Published Articles

Circle Career Inquiry numbers of companies that interest you
900

ads in 
at the 
to the

(Please print with a soft pencil or type.)

Engineering Specialty

After completing, mail career form to ELECTRONIC DESIGN. H30 Third Avenue, New York 
N Y. Our Reader Service Department will forward copies to the companies you select below

925 926 927 928 929 930 931 932 933 934 935 9:16 937 93R »39 94«» 941 942 943 344 <«45 946 947 948 949

ison 
son

JOV« 

am

903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 »19 920 921 922 923 924

resume.
Study the employment opportunity 

this section. Then circle the numbers 
bottom of the form that correspond 
numbers of the ads that interest you.

ELECTRONIC DESIGN'S Confidential Career 
Inquiry Service helps engineers "sell" them­
selves to employers—as confidentially and 
discreetly as they would do in person. The 
service is fast. It is the first of its kind in the 
electronics field and is receiving high praise 
from personnel managers.

To present your job qualifications immedi­
ately to companies, simply fill in the attached

ELECTRONIC DESIGN will act as your sec­
retary, type neat duplicates of your applica­
tion and send them to all companies you 
select—the same day the resume is received.

The standardized form permits personnel 
managers to inspect your qualifications rapid­
ly. If they are interested, they will get in touch 
with you.

Painstaking procedures have been set up to 
ensure that your application receives com­
plete, confidential protection. Safeguards in­
clude:

■ ■ •.

ploy ment History
Dates

■ All forms are delivered unopened to one 
reliable specialist at ELECTRONIC DESIGN.

■ Your form is processed only by this special-

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.

■ 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- 
Hdential 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 APR. 27, 1960

Dates Honora
" ..................
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U Engineers • The Probability is High That

ÿoutb (Motiva Idem
WIL Fetida Tangible Fom at Sand&tA

This company owes its surprising 
growth (from a handful of brilliant 
men 8 years ago to a 1200 man organ­
ization today) to the originality of its 
conceptions in diverse electronic 
fields. (Examples of Sanders' firsts in­
clude PANAR* radar, TRI-PLATE* 
microwave products. FLEXPRINT* 
flexible printed circuits.)

If you have the capacity to father 
genuine technical innovations, you 
will find engineer-management recep­
tive at Sanders Associates. You will be 
encouraged to demonstrate the practi­
cality of a promising idea, and assisted 
in doing it. And you can rely on receiv­
ing professional and financial recog­
nition for creative contributions.

Right now opportunities are 
available at Sanders on a variety of 
commercial and defense projects, in­
cluding a very sophisticated seeker 
system for the U.S. Navy's Eagle 
Missile, which it is believed will pro­
vide superior performance in the face 
of increasingly effective countermeas­
ure techniques.

ECM ENGINEERS

Desiring to advance the 
state-of-the art through new 
systems concepts and to 
translate these concepts into 
production.

For

MICROWAVE 
ENGINEERS

stimulating systems
study, antenna design and re­
search leading to marketable 
TRI-PLATE (r) microwave 
products.

SYSTEMS A
CIRCUITS ENGINEERS

For analysis and design of 
weapons systems and compo­
nent parts such as receivers, 
transmitters, test equipment, 
data processing equipment 
and transistorized special cir­
cuits.

ANALYTICAL 
ENGINEERS

Data systems, weapons and 
countermeasures.

To learn more about opportuni­
ties for you at Sanders —and the 
advantages of our location in the pro­
gressive New England community of 
Nashua, New Hampshire (less than 

• an hour from downtown Boston), 
send a resume to Lloyd Ware, Staff 
Engineer, Dept. 920.

INSTRUMENTATION 
ENGINEERS

For gyro development, sys­
tems development, servo de­
velopment and product engi­
neering.

