
1 

JANUARY1963 

Designers guide to: 

Lamps 

Indicator lights 

Illuminated switches 



Top Performance at Lower Cost! 

MC 
TYPE B DISCAPS 

INC 
0022 

t 

150 680 .0015 .0033 .0047 
220 750 .0018 .0039 .005 
330 800 .002 .0047* 2x.002 
470 820 .0022 .005* .01* 
500 .001 2 x 800 2x.0015 + 20% 
560 .0012 2 x .001 2x.002* .02* 

+80%-20% 

.0068 

.0082 

.01* 

.02* 

.01 

.02* 
+80%-20% 
2x.004 
2x.005 

.02 
+ 80%-20% 
.04" 
+ 80%-20% 

*Rated 500 V.D.C.W. Flash test 1250 V.D.C. 

Life test per EIA RS- 198 

Disc sizes under 1/2 " diameter have lead spacing of .250. Discs 
1/2 " diameter and over have .375 spacing. 

POWER FACTOR: 1.5% Max. @ 1 KC 
(initial) 

POWER FACTOR: 2.5% Max. @ 1 KC 
(after humidity) 

WORKING VOLTAGE: 1000 V.D.C. 

TEST VOLTAGE ( FLASH): 2000 V.D.C. 

LEADS: No. 22 tinned copper (.026 dia.) 

INSULATION: Durez phenolic—vacuum 
waxed 

INITIAL LEAKAGE RESISTANCE: Guaran-
teed higher than 7500 megohms 

AFTER HUMIDITY LEAKAGE RESISTANCE: 
Guaranteed higher than 1000 meg-
ohms 

Type B DISCAPS are rated at 1000 working volts yet cost no more than 
ordinary lighter constructed units. Designed for by-passing, coupling or 
filtering, applications, Type B DISCAPS are available in capacities between 
.00015 and .04 MFD. They meet or exceed all ETA RS-165 specifications 
for Z5U ceramic capacitors and show a minimum capacity change between 
+10° C and +85° C. 

Type BTM values to meet MIL C 
11015B available on special 
order. 

DISCAP 

CERAMIC 

CAPACITORS 

111 

RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLORY t CO., INC. 

GENERAL OFFICE: 4242 W. gryn Mow, Are., Chicago 46, III. 

Two INC Plants Dec.,. d Raclusiv•ly to Ceramic Capacitors 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

Circle I on 41quiry Card 
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As WE ENTER 1963, business forecasts for the elec-

tronic industries are optimistic. Factory sales of $15 

billion are estimated for this year, compared to $13.1 

billion for 1962. Military business will account for $9.0 

billion in 1963, against $7.6 billion in 1962. 

By 1975 there will be 230 million people in the United 

States. This will mean at least a 25% increase over 

today's market for consumer electronic products. 

Another growth area is industrial electronics which 

is now $2.4 billion and should reach $4.0 billion by 

1966—an increase of 66%. 

The growth pattern of our industry has been spec-

tacular, until now. However, there is genuine concern 

that it may be slowed by the critical shortage of tech-

nical manpower in the next ten years. More than any 

other industry, we must have vast numbers of scientists, 

engineers, and technicians. 

Today, over 60% of our scientists and engineers are 

directly or indirectly employed by the U.S. government. 

This creates a serious problem of finding engineers to 

support the forecast growth in the consumer and indus-

trial market. 

For the engineer to be fully effective, he needs sup-

porting technicians to breadboard, test and report on the 

circuits he designs. Recent studies show that we now 

have about one technician per engineer. It is estimated 

that each engineer should have the support of three or 

more technicians. Apparently, we are paying some hand-
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CAN WE SOLVE 

OUR MANPOWER 

PROBLEM? 

some salaries to engineers for technicians work! 

We believe industry must take a hard look at the 

educational system needed to support our ambitious 

growth plans. 

Better electronic technicians are needed—men who 

know more than how to use a soldering iron and identify 

a resistor or a capacitor. A good technician should have 

adequate training in science and mathematics so that 

the engineer can communicate with him effectively. 

The two-year community colleges could be the an-

swer. These colleges offer two-year technical extension 

courses of an open-end or terminal type. In the open-

end course, it is presumed that the student will proceed 

to a university and secure a degree. The terminal course 

graduate would be a well-trained and competent tech-

nician. 

A number of excellent private institutions now serve 

this area. But we need quantity as well as quality, and 

there just are not enough of these schools to meet man-

power requirements. 

\Ve believe industry should actively support the com-

munity college program by assisting in the development 

of curricula and the placement of graduates. 

It is time that we stop lamenting the shortage of en-

gineers and do something about it. A constructive tech-

nician training program will strengthen our industry 

and release engineers to create the products we must 

have to reach our industry goals for 1970. 
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Coaxial Magnetrons—a New Class of Tubes page 90 
The magnetron is not the most modern power generator. Yet, it plays 
a vital role in microwave electronics because it continues to be the 
smallest, most efficient and most powerful oscillator available. It is 
also usually the least expensive. 

High-Speed Digital Communication Networks page 96 
Reliable and fast global communications are receiving more and more 
attention. A variety of skills are required for their design, not the least 
of which are complex mathematical techniques. Some of these con-
cepts are examined and illustrated. 

Transient Response of Ceramic Filters page 106 
Transfer parameters of ceramic bandpass filters suggest a comparison 
with the " ideal" narrow-band filter. Actual measurements closely agree 
with calculated values. By correlating these results, filter response to 
many important transients is evaluated as a function of bandwidth and 
phase response. 

For X-Y Plotting ... Saturable Reactor Sweep Supply page 111 
Motor-driven variable transformers and swept-electronic regulated sup-
plies have certain disadvantages in providing slow sweep voltages for 
recorders. Most of these disadvantages are overcome when a saturable 
core reactor replaces the motor driven transformer. It is used to 
sweep the primary of any transformer or ac powered dc output supply. 

A New Digital Telemetering System page 123 
A new class of logic circuits that are far simpler than anything being 
used today has been made possible through use of multi-aperture 
ferrite cores. A new digital telemetering system which makes use of 
these cores is described. 

Designer's Guide to Lamp Selection, Part 1 page 139 
How do reliability and miniaturization affect your choice of a lamp? 
The 3 classes of lamps for indicating devices: large, miniature, and 
sub-miniature are thoroughly discussed. Data on micro-miniature types 
is also given. Handy check-lists for specifying and buying, along with 
comparison charts are included. 

Designer's Guide to Indicator Lights, Part 2 page 151 
Indicator lights are the preferred means of conveying information on 
equipment condition and functions. The major factors involved in their 
use are discussed in this article. A thorough study of the transistor' 
controlled indicators now coming into widespread use is also included. 

Designer's Guide to Illuminated Switches, Part 3 page 162 
Many factors must be considered when using illuminated push-button 
switches. Units displaying 1 to 12 messages are discussed, along 
with more lighting information. A Human Factors Check-List is pre-
sented at the conclusion of this article. 

The Role of R & D in Future Profits page 227 
How much does R & D affect a company's profits? How much should 
it affect them? How much should be directly related to a company's 
profits? Here are some observations by the Chief Executive of a suc-
cessful electronic firm. 

Coaxial Magnetrons 

Digital Communications Networks 

Lamps, Indicator Lights, Illuminated 
switches 

Automatic Gain Control 
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la 0 mmec 
Analyzing current developments and trends 

throughout the electronic industries that will shape 

tomorrow's research, manufacturing and operation 

4e: à 

PLOTTING AIR SAFETY 

Four Federal Aviation Agency pilots plan schedule in which they will 
face 24,000 possible mid-air collisions to help find a fool- proof 
method to avoid flying mishaps. Instead of being airborne, however, 
they will " fly" in a simulator at the Federal Aviation Agency's center 
in Atlantic City, N. J. 

EXPORT PUSH is being planned by the Com-

merce Dept. New executive position has been cre-

ated, "Assistant Secretary for Domestic and Inter-

national Business." Both imports and exports are 

now at all-time highs, and exports are increasing 

more rapidly than imports. helping to narrow the 

gap in the nation's balance. 

NASA WILL PUBLISH the first of a regular 

series of reports of space research with possible in-

dustrial applications within six months. The plan 

is to make public research findings which might 

have use in non-space or non-defense industries. 

Special industrial application experts are being em-

ployed who will spot civilian possibilities in NASA 

and DOD research reports. Periodically they will 

produce "state-of-the-art" reports for use in indus-

try. 

TRANSISTORS SO RELIABLE that they will 

remain in service more than 100,000 years, were 

predicted by H. I. Romnes, President of Western 

Electric Co. at the Radio Fall Meeting in Toronto. 

This prospect, he said, makes it possible for the 

company to seriously consider installing transistor-

ized amplifiers and coaxial cables at very close in-

tervals to expand vastly their capacities. 

MILITARY RIVALRY has been blamed for the 

loss of two years and $170 million in development 

costs of the Advent communications satellite. The 

House Committee blamed bickering between the 

Army and Air Force. The subcommittee said the 

bickering was based on rivalry over letting con-

tracts and lack of man-to-man discussion between 

services. 

MORE THAN 70% OF THE STEREO BROAD-

CASTERS are now losing money. Two young San 

Franciscans, co-owners of stereo station, KPEN-

FM, appealed to the nation's stereo receiver manu-

facturers to support these stations through in-

creased advertising and promotional guidance. 

More manufacturers, they said, should follow the 

example of the few companies which have helped 

stereo broadcasters with advertising and layouts, 

news release suggestions, and other forms of pro-

motional assistance. Stereo's future, they said, is 

"absolutely unlimited." 

ELECTRONIC WARFARE 
Crewmen of Strategic Air Command B-52 bombers are learning 

the techniques of electronic countermeasures in this new simu-
lator built by Reflectone Electronics. Simulated flights have 
ranged up to 2,000 miles, through realistically duplicated hostile 
radar and missile- attacking environments. 
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DEPRESSED AREAS will get more aerospace 

contracts as a result of a comprehensive program 

by 18 aerospace companies and Dept. of Defense. 

The program, which was considered a trial effort, 

will be reviewed by the Aerospace Industries As-

sociation and the Director of Economic Utilization 

of DOD every six months. It will be limited in the 

beginning to areas specifically designated by DOD. 

The program will also be confined in its initial 

stages to five categories of sub-contracting. Com-

mon, readily available, and highly competitive 

product lines have been avoided because their na-

ture would produce a low yield of opportunity. The 

program is looking to single out sources of ( 1) 

electronic devices of a reliability level capable of 

meeting military specifications (2) optics and opto-

mechanical assemblies, and (3) electro-mechanical 

components of high reliability. 

SURVEY OF ENGINEERS was undertaken to 

assess their attitudes towards professionalism. 

Three groups of engineers were included in the 

survey: 110 engineers from a consulting firm, 80 

engineers from a Federal Government engineering 

department, and 61 engineers from an industrial 

firm. Professional attitude score was computed 

with three different situations, and differences be-

tween the groups were evaluated. The professional 

attitude for industry engineers was the lowest, 

computed at 49.89 while the average for engineers 

employed by the consulting firm was 53.98. Gov-

ernment engineers fell in the middle, with an aver-

age of 51.43. Copies of the study are available from 

the National Society of Professional Engineers, 

2029 K St., N.W., Washington 6, D. C. 

COMPUTER MANUFACTURERS are stepping 

up their sales of computer equipment to OEM 

manufacturers. In the long range picture, this may 

prove to be a very significant development, since 

the computer manufacturers have the advantage 

of being a large primary consumer of their own 

products. Just last month Univac Div. of Sperry 

Rand announced that they will market a broad 

range of electronic equipment to computer, com-

munications, and control equipment manufacturers. 

Initially the equipment utilized in the line of Uni-

vac Computer Systems will be offered. This will 

include card readers, card punchers, high speed 

printers, memory drums and magnetic tape units. 

A market study completed by Univac indicates 

that "in the next two years, the OEM market for 

computer peripherals will double in size to approxi-

mately $150 million annually and by 1972 to $350 

million." The company also plans full engineering, 

manufacturing and marketing and special equip-

ment and devices, as needed by the original equip-

ment manufacturers. 

BREAK THROUGH IN OPTICAL COMPUT-

ERS has been achieved at Rome Air Development 

Center. The aim is the replacement of conventional 

wires, cores and thin-films with glass fibers car-

rying controlled light waves as signals rather than 

electrical impulses. Four agencies are collaborating 

on the development—RCA, American Optical Co., 

Stanford Research Institute, and Rome ADC. 

RCA's applied research activity discovered the 

ability of these lasering glass fibers to operate in 

a new computer scheme called Neuristor. RCA is 

determining the characteristics required to provide 

suitable lasering fibers and methods of using the 

fibers in an neuristor logic computer arrangement. 

Stanford Research contributed the neuristor logic 

scheme, while American Optical created the chem-

ical glass known as the lasering fiber. Creation of 

the optical computer could reportedly result in 

computers 10 or even 100 times faster and much 

smaller than present-day types. 

AFTER NUCLEAR ATTACK 
Goodyear Aircraft engineer inspects the aluminized film portion of 
antenna the company is developing for use after a nuclear attack. 
The inflatable structure would be stored underground, and would 
erect and inflate for operation automatically after other structures 
have been leveled by the nuclear explosion. 
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Investigate these Power Amplifiers 
for your VHF Communications Needs! 

CHECK THESE KEY PARAMETERS: 

Pd Cl 25°C case 1 W 

BVcBo 30 V 

BVcEo 15 V 

fi 1 Kmc 

PG @ 160 Mc 7 db 

Cob 8 pF 

rb' Cc 60 nsec 

Sprague's ECDC technology ,, proven in the 2N2 loo 

nanosecond film memory driver, has been extended 

to amplifier or oscillator transistors covering a 

wide range of VHF communications applications. 
The ECDC process combines the benefits of electro-

chemical and diffusion technology to provide 

today's best combination of electrical character-

istics for maximum circuit efficiency. 

* * * 

For complete engineering data, write for Engineering 

Bulletins 30,409 and 30,414 to Technical Literature 

Service, Sprague Electric Company, 233 Alarshall 

Street, North Adams, Massachusetts. 

SPRAGUE COMPONENTS 

TRANSISTORS INTERFERENCE F.LTERS HIGH TEMPERATURE MAGNET WIRE 

CAPACITORS PULSE TRANSFORMERS CERAMIC- BASE PRINTED NETWORKS 

MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES 

RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS 

MICRO- CIRCUITS TOROIDAL INDUCTORS ELECTRIC WAVE FILTERS 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague and '(Zr are registered tradenarks of the Sprague Electric Co 

J 
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MILLIMETER WAVE TUBE 

Technician assembles a "stack" of circuit 
parts that forms part of a new high power 
amplifier tube developed by Hughes Aircraft 
Company. According to company scientists, 
the tube could eliminate radio blackouts ex-
perienced by astronauts by cutting through 
the ion shield that surrounds a spacecraft 
during re-entry from orbit. 

AFSC INSTITUTES 

DOD "PERT" PROGRAM 

The Air Force Systems Command is 
reported among the first to put in effect 
a Dept. of Defense approved PERT 
program to improve cost control and 
scheduling of complex R & D projects. 
The "PERT" Program (Program 

Evaluation and Reporting Technique) 
will he carried out by all three serv-
ices. Service R & D agencies will use a 
joint DOD/NASA guide to develop 
methods for systematic program-cost 
reports and predictions. 
An AFSC PERT/Cost team has 

been established at the Aeronautical 
Systems Div., Wright-Patterson AFB, 

RY1 PE102 
FIRST SUCCESSFUL LASER 

COMMUNICATIONS LINK 

I lie first successful transmission of 
microwave signals using a light wave 
as the carrier has been announced by 
scientists of Stanford Univ.'s Elec-
tronics Laboratories. 
The achievement was hailed as the 

first step toward using the wide-band 
potentialities of laser-produced "co-

herent light" for communications. 
It has been estimated that a single 

laser light beam could carry as much 
information as all the radio communi-
cation channels now in existence. It 
could carry a hundred million TV pro-
grams at the same time. 
A means of putting a microwave in-

formation signal on the light beam, or 
"modulating" it, was developed some 
time ago. But it has remained for 
someone to find a way of directly "de-

modulating" or receiving this infor-
mation. 

Prof. A. E. Siegman announced suc-
cessful tests of two such devices and 
plans for a third. He demonstrated 

one of them, a microwave phototube 
for visiting scientists and engineers. 
The microwave phototube is a "travel-
ing-wave tube with a photo-emissive 

cathode," developed in cooperation 

GAS BEARING GYRO 

New gas bearing gyro is set up for a test 
run at Sperry Gyroscope Co.'s Marine Div. 
Laboratories in Garden City, N. Y. Hundreds 
of hours on the test stands have shown the 
drft rate of the Mk. 1 Mod. 3 to be " infin-
itesimal." Performance data are classifiied. 

with Sylvania Electric. 
Another device, a "fast semicon-

ductor photodiode," also has been de-

veloped by the Stanford group. It is 
simpler, more compact and in some 
respects more efficient than the photo-
tube, but requires the use of an ampli-

fier. 
The third device is an "FM dis-

criminator microwave phototube" now 

nearing completion in the laboratories. 
It is designed to demodulate fre-

quency-modulated light. 

Ohio, to set up program procedures 

for the TFX (Tactical Fighter Ex-

perimental) Program. 
The Air Force has never before 

employed a PERT program for de-
velopment of a total weapons system. 
Earlier PERT programs were used for 
lesser projects. 
The AFSC is expected to have the 

largest PERT/Cost effort within the 

defense establishment. 

UNDERSEA 

COMMUNITY 

Undersea community 
like one in sketch 
may be powered by 
nuclear reactor being 
designed by West-
inghouse. Reactor, 
using thermoelectric 
elements would sup-
ply 3,000 KW of 
power. Company is 
building research 
sphere called " Deep-
star," like one shown 
here. It would house 
crew and act as con-
trol center for un-
dersea vehicles. 

SIDE-LOOKING RADAR DATA 

CONVERTED FOR MAPPING 

An instrument designed to rectify a 
side-looking radar photograph so that 
if can be used in making accurate maps 
is being tested by the U. S. Army En-
gineer Geodesy, Intelligence and Map-
ping R&D Agency, Fort Belvoir, Va. 
Known as a "Side-Looking Radar 

Presentation Restitutor," the instru-
ment is part of a radar map compila-

tion system being developed for the 
Army to permit planimetric mapping 

from radar photography to a scale of 
1:250,000, meeting national map ac-
curacy standards. 
The restitutor was built by Belock 

Instrument Corp. 

NEW RESEARCH CENTER 

P. R. Mallory & Co., Inc., has 
opened its Laboratory for Physical 
Science, a 9,600 sq.-ft. research facil-
ity in the Northwest Industrial Park. 

Burlington, Mass. 

More News on Page 9 



another ©from MOTOROLA... 

silicon epitaxia Stalr planar choppers 

with parameters virtually insensitive to temperature from + 25°C to + 85'C 

The lowest available offset voltage and offset current, com-

bined with extremely low inverse saturation and the highest 

frequency response of all choppers available today, are yours 

with the new Motorola 2N2330 (T0-5 package) and 2N2331 

(T0-18 package) Star planar choppers. And, you can use these 

units without resorting to elaborate temperature precautions 

because they are virtually insensitive to temperature variations 

from + 25°C up to +85°C. 

Designed especially for high-speed DC-AC chopping in low-

level saturated switching applications, these new devices are 

ideal for use in telemetry, multi-channel communications, ana-

log computers, and other low-level data handling applications. 

Matched pairs of each type are available on special request 

for "quasi" push-pull chopper circuit applications. Pairs can be 

matched with respect to offset voltage, (V.,,), to within 50 or 

100 microvolts. 

*STAR is a trademark of Motorola Inc. 

INPUT 
SIGNAL 

1. 

SERIES-SHUNT TRANSISTOR CHOPPER 

SQUARE WAVE DRIVE SIGNAL 

Circle 3 on Inquiry Card 

OUTPUT 
SIGNAL 

Ri 

2N2330 (T0-5) 

Po =. 0.8 Watts 
2N2331 (T0.18) 

Po = 0.5 Watts 

etteractedstice Symbol MM. Typ. Max. Unit 

Offset Voltage 
(I. = 200 µAdo , k = 0) 

Inverse Saturation Voltage 
(Is = 200 gAdc, le = 50 µAdo) 

Small Signal Forward Current Transfer Ratio 
(lc = 1MAdC, VCE = 1 VdC, f = 100 mc) 

Offset Current 
(Vic = 2.0 Vdc, VCE = 0, TA = 25°C) 

Offset Current 
(Vvc = 2.0 Vdc, VCE = 0, TA = 85°C) 

Emitter Diode Recovery Time 
(k = 1.5 mA nominal) 

'All values at 25"C ambient unless otherwise indlcat d. 

t,. 

0.3 

1.0 

1.5 

0.1 

3.5 

Production quantities 
are available now. 

0.75 

30 

10 

mVdc 

mVdc 

nAdc 

nAdc 

gsec 

To obtain either type, or if you would like 

additional technical information, contact your 

local Motorola District Office or Distributor. 

MOTOROLA 
Semiconductor Products Inc. 

A S'r, OF MOTOROLA. 

5005 EAST McDOVVELL ROAD • PHOENIX 8, ARIZONA 
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ri-IREE-DIMENSIONAL VIEW 

View of heart pulsations is seen on oscillo-
scope by spatial vecto-cardiograph ( 1; and 
their shape and sound is recorded on mag-
netic tape by medical electronics system de-
veloped by Minneapolis- Honeywell. A Univ. of 
Tenn. pediatric cardiologist will use the sys-
tem in long-range study of heart beharior in 
infants and children. 

CARBORUNDUM EXPANDS 

ELECTRONIC ACTIVITIES 

At its new 40,000 sq. ft. Electronics 

Div. plant addition at Niagara Falls, 

N. Y., Carborundum, which in 1891 

began producing silicon carbide, one 

of the world's first manufactured abra-

sives, will soon be making a new 

micro-miniature silicon-carbide ther-

mistor. It will have an operating tem-

perature of over 500°C. and response 

time under a second. 

Electronic products, which ac-

counted for 10% of Carborundum's 

$141,176,116 net sales last year and ab-

sorbed 25% of it research expendi-

tures, also include custom air and liq-

uid-cooled dummy-load resistive as-

semblies and special assemblies to pro-

tect equipment during development. 

FAA ORDERS 66 

RADAR SYSTEMS 

The Federal Aviation Agency has 

taken a major step toward standardi-

zation of civil and military air traffic 

control systems with the award of a 

$10,045,935 contract to Texas Instru-

ments Inc. of Dallas. Tex., for 66 air-

port surveillance radar systems. 

These radars will be installed at con-

tinental and overseas U. S. Air Force 

Bases. Under an earlier FAA contract 

with Texas Instruments, 36 ASR sys-

tems were built and installed at major 

air terminals throughout the U. S. 

The new equipment will pick up air-

plane targets up to 60 miles distant, at 

altitudes up to 40,000 feet. 

(Continued on page 12) 

BrA U [IC T2 

AEC has cancelled a contract for a portable nuclear power plant at Byrd 
Station in the Antarctic. The contract was cancelled for the convenience of 
the Government due to cost increases, schedule slippages and because the 
design as developed did not meet original objectives. AEC has also asked 
the contractor, Allis-Chalmers Mfg. Co., to submit a proposal for analyzing 

the over-all plant (designated PM-3B) design against the technical objectives. 
They are to recommend areas where redesign can effect improvements and 
perform such redesign work as is approved. 

U. S. Naval Academy has purchased six computers for use in instructing 
midshipmen in analog computer techniques. About 1,800 first and second 
class (junior and senior) midshipmen will receive instruction this school 
term in the various applications of analog computation. This is the first 
full-scale use of computers at the academy for this purpose. The computers 
are TR-10, solid state units manufactured by Electronic Associates, Inc., 
Long Branch, N. J. 

USAF engineers at Wright-Patterson AFB, Ohio, are simulating reentry 
from space missions, according to the Air Force Systems Command. The 
flight conditions are being simulated to obtain information on instruments 
and instrument displays for future aerospace vehicles. Flight conditions are 
simulated from 120,000 ft. altitude (about 22V2 mi.) and Mach 6 speed (more 
than 4,500 mph at sea level) to an "earth" landing. Work already completed 
by the Air Force on the program is being applied to its X-20 Dyna Soar 
Program. NASA is using the data in the Gemini and Apollo programs. 

University of Michigan radio astronomers have successfully measured the 
intensity of low frequency radio waves in the Milky Way, according to 
Fred T. Haddock, director of the U-M Radio Astronomy Observatory 
(RAO). Measurements were made with a 145 lb. rocket-borne instrument 
package which was lofted 1050 mi. over the Atlantic Ocean from Wallops 
Island, Va. The measurements were macle at 750, 1,200 and 2,000 K C. 

A highly precise method for measuring small vibration displacement ampli-

tudes is now being used in calibrating vibration pickups. The method, de-
veloped at the National Bureau of Standards for the Navy, makes the meas-
urements even in the presence of considerable "jitter." The technique uses 
photoelectronic measurement, in place of visual inspection, of an inter-
ferometer fringe pattern to identify vibration amplitudes. 

Tests with a new Air Force bio-measuring device have shown that an aver-
age person driving home from work on a busy freeway may undergo more 
nervous strain than an astronaut in orbit. He also faces sonic traffic situa-
tions more frightening to him than blasting off a launch pad. Hughes Air-
craft Co., developers of the instrumentation pack, tried it out on civilian 
"guinea pigs" before delivering the equipment to the Air Force. The civilians 
were instrumented and exposed to common nerve-shattering situations which 
included navigating the Los Angeles freeway system. 

An experimental radio communication system to help assure nonfading re-
ception has been developed by ITT Federal Laboratories, under Air Force 
contract. System uses 28 ft. dish antennas to send and receive a message 
over several angularly separated radio beams simultaneously. Advantage is 
that diversity improvement is attained by a single receiving antenna using 
multiple beams instead of a receiving system needing either more antennas 
or a wide radio spectrum or both. 

Federal Electric Corp., Paramus, N. J. service associate of ITT Corp., has 
been contracted to link eight South Vietnam cities with a microwave radio-
telegraph communications system. The $2.3 million contract, which calls 
for a system with a capacity of 600 simultaneous messages, was awarded by 
the U. S. State Dept.'s Agency for International Development. Two addi-
tional cities will be linked to Saigon by a very high frequency tributary 
system. Project is due for completion late this year. 
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Prize Crop of 
Precision Potentiometers 
With smaller cases, higher resistances, 

better linearity, finer resolution, and higher 

operating temperatures than any other line. 

Now you can obtain a 25 to 39% increase in total 
resistance together with standard linearity as low 
as 0.2% and resolution as fine as 0.01% — in a poten-
tiometer that's shorter than any competitive unit. Our 
10-turn Model 3500, for example, is just 1" long, a full 
1/2" shorter than units available elsewhere. The secret: 
new design techniques including a thin-wall molded 
plastic case that lets us put a 20%- longer resistance 
element in a shorter package. 

The new case also improves heat dissipation, thus 
increasing power- handling ability and raising the maxi-
mum operating temperature 20'C above that of poten-

tiometers available elsewhere. Sealed against humidity, 
these units exceed steady-state requirements, and most 
can even be specified to meet MIL-STD-202B, Method 
106 (cycling humidity). Reliability is further enhanced 
by the virtually indestructible Bourns Silverweld8 
termination. 

Units are individually inspected and subjected to the 
stringent double-check of the Bourns Reliability Assur-
ance Program. Prices are competitive and delivery is 
immediate. Write today for complete technical data. 
AVAILABLE OFF THE SHELF AT FACTORY PRICES 
FROM DISTRIBUTORS ACROSS THE NATION. 

Exclusive Silverwelde 
termination an indes-
tructible fused bond be-
tween terminal and 
resistance wire— elimi-
nates chief cause of 
precision potentiometer 
failure. 

•*° 

Double slip- ring contact 
provides wider contact 
area and a double 
safety margin for vibra-
tion and shock. 

Molded, high-tempera-
ture plastic housing 
enables standard model 
to meet steady state 
humidity spec. of MIL-
STD-202B, Method 103. 

20%- longer resistance 
element provides better 
resolution, cooler oper-
ating temperature, and 
higher total resistance. 

Element grooves molded 
within plastic housing 
ensure perfect helix for 
resistance element. 

Large slider block pro-
vides greater wiper 
stability, eliminates 
rocking. 

Special close- tolerance 
rotor almost completely 
eliminates backlash. 

Quad ring ensures Mil-
Spec. resistance to 
humidity. 

This cutaway of Model 3500 shows the typical high- quality construction 
to be found in all Bourns precision potentiometers, although some features may vary from model to model 
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41' 

Model 3500— 7/8 ", 10-turn 
Now: standard linearity of 0.2% 

Model 3700- 1/2", 10-turn 
Now: drastically reduced to only $ 19.60 each ( 100 pcs.) 

Length (body) 

Standard linearity 

Standard resistances 

Power rating 

Humidity 

Max. operating temp. 

Resolution 

1.00" 

t 0.2% 

5001! to 125K 
2.0W @ 70°C 

MIL-STD-202B, 
Method 103 
(steady state)f 

125 C 

0.01 to 0.03% 

Length (body) 

Standard linearity 

Standard resistances 

Power rating 

Humidity 

Max. operating temp. 

Resolution 

1.00" 

-± 0.25% 

500f2 to 100K 

1.0W @ 70°C 
MIL-STD-202B, 
Method 103 
(steady state)f 

125C, 

0.020 to 0.060% 

Model 3520— Mt", 5-turn 
Length, .678"—resistances to 75K 

Model 3600 KNOBPOT* Potentiometer- 3/4 ", 10-turn 
Potentiometer, dial, and knob all in one— operates at 125°C 

Length (body) 

Standard linearity 

Standard resistances 

Power rating 

Humidity 

Max. operating temp. 

Resolution 

.678" 

± 0.3% 

200n to 75K 

1.5W @ 70°C 

MIL-ST0-202B, 
Method 103 
(steady state)f 

125 C 

0.015 to 0.070% 

Length (body) 

Standard linearity 
(dial accuracy) 
Standard resistances 

Power rating 

Humidity 

Max. operating temp. 

Resolution 

(Also available without dial) 

1.00" 

Li-- 0.5% 

1K to 100K 

1.5W @ 25°C 

MIL-STD-202B, 
Method 103 
(steady state) 

125°C 

.011 1.o .035% 

Model 3510— Y8", 3-turn 
Length, . 549"— resistances to 50K 

Length (body) 

Standard linearity 

Standard resistances 

Power rating 

Humidity 

Max. operating temp. 

Resolution 

.549" 

0.3% 
200(2 to 50K 

1.0W @ 70 C 

MIL-STD-202B, 
Method 103 
(steady state)t 

125' C 

0.028 to 0.100% 

TURNS-COUN I lN OIALS 

Easy-to- read dials requiring only 1of panel space are available 
for all Bourns precision potentiometers ( except KNOBPOT units, 
which incorporate their own dials). Easily mounted — no extra 
pane holes needed, can be set to les-; than . 1% of total travel. 
Lock.ng device (optional) positively prevents shift ,n setting. 
Anodized finish, black or clear. 

KNOBPOT POTENTIOMETER MIL-SPEC COLOR ACCESSORIES 
Meeting color requirements of MS-91528B 
and MIL- STD- 242 ( ships). 

o 
COLORED SNAP- RINGS for 
color- coding panels or impart-
ing high style to equipment 

COLORED MIL-SPEC SLIP-OVER 
KNOBS for function, for style. 
Standard I' MIL- Spec diameter 

LOCKING DEVICE 
(BRAKE) to Dr e• 
vent accidental liar-

ring of settings. 