•registered U^. trademark

5HNDER5 HSSOCIRTES, INC.
NASHUA, NEW HAMPSHIRE

CIRCLE 903 ON CAREER INQUIRY FORM
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deg. The /Atlantic wins hands down, with a margin 
of at least 1010 over the hot but rarified regions 
of Cygnus.

Now to put this comparison into terms of an 
electronic system, we need only observe that “a 
watt is a watt, is a watt,” regardless of the tem­
perature at which it is dissipated. A 1.4-v, 50-ma 
filament in a vacuum tube consumes 70 mw and 
operates close to 800 C. In a closed thermal sys­
tem, such as a satellite or closely packed elec­
tronic equipment, the filament represents the same 
heat energy contribution as 1 ma passing through 
a 70,000-ohm resistor operating at 50 C or a 
70-mw anode dissipation in the tube. To maintain 
a long-term temperature balance, we must get rid 
of 70 mw in each case independent of the wide 
difference in temperature. A drop in the battery’ 
cables of 0.1 v at 1 amp would put a greater 
load on the cooling system than the 800 C fila­
ment

Not Always ‘Bad’
Third, let us examine the statement that heat 

is not always “bad.” At least one microminiaturi­
zation approach, the General Electric TIMM cir­
cuits, is based on the novel idea of constructively 
using the heat energy released by electronic cir­
cuit operation, as opposed to the often costly 
alternative of getting rid of the heat.

TIMM circuits employ a complete range of 
electronic components capable of operation at 
temperatures above 600 C. The equipment is 
then surrounded with a suitable thermal insula­
tion to retain the heat energy and to raise the 
internal temperature to the point where usable 
amounts of thermionic emission can be obtained 
from prepared surfaces inside the circuit modules. 
Once started, and with suitable insulation, these 
circuit modules continue operation self-heated by 
the dissipation of their circuitry.

This method actually benefits from microminia­
turization, as it increases power density and al­
lows more efficient maintenance of the internal 
temperature. The conservation of heat greatly 
improves system efficiency.

Inseparable Designs
The fourth statement, that in microminiaturi­

zation the thermal and electronic designs are in­
separable, is actually a summary conclusion from 
the preceding statements. The essential advantage 
of microminiaturization is in the size reduction 
of large electronic systems. To achieve the true 
advantage, the whole system must be considered 
in the design. As we saw in the first example, this 
becomes a thermodynamic electronic design prob­
lem in which the two factors are mutually utilized

ELECTRONIC
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No one is
immune

to our
#1 health
problem

Mental illness 
hospitalizes MORE 
people than polio, 
heart, tuberculosis, 
cancer—all other 
diseases combined. 
Outside the hospital 
1 In IO need 
psychiatric help. 
Next—let’s Conquer 
Mental Illness ?!
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senior
applications

engineers
experienced in 
SEMICONDUCTOR R&D 

for staff lerci assignments

GROUP HEAD
Senior applications engineer with 
experience in semiconductors, 
transistors, diodes, rectifiers, 
circuit applications and sales 
engineering. Must be oriented 
for a responsible managerial 
position. Ph.D. degree preferred.

STAFF ENGINEERS
Applications engineers with 
at least five years’ experience 
for senior staff level assignment 
in semiconductor circuit 
research and development. Our 
research project is directed 
toward development of new 
uses for existing devices, and 
creation of circuitry using new 
devices which will become the 
building blocks of tomorrow's 
systems.

ed.
ital

1er

These positions were created 
as a result of the sustained 
growth of advanced research 
and development activity at the 
Semiconductor Division of 
Hughes Aircraft Company, The 
recently completed facilities 
of the Semiconductor Division 
are located in Newport Beach, 
California—just south of Los 
Angeles.

If you meet the,requirements 
for the above positions, or if 
you are a senior engineer or 
physicist with experience in 
the field of semiconductors, we 
invite your confidential inquiry.

Please contact:

Mr. C. L. M. Blocher 
Scientific Staff Représentative 
HUGHES SEMICOHDUCTOR DIVISION 

¡00 Superior Avenue 
Newport Beach y, California

Creatina a new world with ELECTRONICS

SEMICONDUCTOR DIVISION

to the optimum to achieve a systems result.
The microminiaturization of large systems in­

evitably differentiates temperature and heat en­
ergy. Although circuit dissipation varies widely, 
a figure of 1 to 5 mw per component is typical 
for semiconductor circuitry. With a packing factor 
of 20,000 components per cubic foot—typical of 
present printed-board circuitry—this represents a 
power density of only 20 to 100 w per cubic foot. 
However, at envisioned packing factors of 1,000,- 
000 components per cubic foot, this figure rises 
to 1,000 to 5,000 w per cubic foot.

This power density is not frightening for small 
isolated modules of circuitry, where the edges of 
the module are exposed directly to a tolerable 
external environment. However, in large systems, 
where three-dimensional stacking of modules is 
necessary, the temperature rise is cumulated at 
each successive layer. Consequently the innermost 
module will operate at a much higher tempera­
ture than the outermost, although the heat energy 
released in each may be the same. Thus the de­
sign becomes both thermodynamic and electronic 
as microminiaturization graduates to the large 
system level, and the designer faces the question 
of dumping or using the heat dissipated in opera­
tion.

It is at this point today that engineering man­
agers feel like crying out:

HELP WANTED: BSE-T, preferably with 
experience in microminiaturization. SAL­
ARY OPEN

Possible basic courses in this field, as they may 
appear in college catalogues in the near future 
are:

Elementary Thermodynamics—Concepts of heat, 
energy’ cycles, entropy, enthalpy, and elementary 
gas thermal properties.

Introduction to Heat Flow—Concepts of heat 
transmission in passive thermal systems by con­
duction, convection and radiation with emphasis 
on simple system analyses.

Advanced Heat Transmission—The analysis and 
design of complex thermal systems (passive) in­
volving gas, liquid and solid transmission media 
with simultaneous conduction, convection and ra­
diation effects.

Refrigeration Coolants and Fluid Dynamics— 
A design course in the application of active ther­
mal systems, including peltier junction cooling, 
refrigerant cycle, fluid boil-off cooling, and coolant 
circulation (both gas & fluid).

Thermo-Tronic Systems Synthesis—The analysis 
and design of systems involving the thermal con­
siderations of the above courses combined with 
electrical and electronic design courses, or thermo- 
tronic system design.

Anyone for thermo-tronics? ■ ■

16, 1960

ENGINEERS:

FACTS 
WITHOUT 
FRILLS...

PARTIAL 
CONTENTS

Organization 
Size of Staff 

Resources

About Job Potentials 
at Light Military 

Available to You Now!
Prepared for the engineer who likes to get 
right down to basics in evaluating a position, 
LMED’s Fact Sheets bring you clearly pre­
sented up-to-date unvarnished information 
about all the aspects of company policies, 
projects and plans related to your pro­
fessional future here.

WHETHER OR NOT YOU CON­
TEMPLATE AN IMMEDIATE 

CHANGE, these “Engineering Fact 
Sheets” are a valuable thing to 
have. Use them as a yardstick to 
assess your present —or a possible 
future — association.

Next to your choice of profession, 
and your choice of a wife - selecting 
a position with long-range career 
implications can be the most impor­
tant decision in your life...

IV 8 A Good Thing To Have Reliable 
Tools On Hand, To Help Make That 
Choice a Sound One!

SEND FOR THESE 
"ENGINEERING FACT SHEETS”

Facilities List
Technicol Scope 
(list of projects)

Internal Communications 
and Support

Benefits (detailed) 
Salary Scale 

Specific Responsi* 
bilities of D&D Engineer

Promotion Plan
Graduate Program 

In-Plant Courses 
Contocts with Other 

G.E. Components

LIGHT

Mr. IL Bach / Light Military Electronics Deportment / 
General Electric Company / French Road, Utica, New York. 