:fTAlfeLESS STEEL 
SKIRTS to add a 
much of glamour. 

All units shown actual size 

*U.S. Pat. No. 3,069,646 
(Optional feature meets MIL- STD- 202B, Method 106 cycling humidity ii p 0 T_T 1•TS 

MOURNS. 1NC.. TR11.1•01. 1211,11110N 

1200 COLL11.101..% AVE . RIVE 1,1SIDE CALIF 

PHONE 6124 1 , 00 • TS" 6,2•S3S2 

C.1,211..E BOURN 31NC 

Manufacturer: Trimpoe potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, Iowa.; and Toronto, Canada. 
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MOM 
eu.-1 PEI?? 

SCIENTIFIC TOOL 

Machinist at RCA's Camden, N. J., plant puts 
finishing touches on the company's 1,000th 
Electron Microscope. The microscope enables 
researchers to see and phctograph objects 
1 million times thinner than a human hair. 

UNIVAC ANNOUNCES PLANS 
TO MARKET MAGNETIC CORES 

UNI VAC Division of the Sperry 
kand Corp. has announced plans to 
market a variety of magnetic cores. 
Within the next six months produc-
tion will be at the level of 200 million 
cores per year with at least 10 types of 
cores offered for sale, according to 
D. D. Kirsch, mgr. UNIVAC Phila. 
Defense Marketing. In addition to a 
full range of cores, the company will 
market complet0v wired planes. 

AF SATELLITES 

MEASURE RADIATION BELT 

The Air Force has carried special 
instruments on its military test satel-
lites to measure the trapped radiation 
in the radiation belt created by the 
U. S. high-altitude nuclear blast last 
July. 

Measurements from the AF satel-
lites have confirmed the increased elec-
tron densities calculated from the early 
Injun and Telstar data. They show no 
significant increase in number of pro-
tons. 

Radiation of the artificial belt has 
been found to sharply increase above 
400 miles altitude at the geomagnetic 
equator, extending upward into the 
lower Van Allen belt. It reaches in-
tensities of 100 to 1,000 times normal 
above 1,000 miles altitude. 

ARMY INVESTIGATES 
NIGHT VIEWING METHODS 

The U. S. Army Mobility Command 
is studying new methods of image in-
tensification in its long-range program 
to provide the U. S. soldier with im-
proved night viewers. These methods 
would require only starlight. moon-
light or skyglow to produce visible 
images. 

Besides current research ‘vith vac-
uum tube image intensifiers, MOCOM 
is studying use of blocks of semicon-
ductor and other materials to accom-
plish this purpose. If achieved, this 
method may be cheaper and more re-
liable. 
The non-vacuum tube image intensi-

fication program is being conducted by 
Electro-Optical Systems, Inc. 

ATLANTIC ACOUSTIC 
RANGE IS INSTALLED 

.\ electronic "ear" has been 
permanently installed in deep ocean 
waters by Lockheed Electronics Co., 
of Plainfield, N. J. The "ear," more 
correctly known as the AUTEC ( At-
lantic Undersea Test and Evaluation 
Center) acoustic range, is designed to 
probe the sounds of the sea. It is the 
first phase of a U. S. Navy program to 
develop an underwater test and train-
ing center to help bolster the nation's 
anti-submarine warfare capability. 

Data gathered during the studies 
will add to basic knowledge of under-
sea sound, and may also prove useful 
in developing better undersea defenses. 
Range consists of three basic parts: 

an electronic array to detect, amplify 
and transmit- sound: a mooring system 

capable of holding the array in its 
precise position; and a deep-sea cable 
system to connect the various parts of 
the array. 

Girder- like arm being lowered into the water 
holds hydrophones which are used to detect 
undersea sound during test operations at 
the U.S. Navy's new AUTEC acoustic range. 

SUPERCONDUCTING 

Three-akis, cryogenic accelerometer devel-
oped by Minneapolis- Honeywell has been 
successfully operated at a temperature of 
about 5'K. Company says it could be used 
with any high accuracy inertial navigation 
system. Transformers in tie instrument help 
generate current which create a magnetic 
field to support a superconducting spheri-
cal mass in a frictionless bearing. Mass 
is found in the upper portion of the unit. 

ELECTRONIC SUPERVISORY 
CONTROL FOR PIPELINE 

Texas Eastern TraLsini›sion Corp., 
one of the country's largest gas pipe-
line companies, has installed an elec-
tric supervisory system to obtain in-
creased efficiency in pipeline opera-
tions. Heart of the system is a Control 
Data computer. 
Data transmission speeds have been 

increased enormously to a point where 
this system has the highest used com-
mercially for gas pipeline compressor 
station control. 
The supervisory and data handling 

system with the Control l'oint at 
Shreveport, La., and with the sixth 
controlled or satellite station at Del-
mont, Pa., is a medium band, approxi-
mately 200 Kc. provammed, solid-
state device. Without additional equip-
ment at the Control Point, it can su-
pervise and control 32 satellite stations 
(or addresses). 
The theoretical maximum capacity 

of the system is the supervision and 
control of 999 different stations ( or 
addresses). 
The supervisory system, when not 

being called on to perform Control 
functions or the logging of data, is au-
tomatically sequenced into a scan pro-
gram, during which time all stations 
on the system are continuously scanned 
in sequence for alarms or other upset 
of station operating conditions. 

More News on Page 23 
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New from Sprague! 

Extended-foil section inside 
end cap. Every turn of the 

electrode is positively con-
tacted! 

Metal end caps on capacitor 
roll guard against entrance 
of moisture. 

Lead firmly welded to metal 

end cap. 

Multi-advantage Construction in 
MINIFIED SIZE— 

Rating for rating, Pacer Capacitors are almost 

one-third the size of conventional paper or paper-

film tubulars, making them ideally suited for 

transistorized circuitry and other space- saving 

applications where small size with dependability 

is an important consideration. 

BEST POSSIBLE NON-INDUCTIVE SECTION— 

Metal end caps over extended foil sections assure 

non-inductive capacitors, since all turns of the 

electrode are contacted beyond question. 

Capacitor shown 5x actual size 
to illustrate unique construction 

Fixed diameter of metal end 
cap insures uniformity of 
capacitor size. 

Hard, durable, orange epoxy 
protective coating. 

a Low-cost Film Capacitor! 

For complete technical data on Pacer Capacitors, write 

for Engineering Bulletins 2066 and 2067 to Technical 

Literature Service. Sprague Electric Co., 233 Marshall Street, 

North Adams, Massachusetts. 

SPRAGUE COMPONENTS 
_ 

CAPACITORS 

TRANSISTORS 

MAGNETIC COMPONENTS 

RESISTORS 

MICRO-CIRCUITS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE- FORMING NETWORKS 

TOROIDAL INDUCTORS 

IMPROVED HUMIDITY RESISTANCE— 

End caps act as effective moisture barriers. Ca-

pacitor sections are further protected by hard, 

durable, orange epoxy coating. 

UNIFORMITY OF SIZE— 

Unlike other epoxy-coated units, the end caps 

on Pacer Capacitors assure the rigid fixed diam-

eters needed for use with automatic insertion 

equipment. The two smallest sizes are identical 

with resistor and diode sizes, making them 

especially suitable for 'cordwood' packaging. 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC- BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

ELECTRIC WAVE FILTERS 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Sprague' and Cy are registered trademarks of the Sprague Electric Co. 
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STEVENS CerMeat THERMOSTATS 

for electronic and aerospace applications* 

If Space is your dimension, take the measure of Stevens Certified Thermostats. For in 
hostile aerospace environments, you can't take a chance on Reliability. 

Since Stevens makes the broadest line of bimetal thermostats in the industry, you can get 
all the special features to fit your special requirements exactly right from a proven, 
standard production-line Stemco thermostat, or from a minor modification thereof. This also 
gets your product off the ground faster . . . by cutting lead time . . . by slashing 
engineering and development costs. 

If reliability, weight, smaller size and cost are considerations, there's only the Stevens 
Certified Thermostat line to consider. Start the countdown sooner by putting us in your 
supplier orbit. 

*Above Stemco Thermostats are designed and manufactured to meet most requirements of applicable 
MIL specifications. 

do efie, 
Type MX Hermetic Type AX Hermetic Type C Hermetic Type A Hermetic 
Snap - acting to open on Sim.lar to Type MX but to Field-adjustable, positive. Electrically independent 
temperature rise only. close on temperature rise. acting. Electrically iode- bimetal disc and high• 
Highly responsive copper Wide selection of terminals pendent bimetal str p type response brass case for 
housing. Standard toler- and mounting provisions, for operation from -10° to quick, snap-action control 
ance * 3°F with 2 to 6°F highly responsive brass 300°F. Also supplied as from -ir to 300°F. Various 
differentials; 1 to 4°F dif• housing. 2° to 6°F differen. double thermostat 'alarm' enclosures, terminal ar-
ferentials on special order. tial. Bulletin 3200. type. Turret termirals or rangements and mounting 
Temperature 10° to 260°F. wire leads. For ratings, etc., provisions, including 
Various terminals and Bulletin 5000. brackets. Bulletin 3000. 
mounting brackets. See 
Bulletin 6100. A•7192A 

STEVENS manufacturing company, inc. 
P.O. Box 1007 • Mansfield, Ohio 
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JANUARY 1963 
Jan. 13-18: Nat'l. Winter Mtg., AChS; 

Cincinnati, Ohio. 
Jan. 15: Gen'l. Mtg., Ass'n. of Elec-

tronic Parts & Eqpt. Mfrs.; Chicago, 

Jan. 19-20: Southeastern Div. Cony., 
ARRL; Miami, Fla. 

Jan. 21-23: 31st Annual Mtg., IAS; 
Astor Hotel, New York, N. Y. 

Jan. 22-24: 9th Nat'l. Symp. on Re-
liability & Quality Control, IRE 
(PGRQC), ASME, ASQC, EIA; Sher-
aton- Palace Hotel, San Francisco, 
Calif. 

Jan. 22-25: ERA Annual Cony.; Mark 
Hopkins Hotel, San Francisco, Calif. 

Jan. 23-25: 1st Inst. for Intl. Eng., 
Univ. of Colo., Consulting Engrs. 
Cncl., Colo. Reg. Export Expansion 
Cncl., Colo Soc. Engrs., U. S. Dept. 
of Commerce, SBA; Univ. of Colo., 
Boulder, Colo. 

Jan. 23-26: Mtg., APS & AAPT; Statler-
Hilton Hotel, New York, N. Y. 

Jan. 26-28: Joint Annual Mtg., MAA, 
AMS (AMS meets Jan. 24-28); Univ. 
of Calif., Berkeley, Calif. 

Jan. 28-31: 14th Annual Plant Eng. & 
Maintenance Show, Clapp & Poliak, 
Inc.; McCormick Place Exp. Ctr., 
Chicago, Ill. 

Jan. 28-Feb. 1: 1963 AIEE Winter 
Gen'l. Mtg. & Electrical Eng. Exp.; 
Statler-Hilton, New Yorker Hotels, 
the Coliseum, New York, N. Y. 

Jan. 29: 12th Annual Quality Control 
Clinic, Minn. Sec., ASQC; Leaming-
ton Hotel, Minneapolis, Minn. 

Jan. 30-31: 9th Annual Midwest Weld-
ing Conf., ARF; Hermann Hall, Ill. 
Inst. Tech., Chicago, Ill. 

Jan. 30-Feb. 1: Nat'l. Winter Cony. on 
Military Electronics, IRE (PGMIL); 
Ambassador Hotel, Los Angeles, 
Calif. 

FEBRUARY 
Feb. 4-8: ASTM Annual Committee 

Week; Queen Elizabeth Hotel, Mon-
treal, Que., Canada. 

Feb. 4-10: 1963 Western Electronic 
Week & Pacific Electronic Trade 
Show (Feb. 8-10), AED; Shrine Exp. 
Hall, Los Angeles, Calif. 

Feb. 5-7: 18th Reinforced Plastics Div. 
Conf., SPI; Edgewater Beach Hotel, 
Chicago, Ill. 

Feb. 11-13: 1st Annual Cony., Elec-
tronic Sales-Marketing Ass'n.; Amer-
icana Hotel, New York, N. Y. 

Feb. 11-14: Semiannual Mtg. & Exp., 
ASHRAE; Statler-Hilton Hotel and 
the Coliseum, New York, N. Y. 

Feb. 18-19: 4th Electrical/Electronic 
Trade Show, Electrical Reps. Club, 
Electronic Reps. Ass'n.; Denver-Hil-
ton Hotel, Denver, Colo. 

Feb. 18-20: 13th Nat'l. Conf. on Stand-

...in the electronic industry 

ards, ASA; Biltmore Hotel, New 
York, N. Y. 

Feb. 20: 4th Annual Reliability Symp., 
Los Angeles Sec., ASQC; Statler-Hil-
ton Hotel, Los Angeles, Calif. 

Feb. 20-22: 10th Intl. Solid-State Cir-
cuits Conf., IRE (PGCT), AIEE, Univ. 
of Pa.; Univ. of Pa., Sheraton Hotel, 
Philadelphia, Pa. 

Feb. 21-22: Quality Control Conf., West-
ern Reg., ASQC; Flamingo Hotel, 
Las Vegas, Nev. 

Feb. 22: Gang. Mtg., Ass'n. of Elec-
tronic Parts & Eqpt. Mfrs.; Chicago, 

Feb. 23: AMS Mtg.; New York, N. Y. 
Feb. 24-28: AIME Annual Mtg.; Dallas, 

Tex. 
Feb. 26- Mar. 1: 19th Annual SPE Tech. 

Conf.; Statler-Hilton and Biltmore 
Hotels, Los Angeles, Calif. 

MARCH 
Mar. 1-2: APS Mtg.; Rice Univ., Hous-

ton, Tex. 

'63 Highlights 
IEEE Intl. Cony., Mar. 25-28; Coliseum 

and Waldorf-Astoria Hotel, New York, 
N. Y. 

ICEAS, Infl. Conf. & Exh. on Aerospace 
Support, Aug. 4-9, AIEE, IRE, ASME; 
Sheraton- Park Hotel, Washington, 
D. C. 

WESCON, Western Electronic Show and 
Conf., Aug. 20-23, IRE, WEMA; Cow 
Palace, San Francisco, Calif. 

National Electronics Conf., Oct. 28-30, 
IRE, AIEE; McCormick Place, Chi-
cago, Ill. 

NEREM, Northeast Research and Eng. 
Mtg., Nov. 4-6. IRE; Boston, Mass. 

Mar. 2: 7th All-Day Seminar, Dayton 
Sec., ASQC; Engineer's Club, Day-
ton, Ohio. 

Mar. 3-7: Gas Turbine Conf. & Prod-
cts Show, including Aviation & Space 
Conf., ASME; Statler-Hilton Hotel, 
Los Angeles, Calif. 

Mar. 4-8: Pittsburgh Conf. on Analyt-
ical Chem. & Applied Spectroscopy, 
Pittsburgh Analytical Chem. Soc., 
Pittsburgh Spectroscopy Soc.; Penn-
Sheraton Hotel, Pittsburgh, Pa. 

Mar. 5-7: 1963 Microminiaturization 
Cong., AWI; Sheraton Hotel, Phila-
delphia, Pa. 

Mar. 5-7: Southeastern Plant Eng. & 
Maint. Show & Seminar, Southeast-
ern Shows, Inc., AIPE; Merchandise 
Mart, Charlotte, N. C. 

Mar. 7-8: IAS Propulsion Mtg.; Cleve-
land, Ohio. 

Mar. 10-13: AlChE Nat'l. Mtg.; Roose-
velt Hotel, New Orleans, La. 

Mar. 12: Annual Mtg., Ass'n. of Elec-

tronic Parts & Eqpt. Mfrs.; Chicago, 

Mar. 13-14: 13th Nat'l. Conf. on In-
strumentation for the Iron & Steel 
Ind., ISA; Pick- Roosevelt Hotel, Pitts-
burgh, Pa. 

Mar. 15: 10th Annual Quality Control 
Clinic, Milwaukee Sec., ASQC; Mil-
waukee Inn, Milwaukee, Wisc. 

Mar. 15-16: Information Processing 
Conf., Computing Devices Commit-
tee, AIEE; Calif. Inst. Tech., Pasa-
dena, Calif. 

Mar. 15-17: Michigan State Cony., 
ARRL; Saginaw, Mich. 

Mar. 16: Annual Quality Conbol Sem-
inar, S. Conn. Sec., ASQC; Univ. of 
Bridgeport, Bridgeport, Conn. 

Mar. 18: Workshop - Seminar - Quality 
Control Mgmt., Boston Sec., ASQC; 
MIT Faculty Club, Boston, Mass. 

Mar. 18-22: ASM Western Metal Exp. 
& Cong.; Ambassador Hotel and Pan-
Pacific Audit., Los Angeles, Calif. 

Mar. 20-29: Symp. — "Quantitative 
Spectroscopy at Elevated Tempera-
tures and Selected Applications in 
Space Science," AFOSR, AF Cam-
bridge Res. Labs., ARPA, NASA, Inst. 
Def. Analysis, ONR, Calif. Inst. Tech.; 
Calif. Inst. Tech., Pasadena, Calif. 

Mar. 23: Annual Nat'l. Cony., Intercol-
legiate Broadcasting Syst.; New 
York Univ., Univ. Hts., New York, 
N. Y. 

Mar. 25-27: Space Testing & Support 
Mtg., IAS, ARS; Cocoa Beach, Fla. 

Mar. 25-28: IEEE Intl. Cony.; Coliseum 
and Waldorf-Astoria Hotel, New York, 
N. Y. 

Mar. 26: 19th Annual Quality Control 
Conf., Rochester Sec., ASQC; Univ. 
of Rochester, Rochester, N. Y. 

Mar. 26-28: American Power Conf., 
ASME; Sherman Hotel, Chicago, Ill. 

Mar. 27: Spring Mtg., Ultrasonic Mfrs. 
Ass'n.; New York, N. Y. 

Mar. 27-28: Spring Textile Eng. Conf., 
ASME; Clemson House, Clemson, 
S. C. 

Mar. 30: Quality Control Cont.., Battle 
Creek-Kalamazoo Sec., ASQC; Univ. 
Ctr., W. Mich. Univ., Kalamazoo, 
Mich. 

Mar. 31-Apr. 3: 41st Annual NAB Cony. 
& 17th Annual Broadcast Eng. Conf.; 
Chicago, Ill. 

Mar. 31-Apr. 5: Nat'l. Spring Mtg., 
AChS; Los Angeles, Calif. 

APRIL 
Apr. 1-3: "Pressure Vessels tor Aero-

space Applications," 4th Annual 
Structures & Materials Conf., IAS, 
ARS; Palm Springs, Calif. 

Apr. 1-5: 1st Annual Dallas Ind. Trade 
Fair, State Fair of Texas; State Fair 
Park, Dallas, Tex. 

(Continued on page 16) 
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"made-to-measure precision" 

suerra nun 

Tests 
Transistor Beta 
in-the-circuit 

—MN 

TRANSISTOR TESTER —Portable, Battery Operated 

• Reads Beta directly in-the-circuit ( 1-4, 3-12, 
10-40, 30-120); no need to unsolder leads 

• Measures Ico , (0-50, 0-500 pa) & Beta out-of-
circuit 

III Packaged for portability in 3 of a cubic foot; 
weighs 124'  lbs. 

• Carries its own battery power supply 

• Price: $ 335; delivery immediately from stock 

For a free demonstration, more 
information about the 219B Tran-
sistor Tester, or the complete 
Sierra Quick Reference Catalog, 
contact your Sierra representa-
tive, or write to address below: 

SIERRA ELECTRONIC DIV. 
0 F 

PH I LCO 

Sierra Electronic Division / 3885 Bohannon Drive / Menlo Park 2, California 

mrg 

Apr. 10-11: 4th Symp. on Eng. Aspects 
of Magnetohydrodynamics, IRE (PG-
NS), AIEE, IAS, Univ. of Calif.; Univ. 
of Calif., Berkeley, Calif. 

Apr. 16-17: 1963 Ohio Valley Instru-
ment-Automation-Electronics Exh. & 
Symp., ISA, SESA; Cincinnati Gar-
dens, Cincinnati, Ohio. 

Apr. 16-18: "Optical Masers," 13th An-
nual Polytechnic Intl. Symp., IRE, 
AIEE, OSA, AFOSR, ONR, ARO, Brook-
lyn Polytech. Inst. Microwave Res. 
Inst.; New York, N. Y. 

Apr. 16-18: 10th Cleveland Electronics 
Conf., IRE, AIEE, ISA, Cleveland 
Physics Soc., Case Inst. Tech., West-
ern Reserve Univ.; Sheraton-Cleve-
land Hotel, Cleveland, Ohio. 

Apr. 17-19: 1st Intl. Conf. on Non-
linear Magnetics, IRE ( PGEC, PGIE), 
AIEE; Shoreham Hotel, Washington, 
D. C. 

"CALL FOR PAPERS" 

Ina Conf. & Exh. on Aerospace se-
port, Aug. 4-9, 1963. Sheraton-Park 
Hotel, Washington, D. C. Papers 
may deal with, but are not limited 
to, the following subjects: electri-
cal/electronic systems and tech-
niques, mechanical structures, sys-

tems and techniques, guidance, con-
trol, telemetry, communications, in-
strumentation and checkout, train-
ing, education, management and ad-
ministration. The deadline for pa-
pers is Feb. 18, 1963. For complete 
information, contact: Technical Ses-
sions Committee, P. 0. Box 6635, 
Wasington 9, D. C. Papers may also 
be submitted through the participat-
ing societies, including the ATEF:. 
ASME and others. 

ENGINEERING EDUCATION 

Short Courses of interest to engineers 

X-Ray School 

The 44th Norelco X-ray Analytical 
School will be held Feb. 4-8, 1963, at 
the Henry Hudson Hotel, New York, 
N. Y. Chemists, metallurgists, physi-

cists, production supervisors, quality 
control engineers and others interested 
in the application of X-ray diffraction, 
diffractometry and spectography are 
invited to register. The course is of-
fered free. Norelco X-ray schools are 
also held in Chicago in June and in 
San Francisco in Sept. For informa-
tion, contact: Philips Electronic In-
struments, 750 S. Fulton Ave., Mt. 
Vernon, N. Y. 
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This $60.00 two-volume 

multi-language glossary 

will be sent to you 

WITHOUT CHARGE 

15,000 physics and engineering terms 
cross-translated in 6 languages 

1,500 Pages. Cross-translates physics terms in 

ENGLISH, GERMAN, JAPANESE, FRENCH, RUSSIAN, SPANISH 

This message is for engineers and technologists who have 
a real taste for the challenge of modern physics problems 
...men who now find it vitally important to keep up with 
the steady stream of foreign technical news that pours 
out of key industrial nations such as Germany, Japan, 
France, the U.S.S.R. and others. 
Whether for reasons of cooperation or competition 

with foreign companies, these engineers and tecAnol-
°gists make it their business to keep abreast — almost 
daily — of the science and engineering progress being 
made outside the United States. 

It is specifically for men like these that the Macmillan 
Company now is introducing a complete .two-volume 

PLEASE SEE OTHER SIDE 

FOR DESCRIPTION OF 

THE ENCYCLOPAEDIC 

DICTIONARY OF PHYSICS 

IMPORTANT NOTE 

Volume I of the Translating Glossary is 

ready for immediate shipment. This provides 

complete cross-translatiig facilities in Eng-

lish, German, Russian and French. Volume 

II, which provides translating facilities in 

Japanese and Spanish, will soon be at the 

printers. Later this year it will be shipped 

free of charge to Volume I owners. Mail 

cErd for complete information. 

translating Glossary of physics terms. This six-lang-
uage Glossary is a companion to THE ENCYCLOPAEDIC 
DICTIONARY OF PHYSICS which is described on the follow-
ing page. Although the Glossary is available separately 
at $60.00 ( for both volumes) we will be pleased to fur-
nish it without charge to individuals or companies who 
wish to acquire it now in conjunction with THE ENCY-
CLOPAEDIC DICTIONARY OF PHYSICS. 

All ten of these Physics volumes are made available 
on an unconditional 30-day trial basis. To receive com-
plete information on the Translating Glossary and on 
THE ENCYCLOPAEDIC DICTIONARY OF PHYSICS, simply 
fill in and mail the postage-free card below. 

;11,11VOn400,Ut.,, *   ..11111 

ffl MI BM MIIIM Iffl Mal 

FIRST CLASS 

PERMIT NO. 348 

NEW YORK, N. Y. 

BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 

POSTAGE WILL BE PAID BY 

THE MACMILLAN COMPANY 

60 Fifth Avenue 

New York 11, N. Y. 

Mail Service Dept. 

U JI ma mu am IIIII 

VIA 
AIR 
MAIL 

MIIM11•1111111 11•1111111111 
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ANNOUNCING 

THE ENCYCLOPAEDIC 
DICTIONARY 0 F PHYSICS 

The first nuclear-space age physics encyclopedia in English 

Handsomely bound in 
buckram and stamped 

in leaf gold, each volume 

delivered in its own 
protective sl.pcase. 

Over 15,000 current engineering and physics sutjects covered on general, nuclear, solid state, molecular, 

chemical, metal and vacuum le ysics astronorry, geophysics, astrophysics, biophysics, general mechanics, 
mathematics, optics, ther-ncdynamics, medical physics and all related branches of physical science 

Created for busy engineers, 

technologists and 
technical writers who need 

authoritative information in a hurry 

WE VENTURE that every engineer or 
Y technologist reading this announcement 

has frequently experienced the sheer exhila-
ration of solving a technical problem through 
association of ideas. By discovering (or 
remembering) something from an entirely 
different field of physical knowledge, the 
problem at hand is solved by transferring 
and adapting an existing principle. 

In order to use this process of "idea-asso-
ciation" most effectively, it is helpful for an 
engineer to have reference works that cover 
the entire scope of physical science—literally 
at his fingertips. To provide just such a com-
pendium of physics knowledge in one single 
set of quick-reference volumes, THE ENCY-
CLOPAEDIC DICTIONARY OF PHYSICS has been 
created. 

These 8 volumes have no counterpart in 
the English language. They gather all the 
world's current knowledge of nuclear-spare 

age physics into a single alphabetized set. so 
that authoritative information on any phy-
sical subject may quickly be found without 
the need to hunt through many bookshelves 
of unrelated volumes. 

Over 15,000 physical subjects are covered, 
with about 6,000 photographs, diagrams, 
charts and tables. Each article is a complete, 
self-contained explanation of the subject or 
term it discusses — with the need for cross 
references kept to an absolute minimum. 
Should the user wish to make a detailed 
study of a particular subject, extensive bib-
liographies are appended to the articles — 
saving the long hours it would take to com-
pile one's own list of reference books. THE 
ENCYCLOPAEDIC DICTIONARY OF PHYSICS offers 
— for the first time — a practical means for 
engineers and technwal personnel to slash 
the time spent on incidental research' 

Compiled by Scientists from 17 Nations 

All subjects are arranged in strict alpha-
betical order so that any specific physical 
subject may be found in a matter of seconds. 
A comprehensive Index Volume also is pro-
vided, to furnish cross references that help 
the user quickly locate all articles that are 
related to broader physical subjects. The In-

' - 
SIX- LANGUAGE TRANSLATING GLOSSARY OF PHYSICS TERMS 

AND 

THE ENCYCLOPAEDIC D.CT ONARY OF PHYSICS 

INFORMATION REQUEST CARD 
The Macmillan Company, 

Dept. 400-606. 60 Filth Avenue, New York 11 

Gentlemen: Please send, by mail, complete information on THE ENCYCLO-
PAEDIC DICTIONARY OF PHYSICS — and your proposal under which the $60.00 
SIX-LANGUAGE TRANSLATING GLOSSARY OF PHYSICS TERMS would he sent 
without charge. I understand there is absolutely no obligation, and no 
salesman will call. 

Name 
PLEASE PRINT 

Firm Name ( il required)   

Address   

City/Zone  State 

dex Volume contains about 80,000 entries. 

Years in preparation, THE ENCYCLOPAEDIC 
DICTIONARY OF PHYSICS is the work of 3,609 
of the world's most distinguished physicists, 
chemists, engineers and mathematicians from 
the United States, Great Britain. France, 
Germany, Austria, Switzerland, Italy. Bel-
gium, Holland, Sweden. Canada, Eire, Aus-
tralia. Israel. Lebanon. Yugoslavia and India. 
The Editor-in-Chief is J. Thewlis, Harwell; 
the Associate Editors, R. C. Glass, London, 
D. J. Hughes, Brookhaven and A. R. 
Meetham, N.P.I.... Teddington. 

Complete Information Sent to You by Mail 
We will be pleased to furnish, by mail, com-
plete information on THE ENCYCLOPAEDIC 
DICTIONARY or PHYSICS—and an attractive 
proposal under which we will send you the 
SIX-LANGUAGE TRANSLATING GLOSSARY (de-
scribed on the other side) without charge. 
There is no obligation — not even to see a 
salesman— for none will call. 

Simply fill in and mail the Reply Card 
below ( no postage needed). If the Card has 
been removed, use Inquiry Card bound else-
where in this publication, or write: The 
Macmillan Company, Dept. 400-606, 60 Fifth 
Ave., New York 11. 

FREE GLOSSARY 
I DESCRIBED ON OTHER SIDE 

Information Request Card 

Needs No Postage. 

TEAR IT OUT NOW 
-MAIL TODAY! 

Detailed information on the Six-
Language Cross-Translating Glos-
sary and Encyclopaedic Dictionary 
of Physics will be mailed to you 
at once, without obligation. 



MAKES ALL TYPES OF ELECTRICAL 

CONNECTORS 

Solder BANTAMTM miniature round connectors con-
form to FAIL-c-0026482A • mate with, or replace 
connectors conforming to spec • other insert 
configurations available • quick disconnect bay-
onet type plugs, receptacles vibration resistant, 
moisture proof within required temperature 

range • corrosion protection for contacts as-
sured by extra heavy gold plating • other plat-
ings available • exclusive wire-seal grommet 
seals all wire types. 

solder 
or 
crimp 
HYFEN ® BANTAM mates with, replaces connectors 

conforming to MIL-c-26482 in controlled environ-
ment • other configurations accommodate com-
binations of standard and/or miniature coax • 

features crimp-type, removable contacts which 
reduce cost by permitting replacement of indi-
vidual contact • socket contacts feature closed 

entry design • complete line of full cycling instal-
lation tooling facilitates quality control. 

Write for catalogs— ESURNEW , Norwalk, Connect. 
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for 0.4 to 10 micron 
Applications. 

Philco, pioneer of single crystal Infrared Detectors, introduces new capabilities and new materials in 
industry's most complete line of photoconductive and photovoltaic IR Detectors—plus a new family 
of visible light devices, featuring the only communications-compatible light-emitting diode. 

Evaluate the potential of ultra-reliable Philco semiconductors in your Infrared and Visible Light system 
designs. For complete data on specific types, call your nearest COMPAR office, or write Dept. EI163S. 

InAs Photovoltaic Detectors for 1.0-3.7 micron Region 

• IAU-601 TO- 18 Package/Quartz Window. Uncooled. 
• IAC-701  Miniature Glass Dewar/Sapphire Window. :or 195°K operation. 
• Custom Packages/Immersed Elements/Mounted on Thermoelectric Coolers. 
InSb Detectors. Dewar- Packaged for 77K Operation in 1.0-5.5 micron 
IR Region 

• 1SC-301, ISC-363•....Photovoltaic—Detectivy ( Ir) to 15 x 109. 
• 1SC-501 Photoconductive— Custom- Shaped Elements for Application Flexibility. 
• Proven performer in missilry. Available in volume. 

Ge Photoconductive Detector 

• GPC-201 Useful Over Entire 1.5-10 micron IR Region. 
GaAs Photovoltaic Detector for Visible (0.4-0.75 micron) and Near- I R 
(0.75-0.9 micron) Region 

• GAU-401 TO- 18 Package/ Uncooled. Peak Response at 0.85 micron. 

GaAs Light- Emitting Diode 

• CAE-402... . Emits at 0.9 micron. Radiates > I mw Uncooled. 
Packaged in UG-88/U type BNC for Maximum Modulation Capability. 

Si Photornix ,,r D,od , 

• 1-4501 .. Peak Response in 0.7 micron Range. Detects Modulation up to 5 Gc. 
Photomixer Quantum Efficiency of 85%. 

Dewar- Matched Cryostats 

Cryostat Type Compatible IR Detectors 
C- I00 ISC-301, ISC-501, GPC-201 
C-300 ISC-363, IAC-701 

Electro Optical Epitaxial Si Planar NpN Transistor 

• L-9000 Responds to Both Electrical and Light Signals. 
Overall Propagation Time < 0.1 ', sec. 
TO- 18 Package With Dome Wildow. 

SPECIAL PRODUCTS OPERATION PH I LCO. 
A SUBSIDIARY OF (5 ;eke. 2 7 WO ZA y  

LANSDALE DIVISION, LANSDALE, PA. 
IN EUROPE: Avenue de Beauregard 3, Fribourg. Switzerland 

Circle 14 on Inquiry Card 



Yf 
Facts and Figures Round-Up 

ve 
Ism 

RADIO & TELEVISION RECEIVER 
1 «  I 2OOC I2OOC 

PRODUCTION 
... à 

.. 
RADIO SETS 1955- 1962 à AI ;MOO 

A ji ikeja L! 
ye ,,,.. 

' eco 
À al A 

yiern,ir TM 
.3.50..00 

j . ,. WM TgafflMMINIVIIMWMM'IMIyaliamit ikLiim...ez11aiMailitiliti oe no. 
IOD O wunawralumeirst 100 , 

000 Mai` IF 
1100 

YIMI.I.T TIVIILVI. 

.00 1 

MO A ‘ TELEVISION SETS' MO ! 

goo 
. 
WV ‘ WIIIIIIIV 

i ... • TELEVSION SET V "IW 
VT 

1 
SOD . soo , 

500 : MM 
xe 

TELE VIS ON SETS V 400 
ec 
100 

neu /95 957 nee /95P mwo 'se/ nwe 
Ioo 

,,,,, 
.,11,1•1,•,11,1,1,•,3,0,11, 0 4,11,./,/1,11,,,,J,/,3,004,0 J, , ,14,•,..,J,J, A,3,0,14, 0 fi 11 i,,A,11,1,1,4,3,0,11,0 J , 1',11,•,11,1, .1, 4,3,0,11,0 b1 J,,,,•,11 11,•,., 0,.0 4, , ,Idy101,J,J,A,S0),11.0 ..11.11,111111 ,t01.1.101.a. 

GOVERNMENT ELECTRONIC CONTRACT AWARDS 

This list classifies and gives the value of electronic 

equipment selected from contracts awarded by gov-

ernment agencies in November. 1962. 

Accelerometers   
Amplifiers   
Antennas and accessories 
Attenuators, variable 
Batteries   
Cable   
Capacitors   
Coil   
Computers   
Converters, frequency 
Counters and Recorders 
Data equipment   
File conversion equipment 
Film Analyzer-Recorders 
Filters   
Generators/ Detectors 
Gages, thermocouple 
Headsets   
Indicators, transducers 
Intercom systems   
Inverters   
Laboratory equipment . 
Light indicators   
Magnetic tape   
Magnetic tape memory . 
Meters   
Microfilm Reader- Printer  
Microphones   
Microwave equipment 
Modules, digital   
Navigation equipment 
Oscillators   
Oscilloscopes   
Preamplifiers   
Print stations, high speed. 
Printed circuit boards . 
Programmer tape units   
Radar equipment   
Radio equipment   
Radio transmitters   
Range finders   
Receiver Transmitters . 
Recorders   
Recorder-Reproducers .. 
Relays   
Reproducer, Voice/code   
Resistance Standards   
Resistors, variable   
Sensing elements   
Semiconductors   
Solenoids, electrical   
Switches   

26,015 
273,020 
912,756 
26,200 

2,642,837 
176,832 
55,950 
99,150 

531,617 
546,400 
26,621 
52,580 

750,937 
51,900 
73,515 
98,298 
35,338 
49,927 
164,621 
671,135 
256,190 
410,000 
25,740 

226,450 
95,352 

305,541 
158,750 
26,633 

330,315 
38,551 

1,774,019 
47,560 

1,153,115 
48,500 

315,580 
25,110 
75,760 

2,101,877 
1,186,948 

41,855 
1,293,858 
2,618,402 
854,425 
844,093 
188,407 
95,230 
153,340 
63,371 
58,474 

861,180 
77,799 
86,010 

Telegraph equipment 589,863 
Telemetering equipment . 4,659,995 
Telephone equipment 577,125 
Test consoles 273,570 
Transducers 37,125 

Transformers   29,725 
Tubes, electron   1,251,069 
TV scanning equipment 42,000 
Vacuum equipment   84,510 
X-Y Electroplotter system 57,200 

Comparison of U.S./Canadian Engineering Salaries 

Year 

1953 
1954 
1956 
1958 
1960 

Starting Salaries 

U. S. Can. 

4050 3534 

5000 4266 
5850 4776 
6500 4950 

Median P. E. Salaries 

C/c Difference U. S. Can. , % Difference 

15 

17 
22 
31 

8460 
9490 
10000 
10660 

6100 
7200 
7900 I 
8544 

39 
32 
27 
25 

Source: Canadian Dept of Labour, Ottawa. 

U. S. Exports of Scientific & Process Control Instruments, 
First Half 1962 vs. First Half 1961 

All Classes, Total 

First Half 
1962 

$295,795,190 

First Half 
1961 

$190,858,876 

% Change 
First Half 
1962 1961 
+ 55.0 

I. Scientific and laboratory 
instruments and equipment 

1. Surveying and engineering 
2. Optical 
3. Flight, navigational, and 

meteorological 
4. Laboratory apparatus 

II. Industrial and process 
instruments and equipment 

1. Electrical measuring 

2. Mechanical measuring 
3. Automatic control devices 

172,910,030 83,871,105 
1,387,422 1,386,046 
9,815,585 8,440,075 

140,076,434 58,773,378 + 138.3 
21,630,589 15,271,606 ± 41.6 

122,885,160 
30,035,496 
26,670,654 
66,179,010 

106,987,771 
25,317,545 
24,134,010 
57,536,216 

+106.2 
{- .9 
+ 10.0 

+ 14.8 
+ 18.6 
+ 10.5 
+ 15.0 

Source: U. S. Dept. of Commerce. 
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At MARTIN Denver the revolution-

ary Thermofit harness system of 

heat-shrinkable, slip-on boots, tran-

sitions and tubing form a complete 

O.G.E. cable assembly. 



EAST 
PHI LCO CORP.'s COMMUNICATIONS AND 
ELECTRONICS DIV., Philadelphia, Pa. has been 
awarded a $5,881,478 contract by the U.S. Navy 
for production of guidance and control systems 
for Sidewinder I-A missiles. 

DOUGLAS RESEARCH DIV., DOUGLAS MICRO-
WAVE CO., Mt. Vernon, N. Y., has received a 
contract in excess of $ 100,000 from LEAR SIEG-
LER, INC., Santa Monica, Calif., to design and 
manufacture the complete microwave transmitter 
and receiver system for the Cloud Detecting 
Radar AN/CPQ- I I. 

ADLER ELECTRONICS, INC., New Rochelle, N.Y., 
received a $600,000 contract from the U.S. Air 
Force to engineer, furnish and install communica-
tions control systems for the Atlantic Missile 
Range. The project includes installations at Cape 
Canaveral, Antigua and Ascension Islands, and 
training of government personnel to maintain 
and operate the facilities. Major components and 
assemblies will be manufactured at the firm's 
Pelham Manor, N.Y. plants. The Rome Air Ma-
terial Command, (ROAMA), Rome, N.Y., was 
the awarding agency. 

ELECTRONIC COMMUNICATIONS, INC., St. 
Petersburg, Fla., has received 4 contracts total-
ing over $ 1,122,930 for communication equipment 
and services. Contracting agencies and the 
amounts are: Oklahoma City, Okla., Air Material 
Area, $432,000; Western Electric Co., $245,000; 
Warner Robins, Ga., Air Material Area, $307,930; 
and Middletown, Pa., Air Material Area, $ 138,000. 

ADAMS-RUSSELL CO., INC., formerly of Cam-
bridge, Mass., has completed its move to a new 
plant in the Bear Hill Industrial Park, off Route 
128, in Waltham, Mass. The new 20,000 sq. ft. 
plant will enable the company to triple its 
present production capacity. 

KULICKE AND SOFFA MFG. CO., Industrial 
Park, Ft. Washington, Pa., has announced the 
formation of THE DIAMOND BRAZER CO. OF 
AMERICA, to manufacturer multi- point diamond 
truers for abrasive grinding wheels. Diamond 
Brazer will operate as a division of Kulicke and 
Soffa. 

HAZELTINE CORP., Little Neck, N.Y., has re-
ceived a letter contract from the U.S. Air Force 
for additional quantities of the AN/APS-95 air-
borne early warning (AEW) radar system. Ac-
cording to a company spokesman, cost of the 
new system will total over $I million. 

AEROSPACE GROUP, consisting of the AERO-
SPACE SYSTEMS DIV., KEARFOTT DIV., and 
AEROSPACE RESEARCH CENTER, of GENERAL 
PRECISION, INC., Little Falls, NJ., has an-
nounced plans for a construction of a new 100,000 
sq. ft. research and development building in 
Wayne Township, NJ. The building, to cost more 
than $1 million, will be situated on a I13- acre 
tract recently purchased by General Precision 
for its Aerospace Group. 

BARNES ENGINEERING CO., Stamford, Conn., 
has acquired, for an undisclosed sum, the assets 
of the VERSATRONICS CORP., Ft. Walton Beach, 
Fla. Plans are under way to combine the former 
Versatronics and Barnes Florida groups at a 
single location near Cape Canaveral. The re-
sulting organization will be known as the Barnes 
Engineering Co., RANGE SYSTEMS DIV. 

GENERAL TELEPHONE á ELECTRONICS CORP., 
New York, N.Y. has announced receipt of a 
$13.7 million contract from the Dept, of the 
Army, for the production of electronic equip-
ment. The work will be performed by SYLVANIA 

'We nD 
Capsule summaries of important happenings in 

affairs of equipment and component manufacturers 

ELECTRONIC SYSTEMS, Div. of SYLVANIA ELEC-
TRIC PRODUCTS, INC., a subsidiary o' GT&E. 

PHOTOCIRCU1TS CORP., Glen Cove, N.Y., has 
announced their 10th addition in 10 years which 
is scheduled for completion in early ' 63. The 
latest addition will be 41,000 sq. ft. in size, and 
will be used for the manufacture of printed 
motors, photoelectric tape readers and precision 
o•*nted circuits. 

TELEPLEX CORP., Princeton, N.J., has officially 
changed its name to DYNAPLEX CORP. by recent 
action of the company's stockholders and Board 
of Directors. It was stated that the change had 
been made to eliminate possible confusion with 
the name of another company. 

POWERTRON ULTRASONICS CORP., Plainview, 
L.I., N.Y., has been acquired ( both business and 
assets) by GIANNINI CONTROLS CORP., 
Duarte, Calif.; for stock of Giannini. Subject to 
approval by Powertron stockholders, Giannini 
will issue 1 share of common stock and 1 share of 
convertible preferred stock for each 12 shares of 
Powertron. Giannini will operate Powertron as 
o wholly owned subsidiary. 

RADIATION INC., Melbourne, Fla., has an-
nounced rece,pt of follow-on contracts totaling 
over $600,000 from BELL TELEPHONE LABORA-
TORIES. The contracts are for additional data 
handling equipment for the U.S. Army's Nike. 
Zeus anti•missile missile system, now under de-
velopment. 

POWER DESIGNS INC., Westbury, N.Y., has 
been awarded a $ 100,000 contract by ITT FED-
ERAL LABORATORIES, Nutley, NJ., to provide 
highly reliable power supplies for use in an over-
seas communications network. 

MID-WEST 
MINNEAPOLIS-HONEYWELL REGULATOR CO., 
will transfer its Philadelphia-based RUBICON 
DIV. to the Heiland Div. in Denver, Colo, The 3 
other Honeywell divisions, Brown Instruments, 
Valve and Special Systems will remain in the 
Philadelphia area. 

CONTROL DATA CORP., Minneapolis, Minn., has 
been awarded a $41/2 million contract to manu-
facture classified electronic equipment for the 
U.S. Army Electronic Command, Fort Mead, Md. 
Contract work will be performed at CDC's COM-
PUTER DIV. at Minneapolis and the company's 
SYSTEMS SCIENCES DIV., Beverly Hills, Calif. 

RADIO CORP. OF AMERICA has placed in op-
eration, on an around-the-clock basis, its second 
color television tube manufacturing facility. The 
facility in RCA's Marion, Ind, plant is the sec-
ond major addition within the year to RCA's 
color tube production. It represents a $ 1.7 mil-
lion expansion in facilities. 

OAK MFG. CO., Crystal Lake, Ill., has moved 
all operations of DELTA-F, INC., Geneva, Ill., 
to Oak's main plant in Crystal Lake. Delta- f, 
ocauired by Oak in February of '62, will still 
maintain its separate identity and have its own 
production facilities. 

WEST 
ELECTRADA CORP.'s DATA PRODUCTS DIY., 
Los Angeles, Calif., has received a contract, 
from the Electronics Systems Div. of the U.S. 
Air Force Systems Command, amounting to over 
$140,000 for Electrada's DATACOM systems for 
integration in an intelligence data handling sys-
tem. 

ELECTRALAB PRINTED ELECTRONICS CORP., 
Encinitas, Calif., has been purchased from the 
FARRINGTON MFG. CO., Boston, Mass, by for-
mer employees of the previously wholly owned 
subsidiary of Farrington. Electrolab will continue 
development and production of printed circuits, 
under their new name of ELECTRALAB ELEC-
TRONICS CORP. 

THE GEOTECHNICAL CORP., Garland, Tex., 
has begun construction on a 14,000 sq. ft. addi-
tion to its main plant, to provide additional en-
gineering and manufacturing work space. The 
addition will increase Geotechnical's floor space 
to 95,000 sq. ft. 

R S ELECTRONICS CORP., sub. of PACIFIC IN-
DUSTRIES, INC., Palo Alto, Calif., has been 
awarded a contract by NORTHROP CORP., 
VENTURA DIY., amounting to over $503,000. The 
contract calls for quantity production of com-
mand receivers and autopilots for the KD2R-5 
Target Drone being supplied to the U.S. Navy 
by Northrop-Ventura. 

ESPEY MFG. & ELECTRONICS CORP., Saratoga 
Springs, N.Y., has announced the formation of 
the SARATOGA PACIFIC CORP., Anaheim, Calif. 
Saratoga Pacific will operate as a wholly owned 
subsidiary of Espey, and will operate in a 5,000 
sq. ft. plant in the Anaheim industrial complex, 
designing and manufacturing r-f filters and delay 
lines. 

AMELCO, INC., Mountain View, Calif., has an-
nounced the beginning of construction of a 55,030 
sq. ft. manufacturing and research facility in the 
Mountain View Industrial Park, Stierlin Rd. and 
Bayshore Freeway. Cost is expected to be in 
excess of SI million. 

HYCON MFG. CO., Monrovia, Calif., has an-
nounced receipt of awards totaling approxi-
mately $4.4 million for development and produc-
tion of aerial reconnoissance systems and missile 
test equipment. 

BECKMAN INSTRUMENTS, INC., Richmond, 
Calif., has announced the acquisition of 
STEVENS-EVANS, INC., San Diego, Calif., man-
ufacturer of specialized electronic test and con-
trol instruments. The transaction was completed 
for an undisclosed amount of cash. Stevens- Evans 
will operate as a subsidiary of Beckman. 

ALLIED CHEMICAL CORP., New York, N.Y., 
has announced a new multi- million dollar plant at 
El Segundo, Los Angeles, Calif., for production 
of its "Genetron" fluorinated hydrocarbon re-
frigerants, aerosol propellants, solvents and ure-
than foam blowing agents. The plant will be 
built and operated by the company's GENERAL 
CHEMICAL DIV. 

HEWLETT-PACKARD CO., Palo Alto, Calif., has 
announced plans to convert two of its wholly-
owned subsidiaries, BOONTON RADIO CORP., 
Rockaway Township, N.J. and PALO ALTO EN-
GINEERING CO., Palo Alto, Calif. into divisions 
of the company. The establishment of Boonton 
Radio and PAECO as HP divisions is part of 
the parent company's program of gradually divi-
sionalizing its corporate structure. 

LING-TEMCO-VOUGHT, INC., Dallas, Tex., has 
received a follow-on contract amounting to $442,-
000 from WESTINGHOUSE ELECTRIC CORP., 
ELECTRONICS DIV., Baltimore, Md., for addi-
tional production of a number of large AN/FPS-
27 radar antenna mount assemblies for the USAF. 

ELDORADO ELECTRONICS, Concord, Calif., has 
begun construction of a 22,000 sq. ft. building in 
Concord to provide for expansion of the cam-
pony. 
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Our gas-noise tubes are free from ambient temperature varia-
tions, are durable and dependable, and can be matched to your 
applications. One of our family is missing from this picture. 

He left for Venus with Mariner II. 

FOR ADDITIONAL INFORMATION, WRITE US IN EATONTOWN, NEW JERSEY. 

Red Bank Division T7IEinde 

CORPORATION 
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RELIABILITY.. 
design it into your circuit with 

WIN Bobbin Type Resistors 

HERE'S HOW DALE "BUILDS IN" RELIABILITY II N designing a circuit to include Dale WW Resistors, 
• you get exclusive reliability features available in no 
other bobbin type resistors. Both the termination and 

winding method in the WW Resistor are covered by 
U.S. Patent No. 2,993,186. WW's are precision non-

inductive resistors encapsulated in epoxy to completely 
protect them against tough environments. An addi-
tional benefit is the assurance of INHERENT STA-
BILITY which has resulted from Dale's long experi-
ence in the technology of winding fine resistance wire. 
This experience, linked with Dale's participation in 
the MINUTEMAN High Reliability Component Devel-
opment Program, has provided new levels of achieve-
ment in design and processing of resistors. Add relia-
bility to your circuit by specifying Dale WW Bobbin 
Type Resistors. Available with weldable leads. 

SPECIFICATIONS 
• Meet requirements of MIL-R-93C. characteristic C. • Eight 
physical sizes rated at 0.1, 0.15, 0.2, 0.25, 0.3, 0.5watt. 
• Resistance range from 10 ohms to 1.5 megohms. • Toler-
ance 1% standard. • Operating temperature range -55° C. 
to 145° C. 

le VALUES WON'T SHIFT due to outside mechanical forces. 
New terminal disc prevents breakage of terminating wire and 

changes in resistance due to bending of leads or other outside 
mechanical force. Terminal disc welded to lead and firmly bonded 
to the end of the bobbin. Termination of the last pi winding can be 
made at any point on the periphery of the terminal disc, allowing 
precise calibration and more room for dependable welds. 

IleCOMPLETE SEPARATION of pi windings by patented twin-
disc separators eliminates need for insulating tape to prevent 

shorting. 

*TOTAL PROTECTION against environmental or mechanical 
damage is given by encapsulation in an epoxy material with a 

very high dielectric strength. 

.1>RESISTANCE WIRE is procured to rigid specifications (analysis 
of each melt required). 

MI>COMPLETE WELDED CONSTRUCTION. Welds tested on 
sample basis to destruction. Available with weldable leads. 

COMPLETE TESTING PROGRAM: Resistance check: 100% final; 
complete military specification environmental test on sampling basis. 

Write for Dale Resistor Catalog A 

  DALE ELECTRONICS, INC. COALE ;, 1304 28th Avenue, Columbus, Nebraska 

A subsidiary of THE LIONEL CORPORATION 4 04 ,....,..0"" 
Also Made and Sold by Dale Electronics Canada, Ltd , Toronto, Ontario, Canada 

i'vninr•Itort.r* 
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RESOLUTION 

0.1-nsec Risetime 
with the new Tektronix Type 4.92— 

vertical plug-in unit for the 
Type 661 Sampling Oscilloscope 

"'CIF 361 OSCIllOiCOPE 
.• - • • - 

-iitt"•1; 

4*-

... 

a 

.. .... 

IMO•I 19401• 

Ctsarelet 

tYM 

-1j; ( 

lype 661 Oscilloscope (without plug- ins) . $1150 
Type 5T' Timing Unit 

Jrequ'red to provide time base)   $ 750 
502 Dual-Trace Sampling Units 

(at least 1 eequired): 
Type 4S2 (0.1 - nsec risetime)   $1600 
Type 4S1 (0.35-nsec risetime)   $1430 

Currently available, the general-purpose Type 451 
Unit, with delay lines and internal triggering, permits 
661 operation much like a conventional oscilloscope. 

ProLes: 
Type P6032 Cathode- Follower Plobe   $ 160 
Type P6034 Miniature Passive Probe (10X attenuation) .. $ 35 
Type P6035 Miniature Passive Probe ( 100X attenuation) . $ 35 
Beth miniature passive probes have input capacitance 
of 0.7 pf ±0.1 pf from 1 to 1000 Mc. u Saf,. Pm', 1.o b 

RESOLVES fastest present switching transistor risetimes, in-

cluding commercially available avalanche types (usually limited by the 

transistor or the transistor case). 

RESOLVES most tunnel diode switching times. (Only diodes 

with better than 3 ma/pf are faster.) 

RESOLVES ,tored charge in switching diodes to the 0.01 

region (generally limited by diode capacity 

and turn-on capability). 

RESOLVES system discontinuities as reflectometer with 

Lt.:mimic:tut bppaiation capability ( limited by external pulse generators, 

delay lines, attenuators). 

RESOLVES fractions of a degree of relative phase shift to over 
1 gigacycle frequency with lissajous-mode operation (usually limited by 

harmonic content or residual reflections to a few degrees absolute). 

RESOLVES millivolts of information on top of signals hun-

dreds of millivolts in amplitude (not limited by the usual amplifier over-

load problem). 

Additional Ways You Can Use the 661 

... display repetitive signals on 16 calibrated equivalent sweep rates 

from 1 nsec/cm to 100 µsec/cm, accurate within 3%. Magnifier 

provides display expansion from 2 to 100 times ... time per dot 

remains the same for digital readout. 

... change the probes' signal source without affecting the dot tran-

sient response. 

reduce time jitter and amplitude noise, if needed, on the more 

sensitive vertical ranges and faster sweep rates by means of a 
smoothing control. 

• .. calibrate with amplitude and timing signals available at the front 

panel. 

• .. show lissajous patterns in addition to single and dual-trace dis-

plays and signals added algebraically. 

... drive X-Y plotters or similar readout accessories. 

... drive external equipment, with fast delayed- pulse output. 

.. add plug-in units as they come along. 

Type 4S2 Dual- Trace Sampling Unit— used with 

a Type 5T1 Timing Unit in a Tektronix 661 Oscillo-

scope— makes possible a new degree of time reso-

lution. This new vertical plug-in unit retains most 

features of the general-purpose Type 4S1, except for 

delay lines and internal triggering. 

Type 4S2 is expected to be available during first 

quarter 1963. Keep in touch with your Tektronix Field 

Engineer for latest availability information. 

P. 0. BOX 500 • BEAVERTON, OREGON Mitchell 4-0161 • TVVX-503-291-6805 • Cable* TEKTRONIX. 

Tektronix, Inc./ OVERSEAS DISTRIBUTORS IN 27 COUNTRIES AND HONOLULU, HAWAII. 
Tektromx Fwid Off ces , ire , c,,red in principal cities throughout the United States. Please consult your Telephone Directory. 

Tektronix Canada Ltd: Montreal, Quebec • Toronto ( Willowdale) Ontario • Tektronix International A. G., Terrassenweg 1A, Zug, Switzerland. 

• 

• 
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CTS Loudspeakers—from 3" to 15"—capture the full range of Clear True 

Sound. Thousands of custom variations in all standard E.I.A. and special 

sizes and types constitute the industry's most complete line of loudspeakers. 

Available in Alnico or Ferrites. Competitively priced. Made from all U.S. parts. 

CTS will mass produce loudspeakers to your exact requirements—with the well-

known built-in CTS quality. Its new, highly efficient automated manufacturing 

facility (106,000 sq. ft.) is entirely devoted to loudspeaker production. The CTS 

loudspeaker engineering staff will gladly help you solve unusual application 

problems. 

For detailed information, write for Catalog P-102. 

CTS OF PADUCAH, INC. 1500 No. 8th Street, Paducah, Kentucky 

Founded 

a subsidiary of 

CTC CORPORATION 
•JElkhart, Indiana 

Manufacturer of Electronic Components 

1896 



SNAPSHOTS ... OF THE 
ELECTRONIC INDUSTR 

GLASS PACKAGE 

This 12- lead black- glass enclosure is one of a variety of new 
configurations for integrated circuits and semiconductors. It is 
opaque to visible and infrared radiation. The manufacturer, 

Corning Class Works, Corning, N. Y., reports configurations that 
are now possible include round, square and rectangular shapes, 
with many leads and almost any lead placement. 
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"DESK SET" 

U.S. Navy Tartar solid- fuel guided missile is shown aboard the 
destroyer USS Robizon. Prime contractor for supersonic surface-
to-air missile is General Dynamics/Pomona in Pomona, Calif. 

MULTI-PURPOSE 

Multi- purpose phase monopulse antenna system has a bandwidth of 200 to 2300 MC. Named 
Telscom, the new antenna handles telemetry, surveillance and communications functions. 
Aluminum reflector is about 29 ft. in diameter. Antenna was developed by Radiation Inc. 

INFLATABLE COLLECTOR 

Reflector for solar energy collection to power future space 
craft is under construction at Goodyear Aircraft Corp.'s Arizona 
Div. Ground tests for the unit are set for early this year. 

ANECHOIC TEST RANGE 

Precision range is used for antenna measure-
ments in a range from 1 to 40 GC. Range is 
located at Budd- Stanley Co., Inc , Syosset, N.Y. 

RELIABILITY CHECK 

Dual light modules are checked for relia-
bility before packaging for shipment. They 
are used in an electronic monitoring sys-
tem developed by Martin Co., Baltimore, Md. 
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Analab DUAL-TRACE 
OSCILLOSCOPES 

for shock-tunnel tests on advanced ICBM re-entry systems 
At Avco Corporation's Research and Advanced 
Development Division in Wilmington, Mass., re-
entry conditions are simulated on nose cones for 
ballistic missiles and other aerospace projects. 

In 4-millisecond test time, 24 channels of ex-
tremely low-output temperature and pressure data 
are transmitted from a model in the Mach 15 
flow to a bank of Analab dual-trace oscilloscopes 
triggered simultaneously. 

Simplicity of set-up (aided by Analab scopes' 
trace-tagging beam finder), plus identical high 
amplifier and triggering stability and sensitivity, 
permit all the scopes to be made ready in a small 
fraction of the time required by other scopes. 
Minimum calibration time and minimum d-c drift 
also helped Avco's choice of Analab for this 
demanding service. 

AnniciL, 

Analab, maker of the world's finest oscilloscopes, 
offers a range of main frames and plug-ins ( includ-
ing storage and sampling) to meet your most 
exacting requirements. Call, wire, or write for 
complete technical data. 

One of ifs Analab Type 1120RI700 scopes being used at Avco. 
100 µVern sensitivity and direct-reading null-readout dials permit 
measurements of amplitude, time, and phase to ±2% accuracy. 

INSTRUMENT CORPORATION 

A subsidia -y ol THE JERROLD CORPORATION 

Cedar Grove, New Jersey 
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of MITE® 
STANDARD 

HIGH ALUMINA 
BUSHINGS 

In Over 100 Types and Sizes 

More than 100 sizes of standard Alite 
high voltage terminals, feed-throughs, 
cable end seals and high amperage bush-
ings are stocked for immediate, "off-the-
shelf" delivery to simplify design prob-
lems, save time and help reduce costs. 

One of these standard Alite high alum-
ina ceramic-to-metal hermetic seals may 
be just the answer to your problems of 
reliability and maintenance where serv-
ice conditions are extremely severe or 
critical. 

• Alite hermetic seals — tested for 
vacuum-tightness with a high sensi-
tivity helium mass spectrometer — 
are adaptable to virtually any assem-
bly procedure, such as welding, 
brazing or soldering. 

• Alite's mechanical strength and 
thermal-shock properties far exceed 
those of glass or porcelain. 

• Alite retains its dielectric properties 
at elevated operating temperatures. 

• Ante's smooth, white glaze resists 
build-up of contaminants on surfaces 
— easy to see, easy to clean. 

From ceramic formulation to finished 
part, every manufacturing step is 
handled within our own plant. Strict 
quality control assures absolute adher-
ence to specifications, utmost uniformity 
and reliability. 

When special bushings are called for, 
it is often possible to save time and 
money by modifying one of the stand-
ard units. However, when necessary a 
team (.1. Alite engineers stands ready to 
help ou by designing new bushings. 

ALITE DIVISION 

Write for these free helpful brochures. 
Bulletin A-40R illustrates, describes and 
gives complete specifications of standard 
Alite bushings, both high voltage and 
high amperage. Bulletin A-8 provides 
detailed descriptions of Alite formulations. 
235-H 

BOX 119 ORRVILLE, OHIO 
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There are 101 " VK" Capacitors 
(count them) in our 5" model of the 
U.S. — and there's plenty of room 
for more. On a circuit board, this 
saving in space could be critical. 

X@ ,Micro-miniature 

CERAMIC 
CAPACITORS 

conform to MIL-C-1 1015C/18A/19A 

CK05 and CK06 

Vitramon, Inc. 1962 

VK 30 
case size: 
.3 x .3 x . 1 
thru 10,000 mmf 

too 
ar. 

VK 20 
case size: 
.2 X .2 a .1 
thru 1000 mmf 

• 10-10,000 mmf 

• — 55 C to 150' C 

• 200 VDC rating 

There's no room for space-robbing compo-
nents in today's modules and circuit boards 
. and every part has to "pay its own way." 

"VK" Capacitors not only leave plenty of 
room for other components, but offer a high 
level of reliability to operate compatibly with 
all components in the circuit. 
Designed as general purpose capacitors, they 
are ideally suited for coupling and by-pass 
applications, and exhibit exceptional perform-
ance characteristics. Dissipation Factor is less 
than 1.5% for values through 680 mmf. and 
less than 2.5% for values from 820 mmf. 
through 10,000 mmf. Temperature coefficient 
is -1710% for values through 680 mmf. and 
±-15% for values from 820 mmf. to 10,000 
mmf. 

MIL parts are now available in depth to meet 
your CK requirements. Write for complete 
specifications and performance data. 