Please send me a set of your "ENGINEERING FACT SHEETS."

NAME.

HOME A'»DRESS.

CITY.

DEGREE(S).

20NE______STATE.
YEAR(S) 

_____RECEIVED__

MILITARY ELECTRONICS DEPARTMENT

GENERAL^ ELECTRIC
FRENCH ROAD. UTICA. NEW YORK 

CIRCLE 904 ON CAREER INQUIRY FORM
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REWARDING!

Consolidated Controls Corp.
Transistor applications 
Crystal engineering 
Sales engineering

& X S © Z

G

A feeling of accomplishment, comfortable salary, security, fine 
home, prestige in the community. Yes, these are the marks of a 
successful Motorola engineer in Chicagoland. But, what exactly 
makes a career at Motorola so rewarding—beyond the ordinary 
realm of material benefits?

Foremost is opportunity. For here a man is encouraged to use 
all of his creative talents to their fullest. He works on projects 
that spark vision, that inspire imagination. He works with men 
who recognize and respect his abilities ... a calibre of men that 
he cannot help but admire.

Yes, a career at Motorola is deeply rewarding. You owe it to 
yourself to discover exactly how much. Simply clip the coupon below.

• 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
• Display and storage devices 

2-WAY RADIO COMMUNICATIONS
• VHF & UHF receiver
• Transmitter design and development
• Power supply
• Systems engineering
• Antenna design
• Selective signaling

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

Also Splendid Opportunities ins
Phoenix, Arizona and Riverside, California

Send Complete Resume to 
MR. L. B. WRENN 
Engineering Personnel Mgr. 
Dept. B

©
 4501 Augusta Blvd. '^òStììì

Chicago 51, Illinois

MOTOROLA me

AU OmlUwI

CIRCLE 907 ON CAREER INQUIRY FORM

CAREER 
OPPORTUNITIES 
BROCHURES

Sperry Gyroscope Co.

Prepared especially for engineers, Sperry’s 
career brochure is a well-balanced profile of the 
company’s many activities. Illustrations and text 
cover the types of work done by the various 
departments under the headings of Research, 
Development and Production.

Emphasis is placed on the individual’s role in 
the company, and several paragraphs explain 
what the firm expects from its engineers and 
scientists. Advantages to the employe are also 
well covered.

J. W. Dwyer, Employment Manager, Sperry 
Gyroscope Co., Great Neck, N.Y.

CIRCLE 870 ON READER-SERVICE CARD

A new booklet describing company facilities 
and capabilities has just been issued.

The booklet outlines management and engi­
neering policies and production and quality-con­
trol techniques used at the firm’s Bethel, Conn., 
and Inglewood, Calif., plants. The company de­
velops and manufactures components and systems 
for measurement and control of the pressure, 
temperature, speed, flow, position and level of 
liquids under conditions encountered in super­
sonic flight and power reactors.

Charles M. Colt, Consolidated Controls Corp., 
Dept. ED, Bethel, Conn.

CIRCLE 871 ON READER-SERVICE CARD

LEEDS &
NORTHRUP CO.

. . . wants to talk with you about 
the following technical openings.

APPLICATION ENGINEER
A degree in engineering and 2 to 
5 years' experience in measure­
ment and control of steel, 
cement, chemical or pet] 
processes is required.

SALES ENGINEERS
An EE degree with 1 to 3 years’ 
industrial selling experience of 
instrumentation or electrical 
equipment is required.

PRODUCT ENGINEERS
A degree in electrical engineer­
ing with 2 to 8 years’ experience 
in . instrumentation engineering 
of industrial processes or data 
handling equipment is required,

TECHNICAL WRITER
Electrical engineering graduate 
with recent experience in writ­
ing of technical instruction man­
uals.

ASSOCIATE SCIENTIST
MS or PhD in chemistry or chem 
engr or BS and equivalent train­
ing and experience in instrumen­
tal methods of analysis and phys­
ical chemistry. Good background 
in fundamentals and mathematics 
necessary.