Box 544 • Bridgeport 1, Connecticut 

INCORPORATED 
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PLANS FOR SPENDING CUTS DROPPED— 

Defense Dept. plans for budget-cutting have gone 

out the window. Pentagon officials now foresee a 

$2 billion increase in defense spending during the 

new fiscal year. This would mean a defense budget 

of at least $52 billion for the 12-month period start-

ing July 1. Pentagon budget sources now see no 

end to increased defense spending, no matter what 
economy moves are made. There will be new 

crises, new weapons, and new programs which will 

cost more money, they predict. 

MORE RADAR BUYING — The Federal Avia-

tion Agency is getting ready to ask Congress for 

what may be the fattest civilian radar procurement 

program in years. The FAA says it agrees with 

an outspoken report from the Air Traffic Control 

Association, laying the blame for unsafe air travel 

on obsolete radar and radio systems. The report, 

based on suggestions from hundreds of air traffic 

controllers, urges more emphasis on procuring 

radar and radio equipment of proven design; less 

on research for newer "ultimate" systems. The 
ATCA calls for a network of new ASR-4 terminal 

radars ("our best bet in the next decade"). FAA 

points out, however, that Congress holds the purse 

strings and that in recent years, the agency's "fu-

ture requirements were not adequately provided 

for." 

MERGERS WORRY CONGRESS   Changes 

wrought by defense buying and space-age tech-

niques are being blamed by anti-merger forces as 

major reasons for the present "trend toward super-

concentration." These Congressional forces say 

present antitrust laws "have had no visible deter-

rent effect on the (total) merger movement." Con-

gressional reports point out the merger effects of 

defense and space changes. They say: 1. "The 

changing pattern of defense procurement, sub-

ordinating aircraft to missiles, has, in effect, 

brought an inter-industry merger between aircraft 

and electronics." 2. "The revolution in industrial 

techniques, marking the advent of the Space Age, 

has influenced the swashbuckling rise—through 

massive mergers—of some new factors in ranks 

of the top industrial corporations. But the older 

dominant firms have not been idle, themselves 

making significant, selective, and huge mergers. 

"The ranks of large business, as well as small 

business, are under pressure of the unabated trend 

•r un 
toward superconcentration," the reports conclude. 

Moves are now being planned on ways to lessen 

this pressure. 

GOVT. TO EXAMINE PROFITS — The Ken-

nedy Administration is serving notice that an in-

dustry's profit picture will play an important part 

in deciding if it is eligible for relief from exces-
sive volume of imported goods. Commerce Secre-

tary Hodges made this clear recently in disclosing 

that the Government is investigating profits in the 

textile industry in connection with that industry's 

request for government help in its continuing 

struggle against imports. Just what constitutes 

"reasonable profits" has not been defined any-
where in Washington, so the agencies concerned 

(Commerce Dept., Tariff Comm.) are free to make 
arbitrary decisions concerning financial health of 

any given industry. 

EXPORT TRADE BOOSTED — Government 
activities in the export field could mean a number 

of unique incentives to help U.S. firms sell more 

products abroad. Over and above the new freer-

trade bill and other announced programs, the Ad-

ministration is considering special tax, deprecia-

tion, financing, and service incentives for U.S. 
exporters. Tax incentives would be in addition to 

the present investment tax credit and the planned 

income tax cut. Depreciation aid would go beyond 

the recent lengthening of useful lives. Financing 

would go further than the Export-Import Bank 

now goes, and government services to exporters 

would be widely expanded. All of these possible 

incentives would be directed toward exports, and 

not manufacturing in general. But their purpose 
would be to aid the U.S. economy by making us 

more competitive in the world market. 

INDUSTRY FACES $1.52 MINIMUM WAGE— 

Labor Dept. is expected to put into effect a new 

$1.52 an hour minimum wage for the electronic 

equipment industry early this year. Under the 

Walsh-Healey Act the Dept. sets minimum wages 

to be paid on work done under government con-

tracts. Unions had asked for $1.72 an hour; man-

ufacturers, through EIA, had proposed lower re-

gional minimums. Dept. in late November settled 

on $1.52 national minimum. This was subject to 

further comments from management and labor 

within 30 days, but it was expected to be put into 

effect despite any protests. 
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progress in semiconductors 

Just Say EK-low 

Emitter-Coupled Logic Operator, or 
ECLO for short. We introduced ECLO 
in these columns when we announced 
the G-E Functional Component con-
cept using the Planar Epitaxial Pas-
sivated M1 Matrix. Being an interest-
ing subject to us, and a valuable one 
for you, we decided it deserved a little 
more attention. 

G-E has developed PEP emitter-
coupled transistor logic specifically to 
overcome the problems faced in reduc-

ing other logic systems into functional 
component form. We use only resistors 

and NPN transistors in negative logic 
with + 0.7 and + 0.2 volts being the 
"zero" and "one" states respectively. 
Emitter follower gate inputs are used 

to eliminate current hogging problems. 
Fan out is proportional to the beta of 
the transistor elements. As a matter of 

fact, under worst case conditions, fan 
out is hi,./4, with h,. falling approxi-

mately 2 to 1 from 25° to — 55°C. 
ECLO circuits also feature 2 mc speed 
at an average of 10 mw of power, per 
operator, or about ' th the power 

needed by direct-coupled transistor 
logic. 

The half- shift register shown is a 
typical emitter-coupled logic operator. 

More Vital Statistics? 

The individual transistor is, of course, 
an important element of the Matrix. 
First, take a look at its geometry. 

EJ 

EJ 

I ci 

a 

Biel  

A 

Biel B 

EJ 

EJ 
A — EMITTER CONTACT 
B — BASE CONTACT (ANY 5 

SEGMENTS FORMING A 
HORSESHOE SHAPE) 

C — COLLECTOR CONTACT 

And now consider the flexibility. This 
transistor can be used as: ( 1) an NPN 
transistor, by connecting "A" as the 
emitter, "B" as the base, and "C" as 
the collector; ( 2) a low leakage, high 

breakdown diode between "B" and 
"C"; (3) a zener diode (in reverse di-
rection) or reference diode ( in forward 
direction) between "A" and "B"; (4) 
in the event the circuit demands a con-
ductor crossing (and no "flying leads" 
across the surface are permitted), the 
collector of a transistor element may 

be used as a subterranean "transfer-
point" by using the low resistance 

path between any of its "C" contacts. 

Incidentally, in the half-shift, the 

transistor is used both as an inverter 
(in the direct coupled flip-flop) and as 
a gating transistor. 

And to Complete the Story 
. . . we can't ignore the resistor that 
is the other important element of the 
Matrix. (Remember in the last episode 

we told you that there are 1100 tran-
sistors and 4000 resistors on a sil:con 
wafer about an inch in diameter?) 
Here is its geometry. 

E  IE 

E 

E, F, G — RESISTOR CONTACTS 

Connecting from E to F gives R (R=2 
Kohms); from F to GR/2 as re-
quired by the circuit. Also note that 
E to G=11/2 R=3 K. 

Like "EK-low"? Write for "G-E Func-

tional Components MI Matrix," a 12 
page booklet that gives you all the de-
tails. Section 13A141, Semiconductor 
Products Department, General Electric 
Company, Electronics Park, Syracuse, 
New York. 

GENERAL 
ELECTRIC 

DEVICE SIMULATES 

COMPUTER INSTRUCTIONS 

IBM technician John Pollak gets ready for 
automatic testing of IBM 1403 printer. He's 
shown adjusting program tape on the printer. 
Unit at left will automatically direct tes. 
ing procedure. It simulates instructions a 
computer would normally give the printer. 

AUTOMATIC SYSTEM 

TO ANALYZE JET ENGINES 

The Air Force has ordered a quan-

tity of airborne instrument systems 

from Howell Instruments, Inc., Fort 

Worth, Tex. 

This is the first order for Howell's 

new Aero-Jetcal—an automatic system 

to analye jet engines in flight. The 

Air Force will place the systems on 
first-line combat aircraft. 

The system is a "monitor" of jet en-

gine condition. It continuously checks 

the average temperature and spread of 

temperature in each jet engine, and 

records damage to the engine due to 

excessive temperature. It continuously 

indicates a number called a "hot sec-
tion factor" for each engine,. A quick 

look at this reading tells the flight or 
ground crewman how much longer the 

engine may be operated. 

COMPUTER FOR MANNED 

SPACE FLIGHT TO IBM 

ASA has Jelccted IBM for ne-
gotiations to provide the groundbased 

computer "brains" for manned space 
flight missions. The complex will be 

part of the Integrated Mission Control 

Center at NASA's Manned Spacecraft 
Center, Houston, Tex. 

The IMCC will control Gemini and 

Apollo flight operations just as the 

Mercury Control Center, Cape Canav-

eral, Fla., is the control center for 
Project Mercury flights. 

The ¡MCC computer complex is 

planned to be operational in 1964 for 

Gemini rendezvous flights. Initial 
tasks under this contract, which in-

clude planning and program prepara-

tion, will cost about $1 million. 

More News On Page 37 
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SOLID- STATE 

Investigate 

IN 

Men of vision thrive here. And it takes men of vision to 
cope with today's electronics and space problems. Space 
in more ways than just up. Space problems of a different 
nature plague the manufacturer who must expand, but 
hasn't the land to expand on. 

Here in Florida we have the space, the climate, the 
work force. Florida has more to offer electronics firms 
than any other area on earth. Men think better where 
life is pleasant, where off hours can be devoted to just 
plain living—and to just plain thinking. 

Yes, Florida is a Solid State in Electronics. Already 
the sun, Mother of Life, shines on over sixty thriving 
electronics firms in our busy state. 

Cape Canaveral is here, too, with its massive, awesome 
missiles blasting off to make space history. Electronics 
makes possible every thrust into the universe. Every hope 
of getting to the moon depends upon electronics—and 
the first American to the moon will definitely soar to 
history from Florida. 

Engineers and their families dream of living here 
in Florida. Give them this dream by moving your plant 
here. Nurture the brains that will give your business a 
greater and greater stature in this, the Electronics Age. 

For complete details of the many advantages Florida 
offers the Electronics Industry, write us. Let us tell 
you why some of the greatest names in electronics have 
impressive plants here in Florida. 

_ear 

der 
ar.fe. 

FLORIDA'S ASSURANCE POLICY 
"You have my personal assurance of a sunny business climate here in Florida. You 
have positive assurance of every aid and assistance possible from our Florida 
Development Commission and from the overwhelming majority of our businessmen, 
industrialists, and financiers. We have everything to make your large or small 
enterprise healthy and successful. Write, wire, or phone us TODAY. The only 
thing better than a FLORIDA vacation is having your plant here." 

...A 10 BILLION DOLLAR MARKET 
Ask about free 
film "Profile 
of Progress" 
FLORIDA FOR 

CONVENTIONS— 

Write for free 
information on 
Florida's wonderful 
facilities for your 
group meeting. 

FARRIS BRYANT 
Governor 

... 
Mr. Wendell Jarrard, Chairman Name  
FLORIDA DEVELOPMENT COMMISSION 
Box 4221C • Tallahassee, Florida 

Firm Name  
Please send me brochure, "Why Your New Plant 
Should Be Located In Florida," containing the 
facts about FLORIDA's opportunities for New Address  
Industry, the 10 BILLION DOLLAR CON-
SUMER MARKET, Labor, Climate, Schools, 
Natural Resources, Favorable Tax Structure. City Zone State.......— 
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There are rio "weak-ends" in Avriet's 

delivery of l3eridix Connectors. 

Your local Avnet headquarters supplements Bendix Scintilla by serving your 

emergency and prototype Connector requirements quickly and flexibly. Take 

advantage of Avnet's on-time delivery for your needs of Bendix Pygmy types 

PT and SP and other special types; Pygmy crimp types PTCE and PISE; MS, 

MS- E, MS- R, QWLD, SR rack & panel. 

A call to your local Avnet stocking facility will prove that you needn't have "weak-

ends" in your delivery of Bendix Connectors. 

BENDIX 

AV N E T 

UT T 

AVNE TAVNET ELECTRONICS CORP. 
THE AVNET SYSTEM 

Men/ Methods/ Materials/ Management LOS ANGELES, CAL., 213 UP 0-6141; SUNNYVALE, CAL., 408 RE 6.0300; SEATTLE, WASH., 206 GL 4-4911; PHOENIX, ARIZ., 602.273.1261; SALT LAKE CITY, UTAH, 801-487-7566; CHICAGO, ILL., 312 M. 5.8160; WESTBURY, L. I., N. Y., 516 ED 3.5800; BURLINGTON, MASS., 617 BR 2-3060. 
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IT'S WHAT'S 

UP FRONT 

THAT COUNTS 

• improved appearance 

• greater strength 

• higher reliability 

\A/ 
I M46%.1%'ilt 

R. F. BULKHEAD RECEPTACLE 

Obvious features— from every angle— are built into 
the rew ConheX Recessed Sub- miniature RF Bulkhead 
Receptacle. Engagement is recessed behind the panel— 

safe from bangs and knocks. Eliminates mismatches 
caused by distortion, stops skinned knuckles resulting 
from sharp protruding connectors. Improves appear-
ance, and permits the use of sub- miniature coaxial cables. 

The modern way to run RF connections through a 

panel or chassis in instruments, communications gear, 
or aircraft equipment. Modernize your design now ... 

write for complete details. 

CORPORATION 

139 HOY - STREET • MAMARONECK. N. Y 

PAT. PENDING 

LOOK 
AT 
THE 

DIFFERENCE 

FEATURING 

50- or 75-ohm impedance. 

Precision machined from solid brass stock, .0001" 
gold plated. 

Virgin Teflon insulated. 

Mates with all standard ConheX plugs of same 
impedance, either Slide-On, or Snap-On. 

ConheX—the complete sub-miniature ri. connector line 

The quality line for connecting sub-miniature coaxial cables. 
Available in Clamp-On or Crimp-On; Screw-On, Snap-On or 
Slide-On. Wide choice of plugs, jacks, bulkhead hardware, 
tees, adaptors and other items. Every type made to the 
highest mechanical and electrical specifications in the in-
dustry. Be sure yu have the complete ConheX catalog ... 

-PRESS-FIT" TEFLON TERMINALS/"CONHEX" SUBMINIATURE RF CONNECTORS/"SEALECTOBOARD" PROGRAM BOARDS 
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frequency sweeps more than 

300 MC WIDE 
KAY AlmIti-Sweep 121—A, VIDEO-UHF 

ALL ELECTRONIC 
SPECIFICATIONS 

UHF Frequency Range: 180 to 1100 mc 

Typical Sweep Width: 700 to 1100 mc, 
500 to 750 mc, 180 to 220 mc 

Output: .5 V rms terminated 

Impedance: 50 ohms 

Flatness: -4- .25 db 

Harmonic Distortion: better than 30 db down 

VHF Frequency Range: 500 kc to 300 mc 

Sweep Width: 500 kc to 300 mc 

Output: .5 V rms terminated 

Harmonic Distortion: better than 30 db down 

Spurious: better than 30 db down 

Impedance: 50 ohms 

Flatness: + .25 db 

Dimensions: 193/8" wide x 107/8" high 
x 161/2 " deep 

Weight: 50 lbs. 

Price: $1595.00 FOB Pine Brook, N. J. 
$1755.00 FAS N. Y. 

• No mechanical instability and breakdowns 
• Sturdy, "undoctored" components 
• Same high RF level at all frequencies 
• Clean VHF output 
• Provision for external high & low rep rate 
• Provision for external frequency markers 

Multi-Sweep 121-A is a wide band sweeping oscillator using all elec-
tronic circuits to achieve stable swept frequency outputs. It makes 
use of fundamental and beat frequency oscillator techniques to pro-
vide effective frequency coverage in a 300 megacycle wide display. 
Both center frequency and sweep width are continuously variable. 
To eliminate phasing adjustment a sawtooth voltage, synchronized 
with the swept output is available to drive the x-axis amplifiers in 
the oscilloscope. 

The 121-A generates a high level of output over its entire frequency 
range with a fast acting AGC circuit holding the output constant 
under all conditions. 

The use of all electronic sweep driving and sweep modulating 
signals provides for maximum reliability and stability of operation at 
both wide and narrow frequency sweeps. 

Write for complete catalog information 

KAY ELECTRIC COMPANY 
DEPT. El-I MAPLE AVENUE • PINE BROOK, MORRIS COUNTY, N. J. CApital 6-4000 

0.5 TO 1100 MC RANGE 
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LM 1071N 
CITIZENS BAND RADIO has grown 
from slightly over 40,000 station li-
censees to approximately 350,000. The 
FCC is concerned over rule violations, 
and is proposing to make some 
changes in the regulations. Of the 23 
frequencies now available to class D 
stations, only five would be available 
for inter-station communications. The 
FCC also wants to obtain a clearer 
picture of the relationship or respon-
sibility between the station licensee 
and the operator of the equipment. 
Each person operating the equipment 
would be required to have his own 
station license unless an exception is 
clearly warranted. This would apply 
to employees of the licensee or mem-
bers of his immediate household. 

AUTOMATED MARTINIS at a 
press of a button now come in both 
110 volt and 200 volt models. Autobar 
Systems, a division of Ametek, Inc., 
manufactures the electromechanical 
"cocktailmatic" in two models for 
European or U.S. use. Company 
spokesman said, however, "The jolt-
age in an automated dry martini is the 
same the world over." 

THE ROLE OF MAN in the United 
States "Aerospace force of the future" is 
being studied by Ford's Aeronutronic 
Div., under a contract from USAF. A 
one-year study will define the tasks 
and skills to be required by members 
of tomorrow's aerospace crews. It is 
being mentioned in the industry that 
future spacecraft operation will de-
mand highly technical skill, rather than 
flying ability. Early studies in the Ford 
program will be devoted to tasks and 
skills which individual space crew 
members and some members of ground 
operated teams will have to perform. 

MINIATURE ELECTROCARDIO-
GRAPHS are being developed for the 
Air Force to check out space pilots 
while in flight. The units measure only 
8 in. x 3 in. x 1 in. and weigh but 14 
oz. They combine a signal conditioning 
unit and a transmitter. The package is 
easily worn inside the pressure suit and 
is free of outside connections. How-
ever, an amplifier in the cockpit relays 
the information to the receivers on the 
ground. The unit was developed by 
Hughes Aircraft Co. In actual use, the 
heart beat is picked up by a tiny sensor, 
and the beat is sent to a conditioning 
unit. There it is translated into FM fre-
quency. Transmitted to the ground, 
the signal is changed back into a heart 
beat and recorded as a jagged line on 
the electrocardiogram tape. 

41M 

calas:trophoetia* 
Even though you have designed your circuit carefully, so as not 
to over-voltage or over-wattage resistors, you may still 
experience resistor failure. This catastrophic failure 
can be due to effects of the lateral electrostatic field 
when this field exceeds 10kV. So stop amd ponder these 
facts: Victoreen RX3HV encapsulated resistors meet 
requirements of operation at more than 10kV 
above ground, such as use as a series 
filter cr a bleeder string in HV power 
supplies. Stable and long lasting even 
in hostile environments, RX3HV resistors 
are available in values to 200 Meg 
with power rating to 2 watts. 
Specify Victoreen RX3HV 
resistors for circuits involving 
10kV or more. Check our 
Applications Engineering 
Department for details. 

*Fear of Catastrophic Failure 

Ht. 
A.C. 

7235 REGULATOR 

gUte, 
RX3HV 

.••••••• 

•••••••••• 

RUSHY RUSHY 

PULSE 
6642  II> 
OR OLvPuT 

PULSE INPUT_, 7 3  

VICTOREEN 
THE VICTOREEN INSTRUMENT COMPANY 

5806 HOUGH AVE. • CLEVELAND 3, OHIO 

81I6A 
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REVEALED... 

NEW FORCED AIR 
SEMICONDUCTOR COOLER 

IERC's Staggered Finger Design of the 
F-600 Gives These Advanced Features: 

'AT. PENDING 

• MORE WATTS PER POUND 

• MORE EFFECTIVE USE OF FAN OUTPUT 

ligt* - 
\ • EFFICIENT WITH MOST AVAILABLE FAN 
\ TYPES 

• MODULAR CONSTRUCTION 

• ELECTRICALLY COMMON OR ISOLA/ED 

, • -,MODULES 

• EASY COMPONENT ACCESSIBILITY 

One of the major advancements in convector desigi introduced by 

IERC has been the staggered finger configuration. Intentionally 

induced air flow turbulence and increased convection rate of tais 
design gives more effective use of fan output and greatly reduces 

mass requirements. As a result, the F-600 is superior in cooling 
efficiency, yet 50% 1ighter than comparable assemblies. 

We invite your evaluation of the new F-600. Let us send you 
test results and complete technical data. W-ite on company 
letterhead to: 

IERC ED 0 8 O El CD, EN1 

translstor heat-dissipating devices 

INTERNATIONAL ELECTRONIC RESEARCH CORIPORATION 
135 West Magnolia Boulevard, Burbank, California • Victoria 9-2481 
Fori,gn Manufacture's: Europe!pc,. Paris. France. Garra,a Mfg & Eng Co., Ltd., tIerindon, England 

ANSWERING THE QUESTION 
why the lion's share of government 
R&D contracts are going to California. 
New York, and Massachusetts, Secre-
tary of Defense MacNamara pointed 
out, "Of the 43 American Nobel prize 
winners in the sciences, 17 live in 
California, 11 in New York, and 5 in 
Massachusetts. That makes 33. The 
other 47 states, put together, have 10. 

DOES LIFE EXIST on other plan-
ets? In the absence of any tangible 
proof, the mathematicians are now 
coming up with the answer "probably." 
Dr. M. L. Stehsel, of the Advanced 
Research Dept. of Aerojet General 
points out that our solar system—the 
sun, earth and eight known planets—is 
just one of perhaps a billion such solar 
systems in our galaxy. But beyond that 
are billions of other galaxies, each with 
its billions of solar systems. Astron-
omers and mathematicians now esti-
mate that 6% of the planets in these 
multi-billions could accommodate in-
telligent life such as ours. 

AN INFRARED OPTOMETER has 
been developed under Air Force con-
tract which is reportedly "superior in 
performance to any known similar ap-
paratus in stability, linearity, speed of 
response, sensitivity, and ease of align-
ment." The optometer was developed 
out of a study of accommodation and 
convergence in the human eye, another 
of the many studies being undertaken 
in the field of bionics. 

AGAIN—ON SMOKING. Scientists 
have found that the body fluids of 
smokers contain a substance which is 
nearly absent in the body fluids of 
non-smokers. Trace amounts of ace-
tonitrile (methyl cyanide) appeared 
consistently in concentrations propor-
tional to the number of cigarettes 
smoked. 

MAMMOTH MICROFILMING 
project for NASA has been undertaken 
by Recordak Corp., a subsidiary of the 
Eastman Kodak Co. The project in-
volves the microfilming of more than 
a million and a half NASA library 
index cards at the rate of 200 per 
minute. The cards were filmed in about 
four weeks. 

ELECTRONIC PRODUCTS that 
were shown at the Pakistan Interna-
tional Fair, Karachi included displays 
of microwave equipment, gyroscopes, 
and induction heating equipment. 

42 Circle 30 on Inquiry Ccrd ELECTRONIC INDUSTRIES • January 1963 



a 

GREAT NAMES 

GET TOGETHER... 

something good is bound to happen ... like the 
introduction of Sorensen's QB Series transistorized 
low- voltage dc power supplies. 

This great- name firm wanted to deliver the best. They 
used the best: Clarostat Series 43 2- watt wire-wound 
potentiometers. 

Clarostat Series 43 pot was a natural selection. Long a 
favorite of industrial equipment manufacturers, the Series 
43 offers a wide variety of mounts, terminals and 
shaft configurations. Available in resistance tolerances of 
It. 10% or closer from 1 to 50K ohms, the Series 43 
is designed to do its job . . . and then some! It is an 
obvious choice of great- name manufacturers who will not 
compromise with quality. 

Sorensen, a unit of Raytheon Company, wanted — and 
got — the finest ... Clarostat. If you're a great name (or 
would like to be one) contact Clarostat ... today. 

CLAROSTAT MFG. CO., INC. DOVER, NEW HAMPSHIRE 
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SPERRY 
NPN/PNP 
ADVANCED 

SILICON PLANAR 
TRANSISTORS 

e THE ONLY PNP/NPN MATCHING SPECS 
Less than 2 to 1 beta ranges 
with tight parameter control eit) 

e LOW LEAKAGE 
Typical Leo 0.1 nA (à., 80 volts 

e HIGH BREAKDOWN VOLTAGE 
Typical BV 100 volts 
Typical BV 125 volts 

• HIGH FREQUENCY 
Typical f- 200 Mc 

74id 
LOW LEVEL COMPLEMENTARY TYPES FEATURING: 

• LOW CURRENT BETA • LOW NOISE 
Typical 50 (ct 10A Typical 2db 

complementary! 

sP[1111Y 
SEMICONDUCTOR 

DIVISION OF SPERRY RAND CORPORATION 
NORWALK, CONNECTICUT • Victor 7-3851 

SEMICONDUCTOR INTEGRATED 

NETWORKS ( SEMI- NETS*), ALLOY 

SILICON TRANSISTORS AND DIODES 

SALES OFFICES: 

CHICAGO. ILLINOIS: LOS ANGELES CALIFORNIA. 

OAKLAND. NEW JERSEY. MEDFORD. MASSACHUSETTS: 

SYKESVILLE. MARYLAND: BETHPAGE. L. I . NEW YORK 

SEMICONDUCTOR OPPORTUNITIES ' Trade Mark, 
AVAI  TO QUALIFIED ENGINEERS Sperry Rand Corporation 

See your SPERRY Authorized Distributor or contact our 
Norwalk office for information on the following types: 

SPERRY IMPROVED 
NPN PLANAR TYPES 

SPERRY PNP 
COMPLEMENTARY TYPES 

IN TO-18 CASE IN TO-46 CASE IN TO-46 CASE 

2N2463 2N2459 2N2590 
2N2464 2N2460 2N2591 
2N2465 2N2461 2N2592 
2N2466 2N2462 2N2593 

2N929A 2N2523 2N2604 
2N930A 2N2524 2N2605 

2N739A 2N2518 2N2599 
2N740A 2N2519 2N2600 

2N735A 2N2515 2N2596 
2N736B 2N2516 2N2597 

2N758B 2N2520 2N2601 
2N759B 2N2521 2N2602 
2N760B 2N2522 2N2603 
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Japan Soon May Make 

All Computers It Needs 

Japan, which has received all of its 

computer imports from the U. S. in the 

past, will soon be supplying all it needs 

and exporting some besides, states the 

Japanese Machinery Exporters Asso-

ciation. 
The Japanese Government and In-

dustry are combining in research pro-

grams to improve the quantity and 

quality of Japanese computers. 

Example: A $278,000 Government 

subsidy program to develop large-size, 

domestically manufactured computers. 

The program is being jointly con-

ducted by Nippon Electric, Fuji Tsu-

shinki and Oki Denki. 

Example: The Japanese Electronic 

Industry Development Association is 

conducting a Government - sponsored 

study on business applications of do-

mestic computers. 

Up to now, 188 computers, all made 

in the U. S., have been imported into 

Japan. Western Europe supplied none. 

The U. S. suppliers and amounts sup-

plied were: IBM, 104; Remington 

Rand, 42; Burroughs, 13; National 

Cash Register, 10, and other U. S. 

companies, 19. 

But the emphasis is shifting. Seven 

Japanese electronic firms already pro-
(continued on page 46) 

UTIIM ram 

EUROPE 
London—Closed-circuit system of 16 

27-in. TV receivers and 4 cameras sup-
plied by Pye Telecommunications, 
Ltd., of Cambridge, helps passengers 
at recently completed Manchester 
England, air terminal obtain latest 
flight information. 

Bern—Epoxy Products Div., Joseph 
Waldman & Sons, Irvington, N. J., 
has signed a 10-year manufacturing 
and marketing agreement with CIBA, 
Ltd., Basle, Switzerland. Under it 
CIBA will make and sell in Europe 
Epoxy Products lines of encapsulating 
systems, cups and pellets for electronic 
components. 

Dublin — An electronic components 
plant has been opened by Raytheon 
Co. in the duty-free industrial complex 
near Shannon International Airport. 
The plant will eventually occupy 50,-
000 sq. ft. of space, employ 500. It 
will make components for free-world 
markets. 

The Hague—N. V. Emba Agencies, 
of Rotterdam, has signed an agreement 
with Lockheed Electronics Co., Plain-
field, N. J., to distribute the Lockheed 
computing oil register in Europe. This 
mechanical computer-register, mounted 
on a fuel truck meter, automatically 
prints a complete invoice when a fuel 
oil delivery is completed. 

London—Dr. Alfred N. Goldsmith, 
noted scientist, engineer and inventor 

ELECTRON!C TELEPHONE EXCHANGE 
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All- electronic tele-
phone exchange be-
ing tested here is 
now in operation in 
Highgate Wood, 
London. Five com-
panies cooperated 
with British P. 0. in 
six- year development 
of exchange. They 
are: Associated Elec-
trical Industries, 
Ltd.; Automatic Tel-
ephone & Electric 
Co., Ltd.; Ericsson 
Telephones, Ltd.; 
The General Electric 
Co., and Standard 
Telephones & Ca-
bles, Ltd. 

JADANESE F- 104J TRAINER 

Lt. Col. E. Murai, of japan Self Defense AF 
III, and Mr. Susumo Sato, of Mitsubishi Mfg. 
Ca., try out Link F- 104j Flight Simulator 
during acceptance tests at General Precision 
Link Div. plant at Binghamton, N. Y. F-1041 
Simulator is first of two to be delivered 
to Japan Defense Agency to train jet pilots. 

and Honorary Vice President of RCA, 

has been elected a Benjamin Franklin 
Fellow of the Royal Society of Arts, 

of England. The fellowship commemo-
rates the fact that Franklin was one of 
the society's most active early mem-

bers. 

Paris—S. E. V. Motorola, S. A., a 
company to make electronic alterna-
tors for European cars and trucks, 

has been formed by Motorola, Inc., 
and Societie Anonyme Pour L'Equip-
ment Electrique Des Vehicules, of 
France. Alternators and regulators 
are already being produced at the 
newly constructed Blois facilities. 

Rome—Carrier Corp., Syracuse, N. 
Y., and Pirelli s. p. a., Milano, Italy, 
have agreed to form an Italian com-
pany, S. P. Elettronica S. p. A The 
firm will manufacture linear precision 
potentiometers and trimming potenti-
ometers under the trademark "Spec-
trol," owned by Spectrol Electronics 

Corp., a Carrier subsidiary. 

ASIA 
Tokyo—Fujikura Cable Works, Ltd., 

has been licensed by Resources & Fa-
cilities Corp., New York City, to use 
its process for die-stamping electrical 
circuits. Fujikura is one of the largest 
producers of cable and electrical com-
ponents in the Far East. 

(continued on page 46) 
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&lee« lt,ee,o14 „ , 
we can either modify standard 

units or create new trimmer 
designs. It all depends 
on what best suits your 

specific applications. 

you can solder 
directly to the 
solid metal 
electrode 
bands of 

ROANWELL 
PISTON TRIMMER 
CAPACITORS 

There's improved reliability in Roanwell 
piston capacitors — improved stability, 
linearity, accuracy, ruggedness — because 
of its new construction approach. 
Its design features . . . 

solid brass, gold plated, electrode bands: 

• Permits soldering directly to metal electrode 
band with no effect on capacitance. 

• Ideal for high frequency application. 

• Eliminates built-in stresses since there is 
no firing process of silver to glass. 

• Unit becomes inherently more rugged 
since solid brass bands act as main 
support for the dielectric. 

new drive mechanism (pat. applied for): 

• Eliminates gold flaking. 