ASSOCIATE SCIENTIST
BS in nuclear engineering, phys­
ics or electrical engineering. 3 to 
5 years’ experience in nuclear 
instrumentation desired. Experi­
ence in solid state electronics re­
quired.

ASSOCIATE SCIENTIST
MS degree with both chemical en­
gineering and automatic control 
training. Experience in chemical 
or petroleum processes with auto­
matic control system design, 
Computer experience also desir­able.

PRODUCT ENGINEER
BS in EE with experience on elec­
tromechanical devices and elec­
tronic instruments. Facility with 
feedback amplifiers desirable.

ASSOCIATE SCIENTIST
BS or MS in EE, knowledge of 
semiconductor and vacuum tube 
circuitry as applied to instrumen­
tation required. Knowledge of 
magnetic amplifier circuitry de­sirable.

MARKET DEVELOPMENT
Field Engineer BS in engineer­
ing preferably metallurgical. 3 
to 6 years’ sales experience in 
metal working industries. Ex­
perience with heat-treating fur­
naces desirable.

DESIGN ENGINEER
A degree in mechanical engineer­
ing with 3 to 4 years’ experience in 
design and application of small 
mechanisms plus knowledge of 
manufacturing processes is re­quired.

SEND COMPLETE RESUME TO:

WAYNE I. BESSELMAN
Coordinator of Technical Employment

LEEDS &
NORTHRUP CO.

4850 Stenton Ave.
Phila. 44, Pa.
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THE SYSTEM ENGINEER

advanci

-olid state electronic
instrumentation and mag

MITRE
Honeywell |h

244 Wood Street — Lexington 73, MassachusettsNONHWfU

FLIGHT CONTROL SYSTEMS: Analytical, systems, 
and component engineers to work in areas such as

J brochure more fully describing WTRf 
and its activities is available on request.

DIGITAL COMPUTERS 

HUMAN ENGINEERING 
AIR TRAFFIC CONTROL

COMMUNICATIONS 

RADARS 
COUNTERMEASURES

Positions on MITRE’s Technical Staff are available in 
suburban Boston, Massachusetts, Montgomery, Alabama, 
and Fort Walton Beach, Florida.

flight reference and guidance systems. 
Positions range from analyzing stability and control

Engineers and scientists with a good theoretical back­
ground and an interest or experience in system work 
will find challenging opportunities in the following areas:

14-33 Stinson Blvd. N.E., Minneapolis13. Minnesota

To explore professional opportunities in other 
Honeywell operations coast to coast, send your appli­
cation tn confidence to H. K. Eckstrom, Honeywell, 
Minneapolis 8, Minnesota.

NEW YORK INTERVIEWS DURING IRE CONVENTION 
MARCH 21-22-23-24

and up to twenty years’ experience in precision 
gyro and accelerometer development, servo tech­
niques, digital techniques, _ -___
development, advanced 
netic component design

To arrange an immediate confidential interview, please send resume to 
Dana N. Burdette, Personnel Director, Dept. 15-AX

Senior members of the Technical Staff will be available 
for interviews at the MITRE suite in the Waldorf Astoria Hotel.

If you prefer to arrange an appointment in advance 
you are invited to CALL COLLECT

Frank Kalanis, Lexington, Massachusetts • VOlunteer 2-8950

CIRCLE 909 ON CAREER INQUIRY FORM
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professional opportunities 
at Honeywell Aero
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The major function of the System Engineer is to assist 
his client in making sound system decisions and to 
develop plans and specifications which he can verify 
and support He is a source of ideas about the kinds of 
systems which are appropriate and feasible. He under­
stands the problems of designing and building the 
system components. He is qualified to examine new 
concepts and alternate designs and can relate the utility 
of proposals to cost and time He can evaluate designs 
proposed by other agencies and contractors. He helps 
his client decide what to build and how best to build 
it. He translates these decisions into plans which can 
be carried out by other contracting agencies. He devises 
system tests and evaluates the operational capability of 
the subsystems and the integrated system.