• More uniform torque. 

• Backlash eliminated radially and 
transversally. 

more capacitance per size: 

• Because both I.D. and 0.D. of dielectric 
are controlled. 

will meet or exceed applicable 
requirements of spec. MIL-C- 14409A. 

Write for catalog El- 1 

ROANWELL CORPORATION 
ELCOM DEPARTMENT 
ROANWELL BUILDING 

180 VARICK STREET, NEW YORK 14, NEW YORK 

TEL (212) YUKON 9-1090 • TWX: (212) 640-4791 

IllrIMFKM11 
muge 

Tokyo—Japan's Ministry of Posts 

and Telecommunications and NASA 
will cooperate in testing NASA-launch-
ed communications satellites under a 
recently signed agreement. Japan, a 
U. S. partner in several recent space 
explorations, will supply a ground sat-

ellite communications station. Japan 
will be able to use the satellites for 

local and joint experiments. 

Tokyo—Education using tape re-
corders has become more and more 
popular in Japan. The Ministry of 
Education reports that 74.7% of public 
primary schools and 78.8% of public 
junior high schools now own tape 
recorders. 

NORTH AMERICA 

Washington—Otto Poeschl and his 
firm, Arga Warenhandelsgesellschaft, 
of Vienna, Austria, have temporarily 

been denied U. S. export privileges. 
The Dept. of Commerce is investigat-

ing reports the firm unlawfully dis-
posed of strategic U. S. electronic 
equipment to Soviet bloc countries. 

Washington—Isaac L. Auerbach, 
American Federation of Information 
Processing Societies representative to 
I FIP, has been re-elected to a second 
three-year term as President of the 
International Federation for Informa-
tion Processing ( IFIP). 

Ottawa—Canadian Aviation Elec-
tronics, Ltd., Montreal, Que., has 
bought a majority interest in North-
west Industries, Ltd., Edmonton, Alb. 
Northwest Industries is one of Can-
ada's largest aircraft maintenance 
firms. It also owns B. C. Airlines, 
Ltd. 

Japanese Computers 

(continued from page 45) 

duce several computer models each. 

These are: Fuji Tsushinki, Oki Denki, 

Hitachi, Tokyo Shibaura, Matsushita, 

Mitsubishi Electric and Nippon Elec-

tric. 

These firms are conducting most of 

Japan's current computer research 

programs. They are trying to improve 

input and output devices, accelerate 

calculation rates and improve accu-

racy. 

JMEA officials believe Japan will 

soon be able to meet its own needs for 

medium-sized computers. Then, they 

predict, Japan will forge ahead into 

the export market. 

I 
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ZEN ODES 
TRANSITRON'S BROAD LINE OF STANDARD SUBMINIATURE GLASS ZENER DIODES 

GIVES YOU THE COMPLETE RELIABILITY THAT 99 CIRCUITS IN 100 DEMAND. 

TRANSITRON'S ULTRA- RELIABLE DIODE — THE CERTIFIED VOLTAGE REFERENC:E — 

DELIVERS THE GUARANTEED STABILITY THAT ONLY 1 CIRCUIT IN 100 DEMANDS. 

1111111 mffil 
‘•0 

The CVR demonstrates a high level of manufacturing competence. It is individually power- aged, temperature-

cycled and documented for more than 1,000 hours, demonstrated to provide voltage staoility to within 0.000124 

volts; serially registered; and currently available in production quantities. 

The CVR is but one example of Transitron's capacity to satisfy a wide range of diode requirements. Made on the 

same production line that makes all Transitron voltage references, it reflects a research- to- production experience 

that further improves hundreds of other high- quality Transitron subminiature glass zener diodes. 

Ii WIIi$111 

Transitron's standard line of regulators and references spans a wide range of voltage, tolerance, power and 

package requirements. Subminiature glass, micro- miniature glass with an hermetic seal, and high power dissipation 

types, up to 10 watts, in appropriate standard packages, are all in continuous volume production. All types — in-

cluding military — are tested and rated in accordance with appropriate MIL specifications. 

Popular subminiature glass series available through your Transitron Distributor include 1N761- 1N769, 1N702(A)-

1N725(A), 1N821- 1N829 and 1N3501- 1N3504 (CVR), all with power 

ratings of 250 mW. Also available, 1N746(A)-1N759(A) series with 

a power rating of 400 mW. For complete listing, write for An Alpha-

Numerical Guide to Transitron Silicon Zener Diodes. 

Tro nOtron 
electronic corporation 
wakefield, melrose, boston, mass. 

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U. S. A. AND EUROPE • CABLE ADDRESS: TRELCO 



NOW! Low-cost protection for high-priced circuitry! 

Using IR Klip-Sels as protective devices you can 
now reduce the Peak Reverse Voltage ratings of the 
specified silicon rectifiers (and/or silicon controlled 
rectifiers) thus increasing circuit reliability while 
decreasing the cost! 

IR STANDARD KLIP-SELS' NOW AVAILABLE OFF-THE-SHELF. 
SPECIAL ASSEMBLIES DESIGNED FOR PARTICULAR NEEDS. 

CARTRIDGE TYPES 

IR TYPE 
NUMBER 

MAX. RMS TYPICAL CURRENT AT 
OPERATING CLAMPING CLAMP.VOLTAGE 
VOLTAGE VOLTAGE* (AMP. PEAK) 

KY1DPF 26 63 0.25 
KY2DPF 52 125 0.25 
KY5DPF 130 310 0.25 
KY6DPF 156 375 0.25 
KY1ODPF 260 625 0.25 
KZ1DPF 26 63 1.0 
KZ2DPF 52 125 1.0 
KZ5DPF 130 310 1.0 
KZ6DPF 156 375 1.0 
KZ9DBF 234 565 1.0 
KZ1ODBF 260 625 1.0 
KZ14DBF 364 890 1.0 

STACK TYPES 

KA1DAF 26 63 3.0 
KA2DAF 52 125 3.0 
KA5DAF 130 310 3.0 
KA6DBF 156 375 3.0 
KA8DBF 208 500 3.0 
KA9DAF 234 565 3.0 
KA1ODBF 260 625 3.0 
KA14DAF 364 890 3.0 
KL1DAF 26 63 15.0 
KL2DAF 52 125 15.0 
KL5DAF 130 310 15.0 
KL6DBF 156 375 15.0 
KL8DBF 208 500 15.0 
KL1ODBF 260 625 15.0 

•PRV rating of rectifiers being protected must be greater 
than the clamping voltage to obtain optimum protection. 

Simplify your circuit 
protection design...use In's new 

`1<i_lipszLizorroP.;* 
Transient Voltage Protection Substitute Selector 

This unique instrument substantially reduces 
engineering and specification time. Simple dial-
ing selects the proper voltage. Values calibrated 
in 26 volt step-ups...20 possible positions. Easy-
to-use input and output jacks. 

Contact your local IR representative to obtain this novel 
instrument and assistance with your voltage surge protec-
tion problems. *A trademark of IR 

INTERNATIONAL RECTIFIER CORPORATION: EL SEGUNDO, CALIFORNIA • PHONE OREGON 8-6281 

5-, •••8 ,6. cF ... 5,6r0NouttoRs 

International 
Rectifier 
Selenium 
`KLIP-SEI1 
Transient Voltage Suppressors 

xt ee 

INTERNATIONAL 
RECTIFIER 

CABLE RECTUSA • REGIONAL OFFICES IN NEW YORK CITY, CHICKERING 4-0748 • FORT LEE. NEW JERSEY, WINDSOR 7-3311 

SYRACUSE, NEW YORK, HEMPSTEAD 7-8495 • CAMBRIDGE, MASSACHUSETTS, UNIVERSITY 4 6520 • ARDMORE. PENNSYLVANIA. MIDWAY 9 1478 SILVER SPRING. MARYLAND, JUNIPER 9.3305 • CHICAGO. ILLINOIS, JUNIPER 3-3085 

HUNTINGTON WOODS, MICHIGAN, LINCOLN 8-1144 • ST. LOUIS. MISSOURI, TEMPLE 8-6333 • LOS ANGELES, CALIFORNIA. OREGON 8 6281 • IN CANADA TORONTO, ONTARIO. PLYMOUTH 9.7581 • MONTREAL. QUEBEC, VICTORIA 9-3571 

INTERNATIONAL RECTIFIER PRODUCTS ARE LOCALLY STOCKED IN QUANTITIES FOR IMMEDIATE DELIVERY AT 85 NATIONWIDE AUTHORIZED INDUSTRIAL DISTRIBUTOR WAREHOUSES 
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CONVENTIONAL ULTRA-REIJABILITY TEST I X-L RELIABILITY TEST 

PROVEN OVER 10 MILLION UNIT— HOURS OF MAJOR PROGRAM EXPERIENCE 

How low-cost Raytheon X-L Reliability Program 
cuts "hidden" semiconductor failures by 10:1 

Many transistors and diodes good enough to pass 
today's reliability tests can still drift out of spec 

limits and fail tomorrow. Now, for the first time, 
Raytheon's X-L reliability technique can detect these 
future drifters before they fail — at exceptionally 
low cost. Result: a reduction in failure rate of as 
much as 10:1 over conventional ultra-reliability 

levels — 100:1 over Military Specifications. 

To qualify for X-L certification, devices must first 

pass the rugged requirements of the Raytheon 
MARK X and MARK XII reliability programs. 

Then, each semiconductor is carefully measured — 
electrically exercised for 100 hours — and measured 
again for changes in characteristics. A parameter 
change of as little as 2 nanoamps can cause rejec-
tion — even though the device is still within initial 
spec limits. Potential failures, which would have 
passed conventional electrical tests, are eliminated. 

These low-cost, "tight yardstick" benefits of X-L 
certification are a direct result of proprietary tech-
niques and specialized equipment developed at 
Raytheon and proven over 10 million unit-hours of 

major program experience. 

When your equipment or system requires this 
kind of semiconductor reliability — without the high 
cost of circuit redundancy — please contact your 

nearest Raytheon Field Office for full information or 
write Semiconductor Division, Lowell, Massachusetts. 
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Resistors? 

STACKPOLE matches every requirement 
If you have a burning yearning for improved resistor 
dependability coupled with on-time deliveries, here's 
a hot tip: 

In Performance Stackpole Coldite 70+ fixed com-
position resistors go well beyond MIL-R-11 require-
ments—with added dividends in load life, moisture 
resistance and humidity characteristics. For extra 
reliability, their carbon resistance elements and outer 
insulating shells are cold-molded of similar materials. 
These are formed by a new process into a solid, 
homogeneous structure that remains free from cata-

strophic failure or erratic changes in resistance in 
severe environments. 

In Production Stackpole Coldite 70+ Resistors re-

Electronic Components Division 

STACKPOLE CARBON COMPANY 
St. Marys, Penna. 

main one of the easiest components to solder either by 
dip or iron. They're the only resistors having leads 

that are solder dipped—not once, but twice—in addi-

tion to the usual tin coating. That's why leads stay 

smooth and tarnish free even after months in storage. 

In Appearance it's hard to match their smooth, 

glossy finish and uniform, easily-read color codes. 

And this attractive appearance lasts even after scrub-

bing with solvents. 

Stackpole Coldite 70+ Resistors are available in 

MIL-R-11 Type RC-20 ( 1/2 -watt), Type RC-32 

(1-watt), and Type RC-42 ( 2-watts) ... in all stand-

ard resistance values, and at ordinary resistor prices. 

STACKPOLI 

a/ le 7a# 
fixed composition RESISTORS 

CERAMAGe FERRITE CORES • VARIABLE COMPOSITION RESISTORS • SLIDE & SNAP SWITCHES • CERAMAGNETO 
CERAMIC MAGNETS • FIXED COMPOSITION CAPACITORS • BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT 
ELECTRICAL CONTACTS • GRAPHITE BEARINGS, SEAL RINGS, ANODES • HUNDREDS OF RELATED CARBON & GRAPHITE PRODUCTS. 
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The mysterious lignt has returned to plague man again— 
this time in space applications. Ancient mariners watched 
its ghostly glow flicker from the masts of their storm-tossed 
ships. The superstitious among them warned that it por-
tended the presence of evil spirits. Religious men called it 
St. Elmo's Fire after the patron saint of seamen. Centuries 
passed before modern man explained this harmless phe-
nomenon as a luminous discharge resulting from ionization 
of the air. 
A simil'ar phenomenon occurs during the space explora-

tions of today. It's called Corona. But unlike St. Elmo's 

corona! 
Fire, it poses a host of knotty problems. Corona causes 
power loss and insulation damage, and is a source of high 
frequency radio interference. Working in the Engineering 
Test Laboratory of the Scintilla Division, Bendix engineers 
have done extensive work on the problem of Corona 
associated with electrical wiring. 
Corona occurs in aircraft, missiles, and space vehicles 

when high-altitude breakdown in electrical circuits is 
avoided by interposing a solid dielectric, or insulation, in 
the air gap between uninsulated wires or components. The 
potential gradient is altered and as altitude is increased 



up to a certain critical level, insulation value of the air is 
reduced. When the dielectric strength of the air is less than 
the potential gradient, Corona occurs. Introducing insula-
tion may actually cause Corona at lower applied potentials 
or at lower altitudes than that at which arc-over would have 
occurred in the free air condition. 
To avoid Corona, spacing of the wires, junctions, or 

contacts must be increased or the voltage decreased as 
the critical altitudes are approached. Air gaps may also be 
pressurized or eliminated entirely. 
We have prepared a paper called "Connector and Cable 

High Altitude Performance Considerations" which pre-
sents some basic information and findings on the subject 
of Corona. A copy is yours for the asking. 
But the high-altitude problem of Corona is just one of 

the special application problems our people have studied. 
Why not take advantage of our many years of experience 
for help in solving all of your connector and wiring problems. 
Write, wire or phone us at Sidney, New York. 

SCINTILLA DIVISION/THE BENDIX CORPORATION 
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SCINTILLA DIVISION 

TIE IERD!X COR•ORATION 

MINIATURE RF 

11111111116...e«.' 

AVIATIO E IC TO. 

200 Laurentien Blvd. 

Montreal, P.Q. 

PYGMY" 

MINIATURE CYLINDRICAL TYPES 

DISTRICT SALES OFFICES 
Burbank, California 

San Francisco (San Carlos), 
California 

Washington, D.C. 

Orlando, Florida 

Chicago, Illinois 

Boston (Waltham), Massachusetts 

Teaneck, New Jersey 

Dayton, Ohio 

Dallas, Texas 

Seattle, Washington 

MS TYPES 

As a leading producer of electrical connectors 
Scintilla Division of Bendix is keenly aware of the 
responsibility which this position implies. Devoting 
much energy to research and development of new 
and better products, we are proud to have intro-
duced many new design concepts and testing pro-
cedures which have been adopted as standards by 
the connector producing and using industry. 
A few of our contributions to this industry are suc-

cessful use of resilient inserts, closed entry probe 
proof socket design, cadmium plate over aluminum, 
three point bayonet lock coupling, Alumilite hard 

QWLD HEAVY DUTY 

BENDIX INTERNATIONAL 

205 East 42nd St. 

New York 17, New York 

DISTRIBUTORS 
Airwork Corp,. Miami, Florida 

Avnet Corp., Los Angeles and 
Sunnyvale, California 

Avnet Electronics Corp., 
Westbury, L.I., New York, 
and Chicago, Illinois 

Contact Electronics, Inc.. 
Dallas, Texas 

Powell Electronics, Inc., 
Philadelphia, Pa. 

anodic coating, five key and keyway polarization, pre-
filled wire wells, miniature cylindrical (Pygmy') con-
nectors—which stimulated creation of MIL-C-26482 
specification. 
For your convenience we list here the many 

sources of supply for dependable Bendix electrical 
connectors. 

Scintilla Division III m ey# • 
CORPORATION 



For Every Electrical  

Protection Need  

there's a safe and 

dependable BUSS or 

FUSETRON Fuse! 

i 

BUSS fuse engineers have consistently pio-
neered the development of new fuses to keep pace 
with the demands of the Electronic industry. To-
day, the complete line includes: 

Single-element fuses for circuits where quick-
blowing is needed; —or single-element fuses for 
normal circuit protection;—or dual-element, 
"slow-blowing" fuses for circuits where harmless 
current surges occur;—or indicating fuses for cir-
cuits where signals must be given when fuses open. 
Fuses range in sizes from 1/500 amperes up— 
and there's a companion line of fuse clips, blocks 
and holders. 

If you have a special protection problem 

The world's largest fuse research laboratory, 
plus the experience gained by solving many, many 
electrical protection problems is on call to you at 
all times. Our engineers work with yours and can 
help you save engineering time and trouble. 

For more information, write for BUSS bulle-
tin SFB. 

BUSS: The complete line of fuses and 
fuse mountings of unquestioned high quality. 

BUSSMANN MFG. DIVISION 
McGraw- Edison Co. 
St. Louis 7, Mo. 
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Sylvania— first with the Sarong and Bikini cathodes— now 

announces a new development that significantly increases  
the reliability of Sylvania tubes. " Life- Boost Cathode" is the 

name. . the secret is an ultra- pure, uniform alloy made pos-
sible by Sylvania's leadership in powder metal technology. 

Contrasted to conventional melted alloys, the Life- Boost 
powder-metal alldy is so pure and uniform, with perform-

ance so predictable, that it eliminates any need for the 

usual " melt approval." Alloy uniformity inhibits the forma-
tion of leakage paths, which extends tube life. It also means 

better-controlled electron emission and regulated barium 
release throughout life— tube performance stays within 
specifications. Further, the new cathodes have 25% greater 

mechanical strength, which significantly reduces equipment 

failure in the field. 

Precise control of alloy composition is the key. The basic pure 
nickel powder plus carefully controlled powdered reducing 

agents are thoroughly blended and immediately rolled into 
thin-gauge strip. Because no critical temperatures are in-

volved, no impurities are introduced from crucibles and con-

New LIFE-BOOST*Cathode gives 
increased life, stability and 



taine,s, forging hammers or hot- rolling equipment. And 

the powder process permits previously impossible or 
hard-to-attain combinations of wanted properties, such 
as electrical passivity and mechanical strength at high 

temperature. 

A plained conversion of Sylvania tubes to the Life- Boost 
Cathode is under way. For information on types avail-
able now, contact your Sylvania Sales Engineer, or write: 
Electronic Tubes Division, Sylvania Electric Products 

Inc., 1100 Main Street, Buffalo 9, New York. 

Sylvania Tube 
uniformity 

MORE THAN 80 TYPES already 

have the LIFE-BOOST Cathode: 
2AF4B; 3AF4B; 6AF4A, B; 2/3/6DZ4; 6GK6; 613Q5; 6DQ5; 
6AU8, A; 6BH8; 7060; 8ET7; 6/8GN8; 10JY8; 6BL8; 6/25CD6; 

25DN6; 6/12/258Q6GTB, A; 6V6; 12BZ6; 3/4/6CB6A; 4/6DE6; 
6AH6; 6BC5; 25F5; 35C5; 6AS5; 4/6BZ6; 6CB6A; 6CF6; 3/6DE6; 
5/6EW6; 6186; 7056; 5/6GM6; 32ET5A; 6/12DQ6B; 6J4WA; 
12CA5; 12ED5; 5005: 6BF5: 6CA5; 25EH5; 50B5; 6AH6WA; 
6CU5; 6/12DT5; 6/12/25BK5; 6DT5; 5687WA; 6AN5; 12DB5; 
6K6; 6146; 6146A; 6159A; 6883A; 6080WA; 6080WB; GB-6080; 
6082; 6GR7; 12BV7; 12BY7; 6ET7; 12BY7; 12BV7; 6ET7; 

6BL7GTA; 6/12AV5GA 

Here's evidence of what it can do: 

...In 6DZ4 UHF oscillator: 
No failures, greatly improved stability 

Test: 40 tubes operated at 130 VAC for 1500 hours in 40 
TV sets (4 models, 3 manufacturers represented). 

Failures: None resulting in set failure. (Statistical estimate: 

1% per 1000 hours at 130 V, or about 0.3% per 1000 hours 
at 117 V.) Failure rate for same tube made with conven-

tionally prepared cathode material: 13.1%. 

Oscillator Grid Current: After 1500 hours at 130 V, 90% of 
LIFE- BOOST Cathode tubes had grid current between 550 

and 950 A. Only about 38% of the tubes with conven-
tional cathodes remained within these limits after period 

of test. 

...in 6GK6, used for critical vertical output: 
TV set manufacturer reports improved stability 

Test: More than 1000 hours at 135 VAC line. 

Results: No leakage problems, no slump in characteristics; 
tube can be used in vertical socket as well as other sockets 

of customer's TV set line. 

Sylvania tests show significantly reduced sublimation 

(formation of leakage paths), and improved plate current 
stability under accelerated life test and heater cycling con-

ditions with over-voltages applied. 

...in RF pentodes: 
Reduced grid emission, no insulation breakdown 
RF pentodes BZ6, CB6, EW6 and others, when subjected 

to life testing, showed reduced grid emission levels after 
conversion to the LIFE- BOOST Cathode. Insulation levels 
during and at the completion of life showed little or no 
change—an indication of improved stability—and end-
point failures due to breakdown were virtually nonexistent. 

CIRCLE 12 ON READER SERVICE CARD *Trademark 

SYLVAN 1A.,,  
GENERAL TELEPHONE gELECTRONICS \e/ 



In Seconds... 
Now measure voltages 
with a wide range of wave-
forms and frequency to 
1/1% ACCURACY 

with Ballantine's 
Model 350 Precision 
True-RMS Voltmeter 

Price: $720. 

Measurement of a non-
sinusoidal voltage, accu-
rate to 1/4%, can now be 
made in a few seconds 
using the Ballantine 
Model 350 True RMS 
Voltmeter. Prior to the 
availability of this instru-
ment, such a voltage could 
be measured to this accu-
racy only by an involved 
series of steps in which the 
heating power of the ac 
was equated to that of dc 
by means of a thermo-
couple as intermediary, 
and then by measuring 
the dc voltage, with ulti-
mate reference to a dc 
standard cell. The method 
was accurate, but required 
much certificated equip-
ment and a carefully trained technician. Baltontine Laboratories developed 
the Model 350 to simplify both the method and the required training. 

SPECIFICATIONS 

Voltage Range  0.1 V to 1199.9 V 
Frequency Range  50 cps to 20 kc 
(Harmonics to 50 kc are attenuated negligibly) 

Max Crest Factor  2 
Input Impedance  2 Mr? shunted by 15 pF 

to 45 pF 
Available in portable or relay rack versions 

Accuracy  1/4 %, 100 cps to 10 kc, 
0.1 V to 300 V; 

1/2 %, 50-100 cps and 
10 kc-20 kc, 

0.1 V to 1199.9 V 
A specified correction for volt-
ages above 300 V is applied to 
keep within 1/2%. 

Write for brochure 

giving many more details 

- Since 1932 - 

di) BALLANTINE LABORATORIES 
Boonton, New Jersey 

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS. REGARDLESS OF YOUR REQUIREMENTS FOR 
AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC, DC AND DC/AC 
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT•READING CAPACITANCE METER, OTHER ACCESSORIES. 

MC 
to the Editor 

"Power Supplies" 

EdliOr, ELECTRONIC INDUSTRIES: 

Congratulations on your October 
1962 issue with the section devoted to 
power supplies. It is unfortunate that 
such a much-required review of an 
important subject should contain er-
rors not only of the obvious typograph-
ical variety ( fig. 6a, showing a voltage 
rise with a step load increase, and vice 
versa, in Mr. Kupferberg's terminol-
ogy review, and the short circuit across 
the rectifiers' output in fig. 16 in Mr. 
Weitzel's article on "Understanding 
Power Supply Voltage Regulators"), 
but should also have factual errors. 

It is true that there exists confusion 
in power supply terminology, and the 
IRE is trying, through its Subcommit-
tee 10.6 on Regulated Power Supplies. 
of Technical Committee 10, Industrial 
Electronics, to do something about 
this. Work has been going on in the 
committee for over 3 years to establish 
standards of terminology and measure-
ment. The task is a laborious one, be-
cause the committee must develop defi-
nitions that are unequivocal, and non-
editorial. For example, Mr. Kupfer-
berg refers to "COOLING, LAT-
ERAL FORCED AIR," as ". . . an 
efficient method of heat transfer. . . ." 
The IRE, or any general standard 
technical definition, must not use such 
an editorializing phrase as "efficient." 
There are other unfortunate errors 

which represent incomplete knowledge 
of a broad field, due to narrow com-
mercial experience. Thus, Mr. Law-
rence Oakley in "Power Supply Regu-
lator Notes," pg. 146, states, under 
"10. Switching At High Frequency." 
"it cannot be, of course, as reliable, 
due to the increased number of compo-
nents." Beside the fact that this state-
ment is in error, in that switching 
power supplies are more reliable (for 
reasons beyond the scope of this let-
ter), there is an implied statement that 
any system which has more compo-
nents is inherently less reliable than 
another system which has fewer com-
ponents. This reflects ignorance of well 
known reliability techniques. Thus, 
two switches in parallel, operated si-
multaneously, are more reliable than 
one single switch, if a single switch 
can fail in an open mode. This is 

(Continued on page 64) 
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I 
USES UNLIMITED: 

Field Engineers 

Application Engineers 

Electrical, Radio, TV, 

and Appliance Servicemen 

Electrical Contractors 

Factory Ma'ntenance Men 

Electronic Technicians 

Home Owners, Hobbyists 

World's Largest Selling 
POCKET SIZE V-O-M 
FEATURES: 

1 Hand size and lightweight, but with the features of a full-
size V-O-M. 

2 20,000 ohms per volt DC: 5,000 AC. 
A EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and 
'1' range settings. The first miniature V-O-M with this exclusive 

feature for quick, fool-proof selection of all ranges. 

[ THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO 

SELF-SHIELDED Bar- Ring instrument; permits checking in strong magnetic fields • Fitting 
interchangeable test prod tip into top of tester makes it the common probe, thereby freeing 
one hand • UNBREAKABLE p!astic meter window • BANANA-TYPE JACKS—positive connec-
tion ard long life. 

• Price—only $37.50; leather case $3.20. 

Available For Immediate Delivery From Your Triplett Distributor's Stock 

co e 

VOLT-OHM-
MILLIAMMETER 

MODEL 
100 

The most comprehensive test 
set in the Triplett line is Model 100 V-O-M 
Clamp-On-Ammeter Kit, now available at dis-
tributors. The world's most versatile instru-
nient — a complete accurate V-0-M plus a 
clamp-on-ammeter with which you can take 
measurements without stripping the wires. 
Handsome, triple- purpose carton holds and 
displays all the conponents - Model 310 min-
iaturized V-0-M, Model 10 Clamp-On-Ammeter, 
Model 101 Line Separator, No. 311 Extension 
leads, and a leather carrying case, which neatly 
accommodates all the components. Model 101 
literally makes it possible to separate the two 
sides of the line when using Model 10. Exten-
sion leads permit use of Model 10 at a distance 
from the V- O- M. Complete Model 100 is only 

$64.50 

trZ 

310 666-HH 800 666-R 630 630-A 630-PL 630-A P L 630- NA 630-T 631 

"ORLD'S MOST COMPLE— ": -3LE Fr' C " /OUR TRIPLETT DISTRIBUTOR'S S-0 Cr' 



both 

SERIAL NO IIIIMMIMMI 

- 

CC CC 
F- F-

eJ > ej — 01 
tO Cn GO 

F 

o 
— 
I 

cr 
lo 

CU M, e CO P.- 0) C) - eJ PI e P- CO OM 

ONE FOR THE BIRD 

Tested, proved, ready for work . . . Delco's new 10 mc 

Silicon Digital Modules are available in either building 

block or plug-in card. Both circuits are exactly the same 

electrically. Either way, these modules meet or exceed 

all MIL- E-52720 (ASG) environmental requirements. 

In the blockhouse, the plug-in card package offers 

extreme accuracy and reliability with a gate-switch speed 

of 40 nanoseconds. The building block pack-

age and the card offer the same high speed 

at temperatures of —55°C to + 100°C. Ideally 

suited to airborne guidance and control, the 

building block package is environmentally 

DELCO 
RADIO 

ONE FOR THE BLOCKHOUSE 

proved to: Shock, 1,000G's in all planes; Vibration, 15G's 

at 10 to 2,000 cps.; Humidity, 95% at max. temp.; 

Storage and Sterilization Temp., —65°C to + 125°C; Ac-

celeration, 20G's. Both building block and plug-in card 

modules are designed for systems using from one 

module to 100,000, and the module's rated perform-

ance cons.ders the problems of interconnection. Delco 

Radio can offer both 10 mc module packages 

off-the-shelf or can supply circuits to meet 

your specific needs. Write Delco Radio Military 

Sales Department, Kokomo, Indiana. 

Division of General Motors • Kokomo, Indiana 
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DESIGN WITH ARNOLD 
"SQUARE PERMALLOY" TAPE CORES... 
YOU CAN GET THEM FROM STOCK 
IN THE RUGGED TYPE 61 CASE 
Use Arnold Square Permalloy Tape 
Cores in your designs for low level 
mag amps, high frequency mag 
amps, magnetic modulators, con-
verters, pulse transformers, etc. 
They offer you a number of desir-

able magnetic characteristics, with 
the assurance of high uniformity 
from lot to lot that is available only 
from a completely integrated pro-
ducer such as Arnold. These proper-
ties include low coercive force, low 
excitation to saturate, high gain and 
a hysteresis loop of good squareness 
—along with high maximum perme-

ability and relatively stable perform-
ance under ambient temperatures in 
the broad range from —55° to 
+200°C. 
Arnold Square Permalloy Cores 

are produced in all standard AIEE 
sizes (AIEE No. 430) in 1, 2 and 4-
mil tape thicknesses. Most of these 
sizes are available for immediate 
shipment from stock in the Arnold 
Type 6T case (aluminum cased, oil 
filled, hermetically sealed and epoxy 
coated). Square Permalloy cores are 
also available in non-standard sizes 
in 1, 2 and 4-mil tape thicknesses. 

In addition, they're available in 
heavier gauges than 4-mil, and in 
ultra-thin gauges (less than 1-mil). 

For guaranteed magnetic proper-
ties on Arnold Square Permalloy tape 
cores in standard sizes, write for 
Supplement 4, Bulletin TC-101A. 
The Arnold Engineering Com-
pany, Marengo, Illinois. 

ADDRESS DEPT. El- 1 

ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 

find them FAST in the YELLOW PAGES 
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TIMES MAKES AND STOCKS 
MORE RG CABLES 

THAN ANYONE ELSE 

Times can supply you with any RG coaxial cable you 
need—when you need it. This exclusive customer 
service is possible because Times produces and 
stocks the world's most complete line of polyethylene 
and teflon RG cables. including special and stand-
ard cables in an extensive variety of multiconductor 
configurations. 
Times stocks more than 125 different types of RG 

cables in huge quantities, including the largest sup-
ply of Mil-Spec. approved RG cables. All Times 
cable in stock at the factory and at Times' nation-
wide distributors can be shipped within 24 hours. 
And Times' large production facilities and high vol-

%%SPECIFIC cret4, 

414ticeornatt‘te ‘\\''' 

in-stock cable shipped within 24 HOURS 
urne business make its RG cable available at the 
most competitive prices. 

In addition to being a major supplier of RG cable, 
Times also produces and stocks Teflon Hook-up 
Wire, Mil-Spec. 16878D. 

- 

Times publishes a weekly stock list indicating which 
cables are in stock and the amount available. For 
further information on this service and other Times' 
capabilities, write on your letterhead to Sales 
Manager, Dept. 123. *A DuPont Trademark 

TIMES WIRE AND CABLE 
Division of The International Silver Company 

Wallingford, Connecticut 

TRANSMISSION SYSTEM DESIGN AND ENGINEERING • STANDARD & SPECIAL PURPOSE COAXIAL 

CABLE • MULTICONOUCTOR CAB— E • COMPLETE CABLE ASSEMBLIES • TEFLON* HOOK-UP WIRE 
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150 KC 

Hughes Fast-Switch Rectifier: 
99.0% Relative Efficiency. 

( 
Regular Rectifier: 

51.0% Relative Efficiency. 

Double your efficiency 

with Hughes 

fast-switch rectifiers! 

Hughes, producer of the 
industry's fastest-switching 
diode, now has available, in 
quantity and for immediate 
delivery, the industry's 
fastest-switching rectifier. 

These actual photographs of compar-
ative dynamic rectification tests 
verify the exceptional efficiency of 
Hughes HF Series " Golden Line" 
fast-switch silicon power rectifiers 
(1-35 amps). Such efficiency— unique 
in the industry— allows you to ( 1) in-
crease the source frequency, which 
results in a decrease in the size, 
costs and weight of filter components 
and power conversion units, and (2) 
to decrease the source powerthrough 
the elimination of high voltage drops 
in the filter circuit and in other circuit 
elements. The result: an increase of 
up to 50 per cent in circuit efficiency! 
• Hughes fast-switch rectifiers have 
recovery times of 200 nanoseconds 
(max.). Typical recovery time is 80 
nanoseconds. • Hughes fast-switch 
rectifiers are available in quantity— 
today— in regular or insulated stud 
packages, and in standard or custom 
high-voltage, high- power stacks. (A 
DO-7 package-1 amp and axial 
leaded—is available with the same 
parameters.) And here's something 
else to remember: Hughes fast-switch 
rectifiers demonstrate a high degree 
of immunity to the effects of space 
radiation. 

For additional detailson local delivery 
or export, contact your Hughes repre-
sentative; or your Hughes distributor 
for off-the-shelf stock. Ask for your 
copy of the "Golden Line" Rectifier 
Brochure (C-22); or write 
Hughes Semiconductor 
Division. 

Creating a new world with Electronics 

HUGHES 
14.11,[11.11/...., COMPANY 

SEMICONDUCTOR DIVISION 
NEWPORT BEACH. CALIF. 

DIODES • TRANSISTORS • RECTIFIERS 
PACKAGED ASSEMBLIES • CRYSTAL FILTERS 
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ERCO MEANS EXTRA- RELIABLE COMMUNICATIONS 
The business of ERCO Radio Laboratories Inc. is solely the design/manufacture of 

high-performance, reliable radio communications equipment for use in airport towers, 

control communications stations, and other vital communicating centers. Since 1929 

ERCO'S traditional advanced thinking and its intensified specialization has enabled 

it to incorporate in its equipment the latest advances to meet the most stringent 

needs of critical communication uses II ERCO'S unique modular construction 

technique enables it to custom-design to your requirements with significant savings 

in time and cost. ERCO engineers are always ready to discuss your particular radio 

communications problem with you. 

Pioneers in Quality Radio Communication Equipment 

ERCO RADIO LABORATORIES, INC. • GARDEN CITY, N.Y. 

L 
to the Editor 

(Continued from page 58) 

well established concept of reliability 
through redundancy. Hence. Mr. Oak-
ley's statement that the second system 
must of necessity be less reliable than 
the first system, because it has more 
components, is unfortunate, and re-
flects a serious engineering miscon-
ception. 

Further, Mr. Weitzel unequivocally 
states that there are only six types of 
regulating power supplies, and he 
omits completely the switching type, 
which is becoming more and more 
popular due to its increase in efficiency, 
smaller size and lighter weight and 
greater reliability. It is unfortunate 
that your editorial staff did not catch 
the discrepancy between Mr. Weit-
zel's erroneous omission of switching 
regulators ( the SCR regulator de-
scribed in fig. 16 and under item 6 can-
not be consiiIerc(I a switching regula-
tor) and Oakley's proper inclusion 
of the switching type regulator, de-
spite his erroneous conclusions. 

Another example of incomplete fa-
miliarity with the full gamut of modern 
power supply technology is manifested 
by Mr. Kupferberg when he states, in 
conjunction with "Current Sensing 
Resistor" ". . . a current regulated dc 
power supply regulates the current in 
the load by regulating the voltage 
across the sensing resistor." He im-

plies that current regulators can oper-
ate only if a resistor is placed in series 
with the load to develop a voltage pro-
portional to the output current. Mod-
ern techniques utilizing magnetic am-
plifiers and detectors actually can 
detect dc in a wire without any re-
sistor, and regulate accordingly. 

Even Mr. Tanner, in his excellent 

article on " Specifying DC Electronic 
Power Supplies," omitted an ex-
tremely important specification, which 
is often assumed, but which neverthe-

less should be stated—namely, the in-
sulation rating with respect to ground. 
This is of particular importance in 
multiple output power supplies. 

Since your issue will undoubtedly 
be used as a power supply reference 
for many years to come, it is the pur-
pose of this letter to set the record 

(Continued on page 68) 
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. . . an exclusive feature found only in the GR 1650-A Impedance 
Bridge. Orthonull eliminates annoying sliding balances commonly as-

sociated with the measurement of components having high losses. A 
unique unilateral ganging mechanism, Orthonull makes the Bridge's 
CRL and DQ adjustments electrically independent. Once the bridge has 
been given an initial balance, the Orthonull clutch is engaged. Then, 
any adjustment of the CRL dial automatically adjusts the DQ dial, 

"tracking" the sliding balance. Thus, convergence of the two adjust-
ments is rapid, balancing procedure greatly simplified, and the danger 
of a false balance eliminated. 

What's 
different 
about 
this 

bridge 

Type 1650-A 

Impedance Bridge 

. . $460 

OTHER FEATURES 
YOU GET IN 
THIS BRIDGE: 

Wide Ranges — R: 0.001ft to 10 M 
L: 1 ph to 1000 h 
C: 1 pf to 1000 pf 
D: 0.001 to 50 at 1 kc 
Q: 0.02 to 1000 at 
1 kc 

Accu racy — 1% for R, L, and C 
5% for D and Q 

Ready to Use — battery operated 
with built-in transistorized null 
detector and 1-kc generator. 
Frequency range of bridge is 
20c to 20 kc with external 
generator. 

Unique Carrying Caseellows panel 
to be . tilted to any convenient 
angle . . . closes for complete 
protection. Patent No. 2,966,257 

Write for Complete Information 

GENERAL RADIO COMPANY 
W ES 1 CONCORD, MASSACHUSETTS 

In EUROPE 
General Radio 

Overseas 
Svntierland 

NEW YORK. N.Y., 964-2722 CHICAGO PHILADELPHIA, 424-7419 WASHINGTON, D.C. SYRACUSE DALLAS SAN FRANCISCO LOS ANGELES ORLANDO, FLA. 
Rolgafirld. N. 1. 943-3140 (Oak Park) 848-9400 Abligtort 887-8486 (Rockville, M110 ) 946.1600 454-9323 FL 7-4031 (Los Altos) 948-8233 876.41383 425-4671 
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What was Bell Telephone Laboratories doing 
on Monday, October 1, 1962? 

Murray Hill Hill Laboratory, N. J. The search con-
tinued for new materials exhibiting supercon-
ductivity. Some of these materials have been 
used to produce very strong magnetic fields with 
the expenditure of very little electrical energy. 

Holmdel Laboratory, N. J. We were developing 
an electronic switching system using new solid 
state devices. It will bring telephone customers 
a whole new range of services. 

Whippany Laboratory, N. J. We were evaluating 
new radar technology for the NIKE-ZEUS anti-
missile missile system under development for 
the Army. Significant improvements are further 
tested at four other ZEUS test sites rang,ng 
halfway around the world. 

These 

tories 

Allentown Laboratory, Pa. We were working with 
engineers of Western Electric, manufacturing 
unit of the Bell System, on the manufacture of 
long-life electron tubes for a new deep sea 
cable system. 

Indianapolis Laboratory, Ind. We were perfect-
ing improved automatic dialer telephones. One 
model will permit the customer himself to 
record 50 frequently called names and numbers 
and then dial by simply selecting a name and 
pressing a button. 

Crawford Hill Laboratory, N. J. We were experi-
menting with the microwave modulation of light 
from a helium-neon gaseous optical maser. 
Modulated light may someday be used to carry 
large volumes of information. 

Merrimack Valley Laboratory, Mass. We were 
increasing the capabilities of a new microwave 
system designed for low-cost telephone and 
television communications over distances up 
to 200 miles. This system is based on advances 
in solid state technology. 

I J 

New York Laboratory, N. Y. We were studying 
the performance of a new data set which 
converts teletypewriter pulses into tones for 
transmission over regular voice circuits. Trans-
mitting teletypewriter messages over voice 
circuits was introduced on August 31, 1962. 

Cape Canaveral, Fla. We were preparing for 
the 102nd successful use of Bell Laboratories-
developed Radio Command Guidance System. 
On July 10, it was used in the NASA launching 
of the Bell System's Telstar. This guidance 
system was originally developed for the Air 
Force and is operational on the Titan I ICBM. 

were sone of the highlights of one day. Engineers and scientists at Bell Labora-

work in every field that can benefit communications and further improve Bell 

System services. Their inquiries range from atomic physics to new telephone sets, from 

the tiny transistor to transcontinental radic systems, from the ocean floor to outer space. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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SWELL CONTRO-I PEDAL FOR L•IDO SERIES ORGAN SPOWING WNERE AL _ EN- BRADLEY 
HAMMOND ORGAN COMPANY USES THE POPULAR TYPE J TO INSURE LONG LIFE 

AND LOW NOISE IN THE SWELL PEDAL CONTROL OF THEIR NEW SPINET ORGAN TYPE J VARIABLE RESISTOR IS USED 

Hammond engineers through tough tests sold 

themselves on A-8 Hot Molded Variable Resistors 
• In selecting components for the swell control pedal, resistors. For more complete information on the entire 
which is in constant use, Hammond Organ Company line of A-B quality electronic components, please write for 
exercised traditional care to make certain their new spinet Publication 6024. 
will remain a lifelong companion. Therefore, Hammond 
engineers conducted extensive tests to determine the con-
trol that would provide the longest life in this quite 
abusive application. Because of the wide degree of ampli-
fication, an extremely low noise level is tremendously impor-
tant. Based on such tests, the Hammond engineers selected 
the Allen-Bradley hot molded Type J variable control as 
their No.1 choice. The special tapers necessary for this type 
of application are easily accomplished in the Type J control. 

Hammond Organ Company's new spinet also uses A-B 
hot molded fixed resistors, which are world famous for 
their consistently uniform characteristics, low noise level, 
and complete freedom from catastrophic failures. 

You can be certain of protecting the reputation of your 
equipment by always insisting on A-B fixed and variable 

Allen-Bradley Co., 1342 South Second Street, Milwaukee 4, Wisconsin 

Type J controls are rated 

2.25 watts at 70°C and are 
available in standard tapers 

and standard total resis-

tance values up to 5 meg-

ohms. Special tapers and 

special, as well as higher 
resistance values, are also 

available. 

• In Canada: Allen-Bradley Canada Ltd., Gal:, Ontario 

QUALIT' ELECTRONIC COM'ONENTF.: ALLEN - BRADLEY 
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Microwave Test Equipment 

2.6 to 90.0 Gc 

Over 1000 standard precision waveguide instru-
ments and components are described in Wave-
line's new 114 page illustrated catalog. This 
new easy to read catalog contains complete 
specifications and prices for the following 
standard items — 

attenuators • noise tube mounts • crystal and bolo-
meter mounts • waveguide switches • series, shunt, 
and hybrid tees • fixed and adjustable terminations 
• slotted lines and probes • standard gain horns • 
elbows, twists, and straight sections • flange fas-
teners and waveguide stands • variable shorts • 
double stub, slide screw, and E/H tuners • band 
pass filters • directional couplers • adapters and 
transitions • frequency meters • pressure and bulk-
head units • phase shifters 

Write today for this new catalog: 

WAVELINE INC. 

P.O. Box 718, W. Caldwell, N. J. • CApital 6-9100 

WAVELINE 
INC. 

CALDWELL, NEW JERSEY 

Phone. CApital 6-9100 TWX Caldwell, N. J. 703 

—I— —I 

to the Editor 

(Continued from page 64) 

straight to the effect that the articles 
represent mainly current practice in 
commercial organizations, and do not 
necessarily represent the most ad-

vanced technology for all dc power 
supply applications. 

Dr. Victor Wouk 
President 

Electronic Energy Conversion Corp. 
342 Madison Ave. 
New York 17, N. Y. 

Ed: This article. " Power Supplies— Definitions 
to Design," was one of the most popular arti-
cles ever published in ELECTRONIC INDUS-
TRIES. In all, some 50.000 reprints have been 
ordered of various articles within the feature, 
and 5,700 copies of the total package, have 
been distributed. 
We fully expect, that, as Dr. Wouk predicts. 

this article will be a reference work for some 
time to conic. With that in mind, we are for. 
warding copies of this letter to the authors of 
the articles to which Dr. Wouk refers. Their 
comments will be printed here in succeeding 
issues. 

"Directed Energy Weapons" 

Editor, ELECTRONIC INDUSTRIES: 

Regarding the article, "Directed 

Energy Weapons" by Dr. Jack De 
Ment, in ELECTRONIC INDUSTRIES, Au-
gust issue, 1962. 

I should like to state that as a part-
ner and associate in this project with 
my brother, Dr. J. A. De Ment of 
Portland, Oregon we have received 
inquiry and requests for re-prints on 
a world wide basis. We have also re-

ceived many requests from various 
colleges and universities for the ar-

ticle. Although we have referred the 
inquiries to your department for such 
reprints, we should greatly appreciate 

fifty ( 50) reprints of this article, if 
available. 

Dr. Gene A. De Ment 

Moscow, Idaho 

Editor, ELECTRONIC INDUSTRIES: 

As per your offer in the September, 

1962 issue of " Electronics Industries," 
please send me a reprint of the article 
titled "A Shortage of Engineers ?" 

This article was impressive, and, to 
those who have been alert to the activi-
ties of the industry, appears correct. 

Lyle K. Porter 
Sandia Corporation 
Albuquerque, N. M. 
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Use it 
anywhere! 

.ÎJ 
Range: 0.001 to 300 y rms full scale, 12 ranges 

Frequency: 5 cps to 2 mc 

Accuracy: Frequency 

SPECIFICATIONS 

/.34 

Temperature 

O C to O-C to —20 C 

1 mc 
10 cps to +2% +8% 

5 to 10 cps 
1 to 2 mc • +5% +8% 

"4- 10% on 300 y range 

Nominal Input 2 meg-40 pf, 0.001-0.03 u ranges; 20 pf, 
Impedance: 0.1-3 v ranges; 15 pf, 10-300 y range 

Maximum Input: GOO v peak, 0.3-300 v rarag:.s; 75 V rms, 
600 v peak, 0.001 0.1 v range 

Power: 4 rechargeable batteries ( furnished) 
40- hr operation per fecharge, up to 500 
recharging cycles. Self-contained 
recharging circuit funct ons when 
instrument is operated from ac line 

Size: We" wide, 6-3/32" high, 8" deep 

Price: 1r 403B, $310.00 

ELECTRONIC INDUSTRIES • January 1963 

New hp portable AC Voltmeter 
100 pv to 300 y. 5 cps to 2 MC 

2% accuracy is yours over a major portion of the frequency 
range with this new battery-operated hp 403B AC Voltmeter. 
Carry it anywhere and quickly make direct measurements 
from 100 microvolts to 300 volts, 5 cps to 2 mc. 

Battery charge, easily checked with a front-panel switch, is 
automatically restored while you use the 403B on your 
bench or from your ac line. 

The instrument itself always operates from its battery supply, 
and the battery operat on permits complete isolation of the 403B 

from power line and external grounds— eliminating 
hum and ground loops. Signal ground may be 
±500 y dc from external chassis. The meter 
responds to the average value of the input, is 
calibrated in the rms value of a sine wave. The 
solid state, compact 403B weights only 6 tbs. 
Call your Hewlett-Packard representative or write 
direct for a demonstration on your bench. 

Data subject to change without notice. Price f o. b. factory. 

HEWLETT-PACKARD COMPANY 
1501 Page Mill Roac, Pala Alto, California, Area Code 415, CA 6-7000 

Sale; artd semce representatives in a.I principal arts 
Europe, Hewlett-Packard S. A., 54 Route des Acacias, Geneva; 
Canada, Hewlett-Packard ( Canada) Ltd., 8270 Mayranc St., Montreal 
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ilY7,77.21 
Send for 236-Pg. MotorBook 

PLEASE REQUEST ON YOUR LETTERHEAD 

Your buying guide and catalog for top-name brand 
electric motors. Over 300 kinds, 1/100 to 30- hp. 
listed with net prices. 

Thousands of related items-Fans, Blowers, Power 
Tools, Air Compressors, Power Plants, Heating Equip-
ment, Lighting, Pumps, etc., also included. Product 
descriptions include technical and application data. 
Wholesale only, no consumer requests honored. 

7,/ GRAINGER WAREHOUSE STOCKS 
FOR PICK-UP & FAST SHIPPING 

Thousands of dealers and 0.E.M's. rely upon Grainger's fast motor 

supply service from fully- stocked, conveniently located warehouses --
and low net wholesale prices. 

Call Grainger first when you need electric motors and equipment 

in our line. Your phone calls and orders are handled by experienced 

supply men. Salesmen at each of the offices listed below available 
for help and guidance. 

e MOTOR SPECIALISTS 

WW RAINGERINC. 
DEPT. 313B, GENERAL OFFICE, CHICAGO 12 

WRITE OR VISIT SALES OFFICE-WAREHOUSE NEAREST YOU 
ALABAMA 
BIRMINGHAM 4.701.6th Ave. N. 

ARIZONA 
PHOENIX 3. 0024 N. 23rd. Ave. 

ARKANSAS 
Li1 t f. RUCK • 1805 Scott St. 

CALIFORNIA 
FRESNO 2.101 Van Ness Ave. 
LOS ANGELES 33• 1401 E. 3rd St. 
OAKLAND 7.2200 Aceline St. 
SAN DIEGO 12.144 W. Market St. 
SAN FRANCISCO 10.519 Potrero Ave. 
SAN JOSE • (Will open sOign) 

COLORADO 
DENVER 4.695 Bryant St. 

CONNECTICUT 
WEST HARTFORD. 201 Dexter Ave. 

DISTRICT OF COL. 
WASHINGTON 18.1860 Adams, N.E. 

FLORIDA 
JACKSONVILLE 6.35 W. 12th St. 
MIAMI 37.2727 N.W. 2nd Ave. 
TAMPA 6.1509 Cypress St. 

GEORGIA 
ATLANTA 16.1046 Memorial Or.. S.E. 

ILLINOIS 
CHICAGO 12.2330 W. Adams St. 
CHICAGO 48. 5959 W. Howard St. 
MELROSE PK.• 1660 N. Maanheint Rd. 
PEORIA • 809 Bond St. 

INDIANA 
INDIANAPOLIS 2.1714 E. Riverside 
SOUTH BEND 18..1133 So. Main St. 
IOWA 
DAVENPORT • 1215 E. River St. 
DES MOINES 14.66 Washington Ave. 

KANSAS 
WICHI IA 14.1.01 N. Mosl?y St, 

KENTUCKY 
LOUISVILLE 3.120 S. 12th St 

LOUISIANA 
NEW ORLEANS 25.4513 Eve St. 
SHREVEPORT • 2031 Texas Ave. 

MARYLAND 
BALTIMORE 30•800 S. Hanover SI. 

MASSACHUSETTS 
BOSTON 35.94 Lincoln St 

MICHIGAN 
DETROIT 3.1701 E. Mc Nichols Rd. 
GRAND RAPIDS 3.545 Grandville S.W. 

MINNESOTA 
MINNEAPOLIS 4. 1818-4th St. S. 

MISSOURI 
KANSAS CITY 8.1629 Broadwo 
ST. LOUIS 6.1601 N. 7th St. 

NEBRASKA 
,)MAIIA 10.1531 N. 18th St. 

NEW JERSEY 
•,!411K . • 355 Mulberry St. 

NEW MEXICO 
XL. L.S.- ... L/E• 3616 High St., N.E. 

NEW YORK 
ALBANY 6 • _O Colvin Ave. 
BUFFALO 4.105 Ash St. 
HICKSVILLE, L. 1. • 41 Bloomingdale Rd 
NEW YORK 13.533 Canal St. 
ROCHESTER 4.42 Sao St. 
SYRACUSE 6 • Tarbell Rd. 

NORTH CAROLINA 
CHARLOTTE 3.1216 S. Mint St. 

OHIO 
CINCINNATI 6.2400 May St. 
CLEVELAND 14.2150 Hamilton Ave 
COLUMBUS 15.400 E. Livingston A.. 

OHIO 

I °LIDO 2 • 5à) Southard St. 
YOUNGSTOWN 2.16 Pyatt St. 

OKLAHOMA 
OKLAHOMA CIT Y 2.310 E. Sheridan 
TULSA 19 1738 S. Boston Ave. 

OREGON 
PORTLAND 17.2410 N. Mississippi 

PENNSYLVANIA 
ALLENTOvvN• 726 N. Graham St. 
PHILADELPHIA 4.3215 Spring Garden 
PIT TSBURGH 1.3812 Penn Ave. 

RHODE ISLAND 
PROVIDENCE 5.236 Georgia Ave. 

TENNESSEE 
KNOXVILLE 17.1307 Chilhowee Ave. 
MEMPHIS 3.339 So. Front St. 
NASHVILLE 4.210.17th Ave N. 

TEXAS 
AMARILLO. 508 So. Fannin St. 
DALLAS 10.2425 Ferris St. 
EL PASO. 1100 E. Missouri St. 
FT. WORTH 3.1119 W. 515 St. 
HOUSTON 14.2320 Congress Ave. 
SAN ANTONIO 2.606 E. Crockett St. 

UTAH 
SALT LAKE CITY 16.527 No. 3rd W. 

VIRGINIA 
NoRFOLK 8."35 W. 4411, St. 
RICHMOND 20.1427 W. Cary St. 

WASHINGTON 
SEATTLE 44 • 2001 Grand St. 
SPOKANE I* W. 22 Main Ave. 

WEST VIRGINIA 
CHARLESTON. 1037 Central Ave. 

WISCONSIN 
1,111','."AUKFF 4.136 F. Want« St 

13D 
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Introduction to Electronics 
By Walter H. Evans. Published 1962 by Prentice. 
Hall, Inc., Publishers, Englewood Cliffs. N.J. 518 
pages. Price $ 14.00. 

Book was written for an introductory 

course in electronics, both for electrical 
engineering students and for others in-
terested in electronic instrumentation. A 
background in circuit analysis is assumed. 
Several areas in electronics are covered 
which are not included in most introduc-
tory texts. 

The major objective is to stimulate 
creativeness in the electronic held. This 
is done by considering several types of 

design problems at the end of each chap-
ter. Analysis of a broad group of circuits 
is presented in an interesting manner. 
A brief explanation of vacuum diodes, 

gaseous diodes, solid state diodes, transis-
tors, tunnel diodes, vacuum triodes, photo-
electric cells, and many others, is provid-
ed. 

Anatomy of Automation 

By Amber & A'nber. Pubi,shed 1962 uy Prentice. 
Hall, Inc., Englewood Cliffs. N.J. 256 pages. Price 
r 0 60. 

Book starts out with commonly known 
facts concerning primary industrial prac-
tices and builds up to fully automatic sys-
tems. Functional aspects of automation 
take precedence over equipment design 
details. 
The two main elements of useful work, 

energy and information, are discussed 
thoroughly. By following the framework 
developed in the text, the reader learns 
what levels of automation involve the 
mechanization of energy and what levels 
involve the mechanization of information. 
The role of self-correcting feedback 

control and computer control in automa-
tion is carefully analyzed. 

Introduction to Electronic Data 

Processing Equipment 
By Robert V. Ookford. Published 1962 by McGraw. 
Hill Book Co., Inc., 330 West 42nd St., New York 
36. N.Y. 340 pages. Price late 

Emphasizing man-machine communica-
tions, this book explains how to communi-
cate with electronic computers and aux-
iliary punched card equipment and dis-
cusses the principles of the equipment's 
operation. Introduced are: number and 

coding systems as the basic language of 
computers; the basic components of an 
electronic computer; machine language: 

symbolic and algorithinic language pro-
gramming; Program testing: and the pr., 

gramming of plug-board controlled auxil-
iary equipment. Existing rather than hy-

pothetical equipment and languages are 
discussed. 

(Continued till pale 741 
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FAST DELIVERY 

ON 0 H M ITE 
STOCK RESISTORS 

Call Your Distributor or the Factory 
Write for Revised Stock Catalog 30 

LUG TYPE: Vitreous enameled, wire-wound; 
10, 25, 50, 100, 160, 200 watts, 0.51 to 
250,000 ohms.* 

HIGH CURRENT, POWR-RIB: Fixed and ad-
justable, ribbon or round wire; 0.1 to 25 
ohms, 5.1 to 100 amps. 

MIL- R- 26C ( FIXED): All sizes; tubular, flatI, 
axial leadt, insulatedt, ceramic jacketed F. 
tNot illustrated. 

ADJUSTABLE DIVIDOHM': Vitreous enam-
eled, wire-wound; 10, 25, 50, 75, 100, 
160, 200 watts; 1 to 100,000 ohms. 

THIN TYPE: Vitreous enameled, wire-
wound; 10, 20, 30, 40, 55 watts in 158 
values, 1 to 50,000 ohms. 

AXIAL LEAD: Vitreous enameled, wire-
wound; 1, 3, 5, 10 watts in 292 values, 1 
to 50,000 ohms. 

HIGH CURRENT, CORRIB ,: Vitreous enam-
eled, fixed and adjustable; 300 watts in 
48 values, 0.1 to 20 ohms. 

INSULATED: Molded silicone-ceramic, 
wire-wound precision; 3, 5, 10 watts in 
101 values, I to 51,100 ohms. 

*Also NON-INDUCTIVE resistors of 10, 50, 100, and 160 watts. 

WORLD'S LARGEST SELECTION I 0 H M ITE 
OF STOCK RESISTORS 

BROWN DEVIL ,: Vitreous enameled, wire-
wound; 5, 10, 20 watts in 121 values, 0.5 
to 100,000 ohms. 

MIL- R- 19365C (ADJUSTABLE): Vitreous 
enameled, wire-wound; all 8 MIL sizes from 
11 to 210 watts, 1 to 15,000 ohms. 

OHMITE MANUFACTURING COMPANY 
RHEOSTATS • POWER RESISTORS • PRECISION RESISTORS • VARIABLE TRANSFORMERS 
TANTALUM CAPACITORS • TAP SWITCHES • RELAYS • R.F. CHOKES • GERMANIUM LHODES 3662 Howard Street, Skokie, Illinois 
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Offner Type S Ink-Rectilinear Dynographj locks In accuracy 

at pen point with servo control 

PEN POINTS ARE SERVO Ci3NTROLLED BY INPUT SIGNAL—POSITIVELY CONSTRAINED TO A 

SINGLE STRAIGHT LINE • PRESSURE INK SYSTEM ASSURES MAXIMUM LEGIBILITY— MINIMUM 

MAINTENANCE • TRANSISTOR CIRCUITRY FOR INSTANT WARM-UP, LOW POWER CONSUMP-

TION • GIVES ALL ADVANTAGES OF OTHER OFFNER RECORDERS PLUS INK- RECTILINEAR 

TRACINGS • FOR COMPLETE DATA SEE YOUR OFFNER REPRESENTATIVE, OR WRITE US. 

Beckman' 

063-208 

INSTRUMENTS, INC 

,OFFNER DIVISION 

Schiller Park, Illinois 

L international Subsidiaries: Geneva, Switzerland; Munich. Germany; Glenrothes. Scotland 

SPECIFICATIONS 

NUMBER OF CHANNELS: 
1-8 standard; to 24 special 

EVENT MARKER: 
One or more available 

SENSITIVITY: 
With preamp 1 µv/m, to 5v/mm 
Without preamp 1 mv/mm to 5v/mm 

FREQUENCY RESPONSE: 
DC to 150 cps 

PHASE ERROR: 
0-100 cps < 0.1 msec delay error 
0-150 cps < 0.7 msec delay error 

RESPONSE TIME: 
2.5 msec at 5 mm deflection 
4.0 msec at 10 mm deflection 

NOISE: 
With preamp < 0.5 my, RMS 
Without preamp invisible 

HYSTERESIS: 
0.1% (full scale) locked in by Posi-
tional feedback 

RESOLUTION: 
0.1% (full scale) locked In by posi-
tional feedback 

LINEARITY: 
0.15% (full scale) for DC; or AC with-
in maximum amplitude envelope 

DRIFT: 
With preamp 1 /.iv/hr at max. gain 
Without preamp <0.05 mm/hr 
(shorted input) 

RECORDING AMPLITUDE: 
Full chart channel width from DC 
—30 cps with progressive reduction to 
5mm at 150 cps 

INPUT: 
With preamp ... differential 
Without preamp single-ended 

INPUT IMPEDANCE: 
With preamp 2 megohms 
Without preamp 1 megohm 

ZERO SUPPRESSION: 
With preamp 50cm 
Without preamp 15cm 

CALIBRATION: 
Internal 

PAPER SPEEDS: 
8 push button selected, standard 
speeds 0.1, 0.2, 0.5, 1, 2.5, 5, 10, 25 
cm/sec. Other speeds on special 
order 

PAPER SPEED ACCURACY. 
1.0% 

AMBIENT TEMPERATURE RANGE: 
—20°C to +50°C 

INPUT COUPLERS: 
All types available 

POWER REQUIREMENTS: 
60 w. average; 140 w. max (8 channels) 

WARM-UP TIME: 
Instantaneous 

AUXILIARY POWER AVAILABLE: 
+15v, 0.5 amps DC 
—15v, 0.5 amps DC 

6v, 10 watts, 400 cps 
HIGH-IN, HIGH-OUT SWITCH: 
For recording DC or low frequency 
signals. Signal frequencies above 50 
cps (approx) attenuated in " High-
Out" position 

NOMINAL COST/CHANNEL: 
With preamp $1,250 
Without preamp $850 
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both the same size...performance-wise 

*A10DOSPAIMMISAMB  

" NEW... 

FIRST READY- BUILT 

I SERVOPACKAGE 

SAVES YOU 30% ON 

SIZE AND WEIGHT 

Introducing the Motor-Pot — 
the year's best example of 
pint-sizing. In a single package, 
you get high-performance 
servomotor, precision 
potentiometer and gearhead 
at a 30% saving in size and 
weight over typical in-line 
subassemblies. We've 
done it by cleverly placing 
the gearhead and part of the 
motor right inside the pot. 

There are two standard models. 
The Model 45 Motor-Pot with 
its 1-1/16" diameter single-turn 
pot and size 5 servomotor. 
And the Model 46 with 
a 2" diameter ten-turn pot 
and size 8 motor. Also any 
number of custom variations. 

The ready-made 45 and 46 
give a clue to our in-line 
capability. And our experience 
furnishes the proof. We'll meet 
your most demanding spec 
with component matching 
you can count on. One-stop 
shopping also saves you time 
and money. There's no testing, 
positioning and aligning of 
components purchased from 
different suppliers. No more 
do-it-yourself assembly at all! 