MITRE, formed under the sponsorship of Massachusetts 
Institute of Technology, is an engineering and develop­
ment organization with major system responsibilities in 
air defense and air traffic control.problems, systems engineering through design, test­

ing and proof of electrical and mechanical equip­
ment—including flight test and production test.
GROUND SUPPORT: Electrical Engineers to design 
equipment for testing complex electronic systems, 
preferably with experience in digital techniques, 
solid state circuitry, and logic circuit design as 
applied to automatic checkout systems.
EVALUATION: Graduate engineers with electronic 
background desiring opportunity in development, 
qualification and reliability testing. Must have 
ability to design and develop specialized equipment 
which can duplicate environmental conditions en­
countered by advanced projects. Assignment in this 
work leads directly to a career in design, research or 
advanced system development.
ADVANCED GYRO DESIGN: Engineers with two

PRODUCTION: Electrical engineers to assume re­
sponsibility for placing complex devices such as 
platforms, floated gyros, accelerometers, vertical 
and rate gyros, calibrators and computers into pro­
duction. Work with design engineers to introduce 
production know-how and techniques into original 
design. Responsible for estimating, processing, and 
tooling during the pre-production phase; directing 
assembly, calibration, and inspection efforts during 
initial production phases.
INSTRUMENTATION: Development and design in 
the critical areas of test instrumentation for Aero 
products. Two years’ experience in test instrumen­
tation desired.

To investigate any of the above professional 
opportunities at the Aeronautical Division, please 
write in confidence to Bruce Wood, Dept. 471.
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AEROJET-GENERAL

outstanding opportunity

DEPARTMENT HEAD­
INSTRUMENTATION SOLID
ROCKET MOTOR TESTING
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International • Scientific • Procoet
Spine»

Subsidiaries: Sheckley Transistor Corp.
• Systems.
Beckman G.m.b.H., Germany •
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Oivlsionsi Berkeley • Hellpet 
Instruments

This is a middle-management position reporting di­
rectly to the Assistant Manager of Testing, Sacramento 
Plants. The salary, relocation allowances, and other 
benefits are commensurate with the position.

Sacramento, California
CIKU »11 ON CARHR INQUIRY FORM
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Bockman Instruments, Ltd., Scotland. 
Beckman Q © I960 B l I.

One of the free world’s largest rocket motor manufac­
turers is seeking an individual to manage its solid 
rocket motor test Instrumentation Department. The 
person filling this position will have a comprehensive 
electronic engineering background (M.S. or Ph.D. de­
gree in E.E. or physics preferred) with 6 to 10 years of 
directly related experience in applied instrumentation.

This individual will be responsible for the technical 
and administrative direction of several hundred engi­
neers and technicians engaged in the design, develop­
ment, operation, and maintenance of multi-channel 
analog and digital data acquisition and processing sys­
tems, capable of measuring solid rocket motor per­
formance parameters to one-quarter of one percent of 
the data point. In addition, he will be required to rep­
resent the Department at technical meetings with cus­
tomers, associate contractors, suppliers, management, 
and project engineering personnel.

please submit a detailed resume outlining 
education, experience, and professional ac­
tivities to:

E. P. James, Supervisor 

Engineering Placement

AEROJET-GENERAL CORPORATION
Post Office Box 1947S

ENGINEER-IMPROVEMENT 
COURSES AND SEMINARS

Below are courses and seminars in­
tended to provide the engineer with 
a better knowledge of various spe­
cialties. Our grouping includes sev­
eral different types of meetings: 
National Courses—those held on 
consecutive days and intended to 
draw attendees from all geographical 
areas; One-Day Seminars—one-day 
intensive seminars which move from 
city to city; and Regional Lectures 
—regional symposia or lecture series 
which generally run one night a 
week for several weeks.