Your nearest Helipot rep 
has our full servopackage story. 
For more information, contact 
him or write us direct. 

ALSO ... NEW•GENERATION HALL EFFECT DEVICES, 

CLEAN- DESIGN METERS. 

Beckman INST9UMENTS, INC. 

HELIPOT DIVISION 

Fullerton, California 

INTERNATIONAL SUBSIDIARIES s GENEVASWITZERLAND; 

MUNICH, GERMANY; OLENROTH ES, SCOTLAND. 
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LEFL 

WJ HALL GENERATORS COME OF AGE 
BECKMAN BRINGS FULL POTENTIAL WITHIN REACH— 

Noe WITH MICRONS-THIN SEMICONDUCTOR FILM 

The Hall effect was something of 
a curiosity just a few years ago. 
The principle made sense, but it 
couldn't be put to practical use. 
That's because the power transfer 
efficiency of a Hall voltage genera-
tor depends on the square of the 
mobility of the charge carriers. 
And there weren't any true highly. 
mobile semiconductors until the 
introduction of compounds like 
Indium Antimonide and Indium 
Arsenide. Even then, the full po-
tential of Hall devices couldn't 
be realized. For while increasing 
efficiency, the low resiitivities 
of these intermetallic materials 
created a new problem. How do 
you make a Hall generator that's 
compatible with conventional 
circuitry ? 

Beckman provides the answer 
with a new production technique. 
Here's what happens ... 

JUST WHAT IS THIS SPECIAL 
BECKMAN PROCESS? 

The best way to increase resist-
ance is to reduce the thickness of 
element material. But this is ex-
tremely costly if standard lapping 
and polishing techniques are used. 
A breakthrough came out of a 
7-year Beckman-sponsored R&D 
project: a manufacturing process 
that vacuum-deposits semiconduc-
tor film only a few microns thick 
on a substrate plate. This is the 
secret of Beckman Hallefex* gen-
erators— an entirely new genera-
tion of Hall voltage generators. 

HOW IS OUTPUT SENSITIVITY 
AFFECTED? 

Input and output resistance jump 
to 100-600 ohms. Output sensi-
tivity increases to 2.0 volts/amp.-
Kilogauss, minimum. That's 10 
times more sensitive than ever 
before possible. 

But Hall devices have two inputs 

•TRAOCNARIC 

Also...precision potentiometers, 
high-performance servomotors, 
clean-design meters. 
International Subsidiaries: 
Geneva, Switzerland; Munich, 

man ; Glenrothes, Scotland. 

4 1 

—a current and magnetic flux field. 
The output is proportional to the 
vector cross product of both. 

Basic Use Configuration 

HALL 

GENERATOR 

MAGNETIZING 

CURRENT 

AGNETIC 

LUX IS 

CURRENT 

IC 

CAN EFFICIENCY OF MAGNETIC 
CIRCUITS BE IMPROVED? 

Yes—tremendously. Most Hall 
generators incorporate a crystal 
element and encapsulation that 
measure up to 30 thousandths of 
an inch thick. An air gap this 
big means an inefficient magnetic 
circuit, especially at higher fre-
quencies. So Beckman came up 
with a Hallefex model that elim-
inates the usual glass substrate— 
instead sandwiches the thin film 
between two ferrite slabs. Result ? 
The effective magnetic air gap is 
cut to less than 0.002"-10 times 
smaller than the gap required by 
most other Hall generators. 

WHERE IS THE HALLEFEX 
GENERATOR BEING USED? 

New applications are found every-
where—every . day. Here are some 
of the basic ones: power measure-
ment, measuring magnetic fields, 
frequency doubler, digital readout, 
position transducer. Where can 
you put the Hallefex solid-state 
voltage generator to work? 

For facts on Hallefex generators 
and packages, applications assist-
ance, or air-mailed evaluation 
units— write, wire or phone: 
Sales Manager, Special Products, 
Helipot Division. Phone: TRojan 
1-4848. Teletype: FULLERTON CAL 
5210. 

Beckman INSTRUMENTS, INC. 

HELIPOT DIVISION 
Fullerton, Califorma 

MIT 

A Primer of ALGOL 60 Programming 

By E. W. DiOutra. Published 1962 by Academic 
Press Inc., ( London) Ltd., Berkeley Square House, 
Berkeley Square, London, W.I., England. 114 
pages. Price $6.00. 

ALGOL is a language which is being 
developed with the aim of describing 
computer processes. This language is de-
fined so exactly that an ALGOL descrip-
tion of a computer process is enough for 
a computer to perform its actual execu-
tion. 
ALGOL 60 should bring the potentials 

of modern automatic computer machines 
within the reach of a large group of po-
tential users. This primer has been writ-
ten in order to ease the problem of learn-
ing ALGOL 60. 

Books Received 

RF Interference Control Handbook 

By Barron Kemp. Published 1962 by Howard W. 
Sams & Co., Inc., 4300 West 62nd St., Indianapolis 
6, Ind. 224 pages, hardbound. Price $6.95. 

Electronic Test Instrument Handbook 
By Joseph A. Risse. Published 1962 by Howard W. 
Sams & Co., Inc. 4300 West 62nd St., Indianapolis 
6, Ind. 288 pages. Price $4.95. 

RCA Transmitting Tubes 
Published 1962 by Electron Tube Div., Radio Corp. 
of America, Harrison, N.J. 320 pages, paper-
bound. Price $1.00. 

ABC's of Tunnel Diodes 
By Peter Golaan. Published 1962 by Howard W. 
Sams & Co., Inc., 4300 West 62nd St., Indianapolis 
6, Ind. 96 pages, paperbound. Price $ 1.95. 

NEREM Record 1962 
Record of the Northeast Electronics Research and 
Engineering Meeting— I962, held in Boston, Mass., 
Nov. 5-7, 1962. Published 1962 by Lewis Winner, 
152 West 42nd St., New York, N.Y. 198 pages, 
paperbound. Price $7.50 

Modem Communications Course, Vol.1 
Published 1962 by Howard W. Sams & Co., Inc., 
4300 West 62nd St., Indianapolis 6, Ind. 256 
pages. Price $4.95. 

NARM Relay Symposium Papers 
A compilation of papers presented at the Tenth 
Annual Relay Symposium at Stillwater, Oklahoma. 
Published 1962 by NARM. Available from Mr. 
Alex White, Nat'l. Assoc. of Relay Manufacturers, 
P.O. Box I, Bellerose 26, N.Y. 132 peges, paper-
bound. Price $2.03. 

Industrial Automatic Systems 
(AS 1-1962) 
Published by the National Electrical Manufac-
turers Assoc., 155 East 44th St., New York 17, 
N.Y. Price $4.00. 

Instrument Transformers ( El 2-1962) 
Published by the National Electrical Manutc, 
turers Assoc., 155 East 44th St., New York 17, 
N.Y. Price $ 1.65. 

RCA Transistor Manual (SC-10) 
Published 1962 by RCA Commercial Engineering 
Somerville, N.J. 304 pages. Price $ 1.50. 

RCA Battery Manual 
Published 1962 by Electron Tube Div., RCA, Har-
rison, N.J. 64 pages. Price $0.50. 

(Continued on page 801 
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[ Now... 
2 nsec typical speed 

400 mW dissipation 
100 mA at 1V 

in a -3yivania epitaxia 
planar diode 

Line 1 of the table shows the best combination of computer 
diode characteristics available today — all in an epitaxial 
planar diode with 400 mW power dissipation. • Not just the 

1N3731, but all of these Sylvania silicon diodes are epitaxial 
planar, for these very good reasons: Epitaxial techniques — 
pioneered by Sylvania—provide the high speed, low forward 
resistance, and an optimum balance of breakdowr voltage 
versus capacitance. The planar process adds other important 
features: low leakage and high reliability. It puts a protective 
passivated layer over the entire junction area. Reliability is 
further enhanced by the double hermetic seal- 100% pres-
sure- tested in Zyglo. And by the rugged one-piece construc-
tion, which stands up to the severest conditions of vibration 
and shock. • Rely on Sylvania for epitaxial planar dicdes, and 
rely on your Sylvania Sales Engineer or Franchised Semicon-

ductor Distributor to get them for you. For technical infor-
mation, write directly to: Semiconductor Divisior, Sylvania 
Electric Products Inc., Dept. 2011, Woburn, Massachusetts. 

Avg. 
Fwd. 

Current 
mA ( min) 

Fwd. 
Current 
at i 1 V 
mA (min) 

Reverse 
Current 
µA ( max) 

Capac- 
itance 
at 0 V 

pp} (max) 

Rei.erse 
Recovery 
time nsec 
(max) 

Reverse 
Peak 

Voltage 
V (min) 

1N3731 275 100 0.05 at — 50 V 2.0 3.0 100 

1N3604 75 50 0.05 at —50 V 2.0 2.0 75 

1N3064 115 10 0.1 at —50 V 2.0 4.0 75 

1N914 75 10 .025 at — 20 V 4.0 4.0 100 

1N914A 75 20 .025 at — 20 V 4.0 4.0 100 

1N916 75 10 .025 at — 20 V 2.0 4.0 100 

1N916A 75 20 .025 at — 20 V 2.0 4.0 100 

SYLVAN IA 
ScIASIO'ARV OF 

GENERAL TELEPHONE &ELECTRON/CS 
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Yours— free—right from the horse's mouth 
If you design around relays—or ever expect to—you'll 
want a copy of "Relay Magic," by the "boys who wrote 
the book" on time-tested circuits. 

This 40-page booklet, that is yours for the asking, con-
tains 31 basic circuits that represent the best relay tricks 
of the trade to date. And, to keep you out of trouble, 6 
seemingly practical circuits that you should avoid like 
the plague. 

Included are circuits for dividing, multiplying, stretching 
and shortening pulses; counting chains; storage. scanning 

and cycling systems; delayed operation; binary addition, 
as well as decimal-to-binary and binary-to-decimal con-
version. 

If you already have a working circuit, AE's regional sales 
representative can help you select and order the exact 
relay or rotary stepping switch configuration for the job. 
You'll find him listed in the Yellow Pages under "Relays." 

To get your copy of "Relay Magic," write the Director, 
Control Equipment Sales, Automatic Electric, Northlake, 
1 llinois. 

AUTOMATIC ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE &ELECTRON/CS 
ENERA)I 

derib 
SYSTEM 
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New SOV-2200 pumps paramps and masers a:. 35 Cc and delivers 500 m\l' of power. Op-
eration at any frequency from 31 to 40 Cc is possible with this new oscillator family. Although 
miniaturized these Sperry oscillators have the frequency, high power, and stability of heavy-
weight tubes. 

New miniature, high-power oscillators 

push range to 40 Gc for paramp pumping 

A new family of V band two-cavity klystron oscillators 
provides high power levels for parametric amplifier and 
maser pumping, doppler systems, and FM communica-
tions systems. These tubes cover the frequencies from 
31 to 40 Cc. You now get off-shelf to 60-day delivery 
of two-cavity oscillators from Sperry Electronic Tube 
Division at any frequency from 12.5 to 40 Cc. 

The unique combination of 500 mW power output 
at frequencies up to 40 Cc, exceptional AM stability, and 
small size is found only in Sperry's two-cavity design. 

These Sperry miniaturized pump tubes weigh just 12 
ounces — yet offer the performance formerly found only 
in much larger, heavier tubes. 

The flat-topped "output power vs. beam voltage" mode 
shape results in outstanding amplitude stability, since 
variations in beam voltage and temperature produce only 
negligible variations in output power. 

Sperry's two-cavity oscillators deliver power outputs 
ranging from .5 to 2 watts. Typical output at U band 
is 2 watts and at V band, 500 mW. 

Use of two-cavity klystrons also permits considerable 

system simplification, since equipment such as reflec-
tor power supply, automatic power leveler, and — in 
most applications — automatic frequency control can be 
eliminated. 

For applications where outputs up to 300 mW and 
wide tuning ranges are required, ask about Sperry's 
tunable, low-voltage reflex klystron pumps. 
A free technical booklet describing the entire Sperry 

line of paramp pump tubes— both two-cavity and reflex — 
is now available. For your copy, write Sperry, Sec. 183, 
Gainesville, Florida, or contact Cain & Co., Sperry's. 
national representatives. 

ELECTRONIC 
TUBE 

DIVISION 

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



We've got waveguide directional couplers that practically disappear. 

If space requirements are cramping your style, look to MicroGuide, for the 
answer to your power and VSWR measurement problems. They're available in 
any waveguide from WR770 (low L band) to WR75 (high X band). 

The model WL4B, shown at right, is an example of our new slim line 
standard model: L band, 1100-1700 MCs; 2 RF sampling probes calibrated 
40 db below main line power; 150 KW average; 30 megawatts peak power. All 
this in a package 1/10th the size of previous compact waveguide couplers. 
Additional sampling probes are available with only slight increases in length. 

Write us or call, outlining your specifications in terms of frequency range, 
power level, coupling attenuation, and type of waveguide for L through X 
band couplers. 

Regional offices— Northeast Area (Connecticut Plant) Farmington; Industrial Park. Farmington, 
Conn., Area 203,677-9771; Middle Atlantic Area (Headquarters) 1445 Research Blvd. Rockville, 
Md., Area 301,762-1234; West Coast Area (Regional Office) 117 E. Providencia Ave., Buroank, 
Calif., Area 213,849-3961. 

Microwave Devices, Inc. 
SUBSIDIARY , F 

CORPOIATION• 

-by 

Translations 

On the Principles of Constructing a 
Digital Logical Machine 

A. O. Stogniy . Academy of Science of the 
:jirrainion Socialist Republic, Kiev. 1962. 4 pages. 
62-11759. Price $0.50. ( OTS) 

Magnetic Elements of Computer 
Engineering Equipment 

Collection of articles. Edited by S. A. Lebedov, 
Academy of Sciences, USSR. Moscow 1961. 62-
11734. Price $4.00. ( OTS) 

Growth of Crystals, Vol. 3 

Contains papers read by Soviet crystallog• 
rophers at the Second All- Union Conference on 
Crystal Growth, held in Moscow, March 23-April 
1, 1959. Edited by A. V. Shubnikov and N. N. 
Sheftal. Published 1962 by Consultants Bureau 
Enterprises, Inc., 227 West 17th St., New York 
I I N Y. 380 pages. Price $25.00. 

Governmental Publications 

Orders for reports designated ( OTS) 
should be addressed to the Office of Tech-
nical Services, U. S. Dept. of Commerce, 
Washington 25, D. C. Make check or 
money order payable to: "OTS, Dept. of 
Commerce." OTS reports may also be 
ordered through the Dept. of Commerce 
Field Offices. Prepayment is required. 
Use complete title and PB number for 
each report ordered. All other reports may 
be ordered from the Supt. of Documents, 
Government Printing Office, Washing-
ton 25, D. C. 

Nuclear Radiation Damage to 
Transistors, Vol. 1—Permanent 
Damage 

By R. Puttcomp, Diamond Ordnance Fuze Lab-
oratories. Nov. 1961. 161 pages. AD 270 264. 
Price $2.75. ( OTS) 

Evaluation of DOFL Transistors 
Employing Concentric Ring Geometry 
By J. Vonderwall, Diamond Ordnance Fuze Lab-
oratories. Oct. 1961. 13 pages. AD 266 472. 
Price $0.50. 

Functional and Design Problems of 
the NBS RF Voltage Bridge 
By L. F. Behrent, National Bureau of Standards, 
U.S. Dept. of Commerce. Jan. 1961. 47 pages 
PB 161 624. Price $ 1.03. ( OTS) 

Survey of Fuel Cell Development 
With Emphasis on Maritime 
Applications 
By S. C. Y. Chen and W. Marks, Stevens Insti-
tute of Technology, for U.S. Maritime Adminis• 
trat'on. Sept. 1961. 50 pages. PB 181 101. Price 
$1.25. ( OTS) 

Federal Funds for Science X, 
Fiscal Years 1960, 1961, and 1962 
National Science Foundation Repot.. P- ice $0.75. 
(Supt. of Doc.) 

Handbook Preferred Circuits, Vol II, 
Semiconductor Device Circuits 

NAVWEPS 16-1-519-2, issued April 1, 1962. 178 
pages. Prepared by the Nat'l Bureau of Stand-
ards, U. S. Dept. of Commerce, for the Bureau of 
Novo) Weapons, U.S. Dept. of Navy. Price $ 1.75 
(Supt. of Doc.) 
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Actual Size 

D-6303 

*Improved leakage resistance guaran-
teed after 250 hours Life Test at 85:C 
in accordance with EIA RS198. 

For immediate delivery of industrial 
quantities, at factory prices, contact your 
local Centralab Industrial Distributor. Ask 

for UK series. 

FIELD-PROVEN 

DEPENDABILITY 
WITH CENTRALAB ULTRA-KAPS' 

SEMICONDUCTOR CIRCUIT 
CERAMIC CAPACITORS 
ULTRA-KAPS . . . the original low voltage, high capacity 
ceramic capacitors arc manufactured under Centralab pat-
ents. With years of production experience behind them, these 
units are dependable- in rating, in performance, in delivery. 

Ultra-Kaps are exceptionally reliable. Electrical failure 
is virtually unknown among the millions of units now in the 
field. 

They exhibit no deterioration of leakage resistance after 
Life Test with excellent temperature stability from -,- 55°C 
to +85°C. 

Compared to papers or electrolytics of equivalent values, 
Ultra-Kaps offer the important advantages of smaller size, 
higher reliability and easier production handling. For addi-
tional information, write for Engineering Bulletin El' 1245R. 

20 Volt Ultra-Kaps - Rating: 
-20%. Dissipation factor at 

Capacity, mF 
Maximum Diameter, inches 
Min. Leakage Resistance 

16 Volt Ultra-Kaps -Rating: 
-20%. Dissipation factor at 

Capacity, mF 
Maximum Diameter, inches 
Min. Leakage Resistance 

10 Volt Ultra-Kaps - Rating: 
-20%. Dissipation factor at 

Capacity, mF 
Maximum Diameter, inches 
Min. Leakage Resistance 

20 VDCW, Tolerance: +80% 
1 KC: 10% maximum. 

.05 .1 .2 

.408 .590 .844 
400K 200K 100K 

16 VDCW, Tolerance +80% 
1 KC: 10% maximum. 

.05 .1 .2 

.408 .590 .844 
600K 300K 150K 

10 VDCW, Tolerance: +80% 
1 KC: 10% maximum. 

.05 .1 .2 .47 

.290 .408 .590 .844 
400K 200K 100K 50K 

3 Volt Ultra-Kaps -Rating: 3 VDCW, Tolerance: GMV. 

Cap. 
Mfd. 
(uF) 

Max. 
Diam. 

Dissipation Minimum 
Factor Leakage 

Max. - 1KC Resistance* 

.005 

.01 

.02 

.1 

.22 

.47 
1.0 
2.2 

.120" 

.120" 

.120" 

.220" 

.290" 

.408" 

.590" 

.844' 

10% 
10% 
10% 
10% 
5% 
5% 
5% 
5% 

30K 
30K 
30K 
12K 
8K 
3K 
2K 
1K 

THE ELECTRONICS DIVISION OF GLOBE•UNION INC. 
9384 E. Keefe Avenue • Milwaukee 1, Wisconsin 

In Canada: Centralab Canada, Ltd., P.O. Box 400, Ajax, Ontario 
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HOW TO GET 2 MINUTES TIME DELAY 
WITH 1% ACCURACY 

HERE'S AN ADVANCED DESIGN that uses al-
ternate positive and negative volt-second signals to 

pulse an Orthonol® core to produce time delays up 
to 2 minutes with 1% accuracy. Key to extreme 
accuracy in this bi-directional trigger technique: 
the nearly ideal rectangular loop characteristics of 
Magnetics Inc.'s Orthonol® that permit switching 
sharply from the unsaturated to the saturated state. 

What makes the circuit superior to mechanical de-
vices, commonly used r-c circuits or magnetic core 

circuits of the past? Just this. Trigger pulses can 

come from any constant frequency source. The cir-

cuit is symmetrical; hence, compensating for effects 
of variations in temperature, voltage and frequency. 

And because the circuit features solid state devices, 
high reliability is assured. 

Useful for electronic counters and timers where 
accuracy and reliability are paramount, the circuit 

can also be applied to converting low level analog 
signals to frequency signals. By using the storage 
capacity (volt-second capacity) of the Orthonol® 

core, high sensitivity for any desired frequency 
range can be achieved. 

For specific information about this circuit and the 

Magnetics Inc. cores that make it possible, write to 

31agneties fm., Dept. FI-1, Butler, Pa. 

MIIGRETICS inc. 
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GLASS 
REEDS 
TOO 

SHOULD BE CRADLED 
NOT SQUEEZED 

NO EPDXY POTS FOR REED RELAYS! In Wheelock 
Reed Relays, the glass reed switch is safely cradled and 
locked in the cavity of a shock-absorbing, nylon frame. 

Wheelock does not encapsulate the glass reed in epoxy 
for this reason: When epoxy hardens, curing stresses 
are transmitted to the fragile reed switch, often chang-
ing its operating characteristics. .. sometimes fractur-
ing the glass envelope! Other advantages offered 
by Wheelock? 

ACTUAL 
SIZE 

Reed leads are pre-cut, pre-bent and pre-positioned at 
no extra charge. Why do this job in your plant and 
risk changing the electrical parameters by as much as 
30%. Why risk breaking fragile reeds? 

YOU specify the reed switch you want . . . the one with 
characteristics to match roua requirements 

Write for Catalog describing Wheelock Reed Relays — 
a complete line of 1 to 4 pole models. Wheelock Signals, 
Inc., 273 Branchport Ave., Long Branch, N. J. 

(1) Reed safely cradled & locked — no epoxy — no 
curing stresses. (2) Leads firmly anchored by 
adhesive. (3) Leads pre-cut & pre-positioned. 

LONG BRANCH, N. J. 



DROPOUT 

PROTECTION 

MINCOM SERIES CM-100 RECORDER / REPRODUCER 

Data loss from dropouts is practically eliminated in the CM- 100, due to this unique system's 
predetection recording capability. In ordinary post- recording, a dropout more than 6 db down is gen-
erally considered a data loss; the CM- 100's operational predetection performance retains such 
signals through superior phase characteristics and extended bandwidth. Mincom's CM-100 

Recorder/Reproducer, performing longitudinal recording with fixed heads up to 1.5 mc at 120 ¡ Ps, 
also offers 7 or 14 tracks, trouble-free dynamic braking, complete modular plug-in assembly, built-in 
calibration, instant push-button selection of six speeds. Versatile, reliable, a model of simple main-

tenance and operation, the CM- 100 is tops in its field. Write today for detailed specifications. 

fin rflincom Division 
Los Angeles 25, California • Washington 4, D. C. 
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AFTER 
USING 
CONVENTIONAL 
TECHNIQUES 

USING 
MODERN 
SYNTHESIS 
TECHNIQUES 

FREQUENCY 

Burnell advances the state of the art 
with three new filter families 

If you are concerned with new systems development, and 
would like to take advantage of advanced technology and 
the kind of sophistication that will improve transient re-
sponse and eliminate obsolete circuitry . . . then here are 
three new filter families, that have advanced the state of the 
art, which you can immediately incorporate in your net-
work designs — exclusive from Burnell. Call or write today 
for literature and technical assistance. 

Burnell offers the most complete line of communications net-
work components available to the electronics industry, with 
a versatility of experience unmatched in the production of 
filters, delay lines and toroids for interpretation of complex 
signals. Burnell will custom design filter networks to your 
specifications which may include special delay, attenuation, 
and transient response, involving precisely specified rise 
time, overshoot and ringing. 

o 
ZERO PHASE FILTERS 

I Impedance 1000 ohms/Grid 400 cps Center 

ATTENUATION & PHASE CHARACTERISTICS 

OP SERIES OP400 L OP400 OP400 H 

Pass Band (3 DB) 

Harmonic attenuation 
2nd harmonic and all higher frequencies 

-±20 cps -±20cps -±-20cps 

50 DB 
Harmonic attenua-
tion (2nd) >15 DB >25 DB 

Harmonic attenua-
tion (3rd) >40 DB >60 DB 

Max. phase 7E20 cps ±1° +1' +1° 

Max.phase ±30cps ±5* 

Phase shift at 
Center Frequency 0±½° 0.4- 1h. 13* -1-1/2° 

Gain = UNITY UNITY UNITY 

60 cps equivalent f'Iters are also available having 
a pass band of + 5% with phase of + P. 

For the Servo Engineer . . . 
By specifying Burnell's new line of Zero Phase 
Shift networks, it is possible to recover, with-
out phase shift, the fundamental frequency 
from any periodic wave form without using 
complex squaring circuitry. This advance-
ment in the state of the art is accomplished 
by combining zero phase shift in the vicinity 
of the center frequency — with high attenuat-
ion in the stop bands. 

e 
LOW PASS FILTERS WITHOUT DISTORTION 

This family of filters is designed with modern 
synthesis techniques to have specified tran-
sient characteristics such as fast rise time, 
low overshoot and ringing. 

60/3 DB Shape Factor Ringing (over/undershoot) 

2:1 <5% 

3:1 <2% 

4:1 <1% 

&esee,cgw. 
PIONEERS IN microminiaturization OF TOROIDS, 

FILTERS AND RELATED NETWORKS 

EXECUTIVE OFFICE 
AND PLANT 

DEPT. EI-31 
PELHAM, NEW YORK 

PELHAM 8-5000 
TELETYPE PELHAM 3633 

e 
This is part of a family of constant delay band 
pass filters of unusual characteristics, far 
example: 
1—Group delay is constant well into the stop 

band! 
2—Matched delay—as an example of delay 

matched band pass filters, we have pro-
duced a set of four filters having the 
same band widths of 500 cycles at 11/2 DB 
with center frequencies ranging from 680 
cycles to 2720 cycles; having a 20 DB 
band width of 710 cycles with group de-
lay constancy of -±31/2% over the pass 
band and between channels. 

3— Constant flat delay band pass filter. 

Frequency Attenuation 
5210 cps to 8336 cps < .5 DB 
1,000 cycles & below >20 DB 
10,000 cycles & higher >20 DB 

Delay: Group delay constant + 1% from 3,500 cas 
to 9,900 cps. 

Copyrighted 1962 

PACIFIC DIVISION 
SOUTH PASADENA, CAL. 
MM. IN CANADA 
BY EDO (CANADA) LTD. 
CORNWALL, ONT. 
WELLINGTON 2-6774 

SUBSIDIARIES: Gray & Kuhn, Inc., Pelham, New York • GIP Electronics, Inc., Bristol, Conn. 
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TODAY'S PILOTS 
SEE FROM TAKEOFF TO TOUCHDOWN 
WITH HUGHES t TONOTRON TUBES 

Fighter-bomber pilots rely on Hughes Tonotron* 
direct-view storage tubes to get them to the target 
and back. Instant information is provided continu-

ously for pilot use by AUTONETICS' R-14 NASARR 
monopulse radar system. 

Cockpit presentation of radar data is made on the 
Hughes family of H-1010 Tonotron tubes in an easy-
to- read, visual display. 

Hughes Tonotron tubes prove ideal for optimum, 
high- resolution display of radar information. These 

rugged and reliable storage tubes have a built-in 
brightness which makes reading easy even under 
difficult light conditions. And their controllable per-

sistence permits storage of half- tone displays for ex-
tended periods, or instantaneous erasure, if desired. 

Product of over 10 years' experience in storage tube 
design and development, today's Hughes Tonotron 
tubes are a result of the complete integration of 
capabilities from research through manufacturing 
—our guarantee of your satisfaction. 

Need help on your display problems? Call, wire or 
write today: HUGHES STORAGE TUBES, 2020 Short 

St., Oceanside, Calif., Area 714, SAratoga 2-2101. 

For export information, write: Hughes International, 
Culver City, California. 

Century-series pilots train 
aboard T-39B in using R-14 
NASARR. Radar modes in-
clude: ground-mapping, con-
tour-mapping, terrain avoid-
ance, air-to-ground, air-to-air 
search, attack. 

Creating a new world with Electronics 

HUGHES 

HUGHES AIRCRAFT COMPANY 

VACUUM TUBE PRODUCTS DIVISION 

*Trademark Hughes Atrcraft Company 
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new 
PLUG & SOCKET CONNECTORS 

'LOW COST 

RELIABILITY 
'UNLIMITED 
APPLICATIONS 

...provide compact packaging of electronic 
circuitry in communication equipment, vending 
machines, data processing, test equipment, and 
other automated applications. Maximum concen-
tration of contacts provided in minimum space. 
If you're designing around printed circuits or 
require a low cost yet reliable connector, then 
CONTINENTAL's new plug and socket units are 
ideally suited to your needs. For additional tech-
nical data or application to your requirements 
write Sales Department, Continental Connector 
Corporation, 34-63 56th Street, Woodside 77, New 
York or phone (212) TW 9-4422. 

OTHER CONFIGURATIONS AND CONTACT ARRANGEMENTS 

DIP 
SOLDERING 

[PHENOLIC 
!MOLDING 

POLARIZED 

WIRE 
WRAPPING 

MICRO- MINIATURE • SUB- MINIATURE • MINIATURE • PRINTED CIRCUIT • RIGHT ANGLE PIN & SOCKET • CENTER SCREWLOCK 

CONT 
co 

ENTAI 
ECTORS 

CON TINENTAL CONNECTOR CORPORATION • WOODSIDE 77, NEW YORK 
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this is 
the Brush 
Mark II ... 
anyone 
can 
plug 
it in 

put it 
in writing 
anywhere 

1111RILTSH INUTIRUM 
avo.o. or Clatv,.• C0•11.1...• 

There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 
that can be operated by anyone . . . in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 
crisp, easily reproduced readouts is "built-in". The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 
with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 
Ink or electric writing models. Immediate shipment from stock. 

&rush INSTRuNIENIrs 

W V:)«) )  

37TH AND PERKINS 

DIVISION OF 

CLEVITE 
COMPOM•T.0.1 

CLEVELAND 14, 01-110 



rr e^N nc 11WEM 
Coming Next Month 

OSCILLATOR FREQUENCY CONTROL BY LOGIC SWITCHING 

Many electronic system designs must use circuits with 
an input of any of several oscillation frequencies, and in 
which the frequency change can be automatically initi-
ated by a control signal. However, the ability to change 
frequencies usually requires large amounts of circuitry. 
This article proposes a simple method of automatically 

doing the job. It makes use of a logic control to actuate 
three logic switches that determine the output frequency. 
The logic control may be any device such as a relay, a 
gate circuit, or a tape-controlled stimulus. The three 
logic blocks, which may be any logical switch, permit the 
desired frequency elements in the loop to be selected. 

DESIGNING A VARIABLE FREQUENCY MULTIVIBRATOR 

An astable multivibrator is a constant frequency square 
wave oscillator which can be used to operate pulse sen-
sitive circuits such as digital counters. It can also be 
used simply as a square wave oscillator. In most appli-
cations, the astable multivibrator is run at a frequency 

greater than 100 CPS and probably greater than 1 KC. 
This article describes the design and operation of a 
circuit for a 6 to 100 CPS variable frequency astable 
multivibrator whose frequency and waveshape are stable 
over wide temperature and voltage ranges. 