Regional Lectures
Managing the Development Engineering Func­
tion, AMA, Chicago, New York, San Francisco

In this seminar, the development engineering 
functions will be analyzed and their relationship 
to search and development will be discussed. 
The seminar is of interest to all personnel of both 
corporate departments and divisions. Discussion 
will cover these major subjects: steps from idea 
to product; the engineering role; basic training re­
quirements; operations research and engineering; 
and organization for performance. The seminar 
will be held in: Chicago Mar. 21-23; New Y’ork 
Apr. 20-22; and San Francisco Apr. 25-27. For 
further information on this seminar and the fol­
lowing write to: /American Management Associa­
tion, Inc., 1515 Broadway, New York 36, N.Y.

Creating and Evaluating Research Projects, AMA 
San Francisco, Chicago

Research directors, executives directly associated 
with research projects, and supervisory personnel 
responsible for the execution of projects in the re­
search laboratory will find this seminar of interest. 
The program will be devoted to consideration of 
the fundamentals involved in creating a well or­
ganized research project. The seminar will be held 
in: San Francisco Apr. 25-27; and Chicago May 
16-18.

PAPER DEADLINES
Convention Program Chairmen 

have issued the following deadlines 
to authors wishing to have their 
papers considered for presentation.

Authors are invited to submit either 100-150 word 
abstracts, a 400-500 word summary or a completed 
paper for the National Electronics Conference 
scheduled for Oct. 10-12 to be held at the Sherman 
Hotel, Chicago, Ill. Send to: Prof. Thomas F. 
Jones, Jr., Program Chairman, NEC, School of 
Electrical Engineering, Purdue University, Lafay­
ette, Ind.

$6,000 to $75,000 
Go Begging

It's true! Cadillac, the nation’s largest Executive and 
Professional placement service, has many more electronic 
positions available than we can fill.

We represent every "Blue Book" Electronics firm in 
America, over 350 in all. Because of this, Cadillac is able 
to offer Electronics Engineers a choice of positions un­
equalled by any other firm.

FREE MONTHLY BULLETIN
Because you are an Electronics Engineer, our monthly 
Electronics Opportunities Bulletin and our Completely 
Confidential Placement Service are available to you FREE 
OF CHARGE.

"For your free Bulletin, each month listing America's 
BEST Electronics jobs, send your name and home address 
to:"

Eugene B. Shea 
Executive Vice President

Cadillac 
Associates, Inc. 

29 E. Madison Bldg., Dept. E2
Chicago 2, III.

Mr. Engineer . . •
Retain your Identity at

BECKMAN'S SYSTEMS DIVISION
In Orang« County, California

Here’s your chance to be a big fish in a small pond . . . not that 
our Systems Division is loo small . . . it’s just that we’re not so 
large and over organized that the individual and his efforts are 
submerged in a mass of humanity and a welter of paper work. 
Our business is the design, development, and manufacture of pro­
prietary electronic data processing and data acquisition system . . . 
research and development study projects pertaining to satellite pro­
grams . . . varied engineering design projects and other activities 
with both military and commercial significance.
There’s ample elbow room for the non-organization man in any one 
of the following professional areas:

Logic Design • Systems Design • Analog Design • Systems 
Engineering • Digital Design • Project Management • Project 

Engineering • Electronic Design • Systems Evaluation and
Modularization • Field Engineering • Applications Engineering

If you’d like to receive more information about us, we suggest you 
write to our Mr. J. W Carlton enclosing a brief description of your 
background.

BECKMAN INSTRUMENTS, INC.
Systems Division

325 North Muller, Anaheim 6, California
25 miles south of Los Angelos, near the Pacific Coast

BECKMAN INSTRUMENTS, INC.
Electronic Comoononts, InttrumonH, Systems ... for AnolytH, 

Moatu'omont, Counting on» Control.

Executive Offices: Fullerton, Calif.
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