CONSTRUCTING BROADBAND R-F SWITCHES 

By using ordinary computer type diodes, it is possible to 
build broadband, r•f switches that can be turned on and 
off in a few nanoseconds, operating at frequencies up to 
and above a few thousand megacycles. This article pre-
sents the design considerations to do it. Below 2 GC, 
it is possible to achieve near ideal " switch like" char-
acteristics, i.e., less than 0.5 db insertion loss in the 
"closed" position, and as much as 90 db isolation in the 

THE SOLID-STATE CIRCUITS CONFERENCE 

Broad advances in the field of solid-state device appli-
cations and circuits will be covered in 53 papers by over 
90 specialists from here and abroad at this highly- re-
garded conference. As a special feature, we will highlight 
the papers which will be presented at each session. The 
general subject areas include digital memories, logic, 

PLUS ALL OTHER REGULAR DEPARTMENTS 

Our regular editorial departments are designed to pro-
vide readers with an up-to-the-minute summary of world 
wide important electronic events. Don't miss Radarscope, 
As We Go To Press, Electronic Shorts, Coming Events, 

MARCH 

IEEE Show 

"open" position. Above the 1 to 2 GC range, insertion 
loss of 1 to 2 db and isolation of 30 to 40 db are typical. 
Switching speed depends, of course, on driver circuitry. 
However, the inherent switching speed, limited by the 
switch itself, is about 10 nsec. Bandwidth of the switches 
over which these characteristics may be maintained is 
typically an octave or more. 

low-frequency circuits, microwave circuits, digital design 
techniques, linear circuits, integrated circuits, and opto-
electronics. At the conference, invited and tutorial speakers 
will cover high-frequency generation and amplification, 
transistor switching circuits, and solid-state sensing. 

late Marketing Statistics, Snapshots of the Electronic In-
dustries, El International, News Briefs, Tele-Tips, Books, 
Representatives News, New Products, Industry News, 
Personals, Systems and Circuits, etc. 

WATCH FOR THESE COMING ISSUES: 

*JUNE 

Annual All- Reference Issue 

-i-AUGUST 

WESCON Show Issue 
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The magnetron is not 

the most modern power generator. 

Yet, it plays a vital role 

in microwave electronics because it 

continues to be the smallest, most efficient, 

and most powerful oscillator available. 

It is also usually the least expensive 

MAGNETRON DESIGN ADVANCES have dealt more 

with technology than with new principles. This is a 

credit to its original concept. Increasing demands, 

however, for higher power at higher frequencies, for 

more frequency stability, and for more flexible tun-

ing systems have been difficult to satisfy. Magnetron 

technology has been heavily taxed to meet these re-

quirements. 

Until the development of the coaxial magnetron' a 

few years ago, it appeared that the margin between 

magnetron capability and system requirements would 

vanish entirely. The margin has been increased by the 

coaxial magnetron, however; and, design limitations 
are now found to be in other system components. Al-

though some have forecast its doom for more than 

five years, the magnetron not only remains with us 

—it is a part of our most modern weapons sys-

tems. 

The Mode Problem 
Attempts to realize higher power and higher fre-

quency with a magnetron have been thwarted by the 

Fig. 2 ( right): In the coaxial magnetron, alternate resonators 
are slot- coupled to stabilizing cavity which surrounds anode. 

Fig. 1 ( below): The rising - sun anode, left, and the strapped 
anode, right, are the most common methods of mode control. 

By ROGER LaPLANTE 
Products Manager 

S- F-D Laboratories. Inc. 
800 Rahway Avenue 

Union. New Jersey 

COAXIAL 

MAGNETRONS 

A NEW CLASS OF TUBES 

small physical size of its internal structure. The 

anode area becomes too small for the dissipation re-

quired—the cathode, too small for emission required. 

Increases in the size of the structure have been lim-

ited by the lack of adequate mode control. The 

plurality of modes or resonances which a magnetron 

anode can support has long been a dominant problem. 

The magnetron anode consists of a number of 

resonators disposed in a circle around the cathode. 

The use of larger numbers of resonators will en-

large the structure because these, being fixed in size 

by the frequency, will determine the anode diameter 

and therefore the amount of anode and cathode 

area.2 Mode control becomes more difficult as the 

number of resonators is increased. The two most 

common methods of mode control have been the use 

of strapped anodes and rising-sun anodes, Fig. 1. 
The object of these designs is to ensure that os-

cillation takes place in the z-mode. This requires that 
the r-f electric field across the vane tips of any reso-

nator is exactly out of phase with that on the ad-

MUMS PLOY 

AXIAL DI 5 TRIAUT ION 

/ OF FIELD MAGNITUDES 

Tio 11 MAGNETIC FIELD 

DIRECTIONS 

ELECTRIC FIELD 

ANTINOD1 

OUT MT VI NDO7 
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VANE RESONATORS 

TUNING PLUNGER 
AXIAL DISTRIBUTION 
OF FIELD tv1:.GNITUDES 

/ 

TE01 WAVEGUIDE 

(CIRCULAR) 

CATHODE 

POLE PIECE 

END HAT 

VANE RESONATOR 

OUTPUT COUPLING PL ATE 

Fig. 3: The inverted coaxial magnetron was developed to ex- control principle as the tube in Fig 2. Here, the coax-
tend the power and frequency range using the same basic mode ial magnetron is literally inverted to give structure shown. 
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Fig. 4: Comparison of strapped and coaxial magnetron anodes. 
Note that these anodes are for use at the same frequency. 

Fig. 5: Rising - sun and inverted coaxial magnetron anodes. 
Note that these anodes are for use at the same frequency. 

COAXIAL MAGNETRON (Continued) 

Fig. 6: The top pictLre is the spectrum of a coaxial magne-
tron; bottom is the current pulse which generated spectrum. 

jacent resonators. When this condition is met, there 

are 7r-radians of phase shift per resonator, hence the 

mode name. For an anode of N resonators, a total of 

N/2 r-f cycles of phase shift results around the anode 

circuit. Competing modes would have (N/2)-1, 

(N/2)-2, etc. r-f cycles of phase shift around the 

circuit, and when excited they result in oscillations 

at different, and lower, frequencies. 
Mode suppression techniques upset the anode 

symmetry required to support the competing modes 

but in a manner having the least disturbing effect on 

the fl-mode. Strapped and rising-sun anodes do this 

as follows. Straps connect alternate vane tips and 

pair off the resonators in a pattern that repeats it-
self N/2 times around the circuit. The rising-sun 

anode has large and small resonators which also 

form a pattern repeating itself N/2 times around the 

anode. The symmetry is therefore favorable for the 

rr-mode, but unsuited to other modes. When N be-
comes large enough, however, the small difference 

between (N/2) and (N/2)-1 makes the mode selec-

tion process marginal, and moding ensues. 

The Coaxial Magnetron 

The coaxial magnetron has neither straps nor 

large and small resonators, Fig. 2. Alternate reso-

nators are slot-coupled to a stabilizing cavity which 
surrounds the anode. This forms an N/2 cycle pat-

tern around the anode. The cavity is dimensioned so 

that it supports the TE0ii mode at the desired fre-
quency. The importance of the TEon mode in coaxial 

magnetrons warrants further comment on its proper-

ties.3 
I. Electric field lines are circular, and close on 

themselves. 
2. The r-f currents in the cavity walls are purely 

circumferential and have no axial components. 

3. The r-f current at every point on a circumfer-

ence circle has the same phase. 

4. The attenuation or loss of this mode is lower 

than for all others. 
The mode is also interesting because it has no 

counterpart in rectangular geometries. 
In the mode control process, r-f current on the 

inner wall of the stabilizing cavity flows into the 
slots of alternate resonators with the sanie phase. 

Since the impedance of the resonator at the slot, its 

normally shorted end, is low, there is a good match 

between resonator and stabilizing cavity. This cur-

rent establishes a 2ir radian phase shift between alter-

nate resonators. Adjacent resonators, because of 
mutual flux linkage with the slotted resonators, are 

strongly coupled 180° out of phase. This results in 
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1 

a z-mode field distribution. For competing modes 

(N/2)-1, (N/2)-2, etc., to be excited on the anode, 

modes other than TE011 have to be excited in the 

stabilizing cavity. 

Modes other than TEon can be supported in the 
stabilizing cavity because it is not the dominant 

mode. These can be suppressed with relatively little 

difficulty because of the differences between the prop-

erties of TEon and all other modes. For example, the 

TE011 mode is the only one which does not require 

current to flow across the corners of the cavity. The 

cavity wall can be broken at this point with no effect 

on the TEon mode but with strong damping effects 

on the other modes. 

This type of mode control is so effective that 

coaxial magnetrons can be made with larger num-
bers of resonators than have previously been used 

successfully. This has raised their power capability. 

Perhaps more significant, however, are the other 

properties which the stabilizing cavity imparts to 

the coaxial magnetron. Because straps or two dif-

ferent resonator sizes are no longer needed, the 

resonator can be designed for optimum efficiency 

rather than compromising between efficiency and 

mode control. The stabilizing cavity changes the 
energy storage distribution in the magnetron so 

that only 10% or so of the total stored energy is 
in the resonators, the bulk of it being in the cavity. 

Because of the large volume and low loss of the 

cavity, the unloaded Q's are increased by an order 

of magnitude. Circuit efficiency is also increased, 

although the addition of cavity losses to resonator 

losses would seem to contradict this. The elimination 

of straps, however, reduces resonator loss sufficiently 

to more than compensate for the cavity losses added. 

Further, the optimum resonator design which yields 

maximum electronic efficiency corresponds to re-

duced r-f electric field strengths for a given power 

level. This design cannot be used in conventional 

unstabilized magnetrons because of frequency stabil-

ity problems. Its selection here contributes to the 

high over-all efficiency of the coaxial magnetron. 

The Inverted Coaxial Magnetron 

As one proceeds to higher frequencies, the coaxial 

magnetron structure will also become smaller and its 

size will be a limiting factor although only at power 

levels higher than could be realized with conventional 

magnetrons. In a contract program'', the inverted co-

axial magnetron was developed to extend the power 

and frequency range using the same basic mode con-

trol principle. In this design, the coaxial magnetron i. 

inverted to give the structure shown, Fig. 3. 

The stabilizing cavity is in the structure center en-

closed by the anode, whose resonator vanes point 

outward instead of inward. The cathode surrounds 

the anode. Alternate resonators are slot-coupled to 

the cavity as in the standard coaxial magnetron. The 

operation and performance of the inverted magnetron 

are essentially the same, with one exception—the 

method of coupling the output power. In the stand-

ard coaxial magnetron, power is coupled via a slot 

in the outer wall of the cavity and is fed through 

an appropriate impedance transformer to standard 

rectangular waveguide. Power is coupled out of the 

inverted magnetron through one of the cavity end 

walls and is fed axially into circular waveguide which, 

as an extension of the cavity, is driven in the TE01 
transmission mode. 

Power 

The large number of resonators possible with 
coaxial magnetrons has increased the anode and 

cathode areas so that higher power is possible with-

out exceeding the specific anode dissipation and 

cathode emission current densities compatible with 

long life. A coaxial magnetron rated for 1.5 mega-

watts peak, 1000 watts average at 9.375 cc, has de-

livered 2.0 megawatts in the laboratory. This is rea-

sonable to expect. Fig. 4 shows a typical 16 resonator 
strapped X-band anode and an X-band coaxial mag-

netron anode with 40 resonators. Of particular sign-
nificance is the space available for the cathode. The 

strapped anode is normally rated at 250 kw and op-

erates at about 30 kv and 30 a. The coaxial anode 

operates at 33 kv and 83 a. 

The disparity in size is more striking between a 

22 vane rising-sun anode for 35 cc and a 120 vane 
inverted coaxial magnetron anode for the same fre-

quency, Fig. 5. The coaxial anode is from a coaxial 

magnetron, rated at 100 kw peak, 50 w average. The 

cathode used with the inverted coaxial magnetron is 
enormous by comparison, and operates at a lower 

emission current density than conventional mag-

netrons of comparable power at X-band. An in-

verted magnetron has generated 300 kw at 35 GC. 

Table 1 

Power Output Potential of Inverted Coaxial Magnetrons 

Frequency 

Band 

C-band 
X-band 
Ku-band 
Ka-band 
70 cc 

Power Output 

Peak Average 

5 meow 
3.5 meow 
500 kw 
200 kw 
60 kw 

5 kw 
3.5 kw 
500 w 
100 w 
20 w 

Voltage Efficiency 

35 kv 55% 
33 kv 50% 
25 kv 40% 
23 kv 30% 
15 kv 15% 
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COAXIAL MAGNETRON (Continued) 

Efficiency 

The best resonator design and the higher circuit 

efficiency possible with the coaxial magnetron in-

crease the overall efficiency considerably. Table 1 

shows typical efficiencies which can be expected at 

various frequencies. By comparison, the typical ef-

ficiency of X-band magnetrons ranges between 30 

and 40%, while coaxial magnetrons at X-band range 

between 45 and 55%. The higher efficiency adds, of 

course, to the power potential of these tubes by re-

ducing the dissipation and emission required for a 

given power output. The high efficiency is not real-

ized at the expense of pulling figure, which is possi-

ble in conventional magnetrons by overcoupling them 

to the load. 

Life 

Direct comparison of the life of coaxial and con-

ventional magnetrons is difficult because specifica-

tions requirements usually are different for the two. 

Broadly speaking, for the same operating require-

ments, the coaxial magnetron can have anywhere 

from 2 to more than 5 times the life of conventional 

magnetrons. At very high power levels, where con-

ventional magnetrons are marginal, comparisons are 

less meaningful. 

Field life data for the units operating at 100 kw 

peak, 25 w average at 35 cc after 5600 hours of r-f 

operating time with one failure, show a mean time 

between failures of 1860 hours with a 90% confidence 

level. 

Data on magnetrons, operating at 1 megw peak, 

900 w average at X-band, show no failures yet, but 

the maximum field operatinge time reported is only 

between 600 and 1000 hours. 

Pulling Figure 

The pulling figure, or variation of frequency with 

load mismatch, of coaxial magnetrons is lower by a 

factor of 3 to 5 than that of conventional magnetrons. 

The reason lies in the very high unloaded Q, or Qo, 

provided by the stabilizing cavity. This can be seen 

in the following exercise. If the coaxial magnetron 

were only required to have the same circuit efficiency 

as a conventional magnetron, the formula for circuit 

efficiency, 

e — 
1 

1 + 
Q. 

shows that the ratio Qe/Q0 (where Qo is the coupling 

or external Q) would have to remain the sanie. By 

having a Qo 10 times higher in the coaxial magnetron 

the Qo can be made 10 times higher. From the ex-

pression, 

PF = —kf 

the pulling figure is reduced by a factor 10. The 

circuit efficiency is normally made much higher in 

coaxial magnetrons so that the decrease of pulling 

figure is somewhat less. Lower pulling figures either 

result in a more stable system or, for a given stability, 

permit the system designer much more latitude in 

the choice or components for the antenna and trans-

mission line. Typical pulling figures at X-band are 

3 to 5 mc compared with 10 to 15 m c for conven-

tional magnetrons. 

Pushing Figure 

The pushing figure is lower by an order of mag-
nitude in coaxial magnetrons. Pushing, which is the 

variation of frequency with anode current, results 

from susceptance which the electron stream pre-

sents across the resonator. In conventional mag-

netrons, this is a very noticeable effect because the 

resonators are the frequency-determining elements 

in the magnetron. In coaxial magnetrons, their role 

has been transferred to the stabilizing cavity which 

becomes the frequency-determining element since 

it stores 90% of the total energy stored. The elec-

tronic susceptance has little effect therefore on the 

operating frequency. Typical X-band pushing figures 
are less than 20 xc per amp compared with some 

hundreds of KC per amp for ordinary magnetrons. 

The benefits of a lower pushing figure are im-

portant. Spectrum quality, that is, the spectrum band-

width and side lobe ratio, is determined by the com-

bination of pushing figure and the current pulse 

shape (disregarding other spectrum aberrations such 

as missing pulses, etc.). The normal desire to have 

the current pulse as rectangular as possible has been 

dictated by frequency pushing. Pushing can some-

times occur when there is ripple on the top of the 

pulse, but it always occurs on the leading and trailing 

edges of the pulse as the current rises to and falls 

from the operating current level. The edges of the 

pulse are thus periods during which energy is being 

delivered to the load at the wrong frequencies. This 

tends to smear the spectrum in a variety of ways. The 

flatness of the pulse top is often less significant be-

cause the pushing figure, which is usually not con-

stant over the current range, can be made very small 

at the operating current level, during the tube design. 

Pushing effects are more troublesome at long 

rather than short pulse lengths because of the width 
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of the spectrum, which varies inversely as the pulse 

length. Pushing during a 0.05 p.sec pulse may not 

result in spectrum distortion because the spectrum 

main lobe is about 40 Mc wide. During a 2 p.sec 

pulse, however, where the main lobe may be less than 

1 p.sec wide, the pushing effect can have a pronounced 

effect on spectrum shapes. 

Coaxial magnetrons, therefore, yield extremely 

good spectra with a minimum of care in pulse shap-

ing. Fig. 6, shows the spectrum and current pulse 

for an SFD-303 operating at 1.1 megw peak power 

at 9.375 cc. The marker amplitude is 10 db below 

the top of the main lobe. Bandwidth here is 0.7 rtic 

and the side lobe ratio is 14 db. Excellent symmetry 

is preserved in spite of the long fall time of the trail-

ing edge of the pulse. 

Weight 
A high power, pulsed, coaxial magnetron is always 

lighter than conventional magnetrons for a given 

power and life. For a given anode area, the larger 
anode diameter permits a smaller anode height and 

the magnetic gap can be reduced. The larger diam-

eter pole pieces with a small pole-piece separation 

form a more efficient magnetic circuit in which leak-

age factors are sharply reduced. Smaller magnets and 
smaller weight result. 

Because of its high power capability, the inverted 

coaxial magnetron is generally heavier than the 
lower power conventional tubes in the same fre-

quency band. Comparisons in weight between this 

structure and conventional magnetrons is difficult be-

cause no conventional magnetrons have the same 

power capability. As an example, however, a stand-

ard ICEM coaxial magnetron capable of more than 

100 kw peak at Ka-band would weigh about 20 

pounds. Recent developments will permit the reduc-

tion of this weight considerably. A 50 kw Ka-band 

magnetron in design now is expected to weigh 7 

pounds. 

Weight and life have to be considered together. 

A tube can generally be made smaller by designing 

it with higher dissipation densities. This in turn will 

reduce life. The weights which have been considered 

here are compatible with lifetimes in excess of 1000 
hours. 
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Fig. 7: This is the SFD - 303A; a 1.5 megawatt, X - band, coaxial 
magnetron. Pulse widths to over 2 microseconds can be used. 

Fig. 8 ( above): This coaxial magnetron, the SFD - 312, is eas-
ily tunable at 1 megawatt peak from 8.5 to 9.4 gigacycles. 

Fig. 9 ( below): The SFD - 301 is a fixed frequency Ka - band 
ICEM coaxial magnetron. Tunable versions are also available. 
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Reliable and fast global communicatio. 

are receiving more and more attention. 

A variety of skills are required 

for their design, not the least of which 

are complex mathematical techniques. 

Some of these concept 

are examined and illustratec: 

A DIGITAL DATA TRANSMISSION SYSTEM is a highly 

engineered electronic system. It consists of subsys-

tems and components through whose interaction the 

system becomes an operating communication net-

work. 

System components may be subdivided into three 

classes of functional elements. The first class includes 

message processors located at major switching or 

communications centers. The processors are of the 

magnitude of large-scale digital computers; they can 

be mobile or fixed plant installations. These com-

puters process messages arriving at, or leaving from, 

Fig. 1. The problem of finding link transmission capacities from 
given node topology and traffic requirements is illustrated. 
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a communications center. The data processing com-

puters must be connected to the outside world. This 

connection is accomplished by devices which have 

been given the generic term "embolic equipment." 

They serve the "interface" function of bringing data 

and messages into and out of the computer ; of trans-

lating or changing codes; of "encrypting" and "de-

crypting" ; and of other functions which must be per-

formed at the interface between computer and the 

human user. 

A second function performed at the communica-

tions centers involves message and data switching for 

the purpose of establishing circuits. Messages and 

data are routed from a source to a sink, from a mes-

sage injection point to its destination. Switching in a 

large system is an automatic function not one needing 

slow human operators. In this article, we shall deal 

with networks designed to do message or circuit 

switching. However, we should mention at least two 

other types of systems: point-to-point and store-and-

forward. All of these systems have common problems. 

some of which we try to illuminate here. 

The third functional element is the transmission 

device. Usual media over which such devices operate 

are metallic cables or the electromagnetic ether. A 

variety of means may be used to effect propagation 

of messages. Modulation methods, time division, and/ 

or frequency division multiplexing, are some of these. 

System Analysis 

A major job faced is the description of an existing 

systems function. Its characteristics or performance 

parameters, such as percentage lost calls ( messages), 

may be the object of such an analysis. 

By CARL HAMMER 
ont A; ; . cat . ns 

Radio Corp. of America 
1725 K Street, N.W. 
Washington 6, D.C. 
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A typical tropospheric scatter antenna diversity configuration. 

The first elements under scrutiny in a system are 

the links connecting its nodes. Each link can be said 

to possess a certain transmission capacity. A closer 

look at the performance of a link may establish that 

it is not always available. It may only be "on the air" 

eight hours each day, or it may be operative less than 
24 hours per day. This is due to electromagnetic ef-

fects, or ( random) equipment failures which require 

time for maintenance. 

In a far-flung network one must also look at thc 

system's ability to establish and disconnect the cir-

cuits required at its node switching capacity. Systems 

capable of switching messages or calls rapidly and 
without excessive delays use their links more effi-

ciently. Thus, the trend toward development of com-

plex, automatic switching equipment. 

A system parameter, which is often subjected to 

analysis, relates to traffic assignment. This terni ex-

presses ability of the system to look at the streams 

of messages going through its nodes, and to adjust 

direction and flow velocity of the streams such that 

no part of the system becomes overloaded. In a 

quiescent system, assignment of traffic is easily made. 

However, if parts, or the entire system, approach sat-
uration level, assignment becomes a critical variable. 

Modern systems operate for some time near or 

above saturation levels. This mode of operation leads 

to queuing of users and messages, to loss of calls 

because of user's impatience, and to increasing de-

lays. In a global system two saturation problems 

arise. 

The first has to do with local traffic peaks in the 

sense that small parts of the system operate near 

saturation level while other parts of the system are 

relatively quiescent. This behavior pattern in a system 

may be caused by the users' demands, or simply by 
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DIGITAL NETWORKS (Continued) 

existing time zones. For example, calls initiated in 

Europe and destined for the U.S. have different time 

peaks than those originating in the U.S. and destined 

for the Far East. The second problem is connected 

with routing and switching. Development of an op-

timum routing "strategy" may be the answer to the 

need of orderly (albeit random) system operation. 

This "strategy" would be in the form of a learning 

process from programmed traffic assignment. 

Traffic Routing 

Efficient assignment of message traffic is the main 

concern of traffic routing. Pertinent automatic equip-

ment establishes circuits from sources to sinks in an 

efficient manner, using a variety of devices. 

Traffic recorders at communications centers pro-

duce statistically useful outputs. These perturb rout-

ing doctrines and patterns according to predicted and 

observed demands. The doctrine cannot be executed 

by human beings, as it would lead to inefficiency, 

large average delays, and lost calls. Modern systems, 

therefore, use central computers at major centers. 

They are used to observe and assess the output of the 

traffic recorders and to adjust the (perturbed) local 

routing doctrine over short periods of time. Com-

puters are also used to predict future peak loads on 

the basis of past performance. Further, they transmit 

load estimates and control information to computers 

in other centers. This permits adjustment of overall 

routing doctrines according to demand loads. 

These operations will still be subject to interfer-

ence by human operators. Hence, displays must be 

available at every site. The human mind can recog-

nize unusual patterns, including those for which no 

provision in the computer program has been made. 
Therefore, the computer control program will be one 

that grows with experience. 

In a large system information concerning long-haul 

traffic must be transmitted from one computing cen-

ter to all others. Special data transmission links are 

provided between the major centers, more specifically 

between the computers themselves. The transmitted 

information will permit them to mutually adjust rout-

ing doctrines in line with present or future demands. 

A REPRINT OF THIS ARTICLE CAN BE OBTAINED 

by writing on company letterhead to 

The Editor 

ELECTRONIC INDUSTRIES 

Chestnut tr 56th Sts., Phila. 39, Pa. 

Traffic routing at a major center, over available 

trunklines, also involves network switching. The com-

puter can do this rapidly, thus time lost due to switch-

ing is reduced to a minimum. 

Traffic Recorder 

What kind of information may be needed by the 

central computers and what information should, 

therefore, be observed and made available for analy-

sis can be found. The device that performs this func-

tion at local centers is called a traffic recorder. Such 

recorders could be installed even in secondary nodes 

and could transmit their information over special 

data control links to the major centers. Among the 

items assessed by the traffic recorders should at least 

be the following: 

Local Call or Message Delay, either average or 

delay distributions arising at the time of demand 

for a line. 

Local Call or Message Counts, made over fixed 

time intervals to determine the number of calls 

answered by local operators. Also the number of 

lost calls not answered by operators due to the 

users' impatience. In case of store-and-forward 

systems, messages are sometimes delayed in que-

uing; even lost due to low priority. 

Service Delay, experienced by the user following 

his access to the local line. 

Trunk Delay, incurred by a customer wishing to 

make a long-distance call. 
Number of Trunk Calls, completed or lost over a 

fixed time interval. 

Trunk Usage, the average trunk occupancy (a 

fraction less than or equal to unity) which is af-

fected by (wasted) disconnect time. 

Systems Synthesis 

Global networks are necessary and must be de-

signed according to stated specifications. Synthesis of 

such systems is a complex problem. 

For example, a simple case may be discussed. 

Given is a matrix which expresses connectivity be-

tween various nodes of the system. This matrix [ C] 

is also known as the incidence matrix. It states where 

there exists a link between two nodes, and where no 

links exist. 

Further, there may exist requirements for trans-

mission between some of these nodes. These needs 

will include data transmission between nodes that 

are not directly connected but that can be connected 

by making a circuit of existing links. Transmission 

requirements are written, again, in matrix form: [R]. 

These must be assigned to the links which are chosen 

to make the required circuits. Thus, one can establish 

98 ELECTRONIC INDUSTRIES • January 1963 



transmission needs for individual links by adding up 

the assigned transmission needs between stated nodes. 
All of this work resolves into pseudo-operations on 

the connectivity and requirements matrices. expressi-
ble by L = C X R. 

A system designed on such a basis appears as a net 

with permanently switched channels and circuits. It 

satisfies all the requirements made between primary 

nodes. The next question is, how to optimize these 

assignments. Should one optimize them over the 

shortest available routes or should one optimize them 

so as to achieve a balanced traffic system? Answers 

are provided by such methods as operations analysis 

and linear programming. They require deep mathe-

matical thought. 

The over-designed system is sometimes referred 

to as the " Standard Reference System." It may be 

reduced in scope by allowing ( i) queuing at the 

nodes, ( ii) a stated percentage of lost messages, ( iii) 

a permissible level of delays. Such systems in tele-

phone terminology are referred to as P and T engi-

neered systems. Any permissible reduction of the link 

transmission capacity will also lower the system's 

cost. How far this reduction can be carried, e.g., how 

much queuing the users are willing to put up with is 

again a problem. 

Illustrative Example 

Fig. 1 illustrates the problem of finding link trans-

mission capacities from given node topology and 

traffic requirements. The first diagram shows a sys-

tem of four nodes, arranged in a square, with one 

diagonal connection. Equivalent incidence matrix to 

this topology is shown to the right. It is a 4 x 4 

matrix with two zero-entries. Diagonal elements of 

this matrix need not be expressed; they may be as-

sumed one-s since every node is connected to itself. 

Fig. 2. Drawing illustrates the elements of a global communications network. 
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DIGITAL NETWORKS (Concluded) 

Now suppose that traffic requirements are as 

shown in the next diagram. For example, it is re-

quired that four channels be available between nodes 

2 and 3. This traffic must be routed over either nodes 

1 or 4, or in equal or unequal parts over both. The 

requirement matrix is shown to the right of the sec-

ond diagram; it has no zeros. 

We must make the link assignments by performing 

suitable pseudo-operations on matrices C and R. We 

add the channel requirements for all links having a 

direct connection. To this sum we add the distributed 

traffic arising from requirements between non-con-

nected nodes. This sum expresses the needed link 

capacity for existing links, as shown in the node 

topology. No link capacity can exist on those links 

which do not connect primary nodes. In particular, 

no traffic, for the topology shown here, may be as-

signed to the non-existing link between nodes 2 and 

3. Therefore, the final link matrix L shown to the 

right of the third diagram has zeros in the respective 
two positions. Assuming unidirectional traffic we 

shall split up the channels equally from, and to, con-

nected nodes. For example, the total of six channels 

required between nodes 1 and 2 is shown in the 

matrix as three channels between nodes 1 and 2, and 

three channels between nodes 2 and 1. 

Mathematical tools of this nature and more refined 

methods are used today to assist with the synthesis 
and design of large-scale systems. 

Applications 

Applications of large-scale, high-speed digital com-

munications systems are found in both the commer-

cial and military worlds. Some such systems already 

exist; others are in the planning stage. Existing sys-

tems are still in the rudimentary state while the pro-

posed systems are given a great deal of attention, 

especially with regard to cost, use, and efficiency. 

$$$ for Circuit Designs 

Have you come up with any simple or unique circuit 
designs lately? Do you think that they would be useful 
to fellow engineers? If so, why not send them to us for 
possible publication? We pay our usual space rates for 
those accepted. Please keep them as concise as possible 
and send to: Circuit Design Editor, ELECTRONIC INDUS-
TRIES, 56th & Chestnut Sts., Philadelphia 39, Pa. 

Fig. 2 illustrates the elements of a global network 

which consists of leased telephone lines, microwave 

links, submarine cables, landlines, and tropospheric 

scatter links. Topology of this system is not compli-

cated. The system has only two minor loops, one in 

the U. S., the other in Canada. Even so, analysis 

of such a simple system turns out to be a formidable 
task. One must establish the need for each link; look 

at signal deterioration over each; and establish cri-

teria for permissible message degradation over suc-

cessive links which are connected in tandem. 

Transatlantic cables, for example, are only designed 

to carry ( multiplexed) telephone traffic. However, 

the large number of channels in each cable permits 

digital data transmission at high rates. In this man-

ner, for example, digitalized traffic can be assigned 

to the transmission of live or taped TV programs, 

albeit at a high cost. Increasing needs for such traffic 

will cause expansion of existing systems to provide 

greater channel capacities at higher digital rates. 

Plans are now being made to develop new links 

capable of handling traffic in the megabit rate. 

The Future 

Developments we have talked about are reality. 

Systems of this magnitude are in the design stage. 

Equipment capable of handling traffic at high rates 

will become available in a few years. The communica-

tion industry today is in a position similar to that of 

the data processing industry ten years ago. Volume 

of traffic over existing networks is beginning to choke 

the lines. 

Global nets are faced with the need for accepting, 

processing, switching, routing, and delivering of traf-

fic at a high rate. One of the transatlantic cables, for 

example, is capable of carrying 96 telephone conver-

sations simultaneously, or binary message traffic up 

to 384,000 bits/sec. Even so, crudest estimates indi-

cate that in ten years the demand will be at least one 

hundredfold that of today. Introduction of wideband 

tropospheric scatter links, of satellite and microwave 

relays where possible, will possibly solve the trans-

mission problem. Development of faster, general-

purpose, real-time computers capable of handling the 

switching and routing problems will give us the re-

quired control over traffic flow. 

The similarity between the computer industry of 

ten years ago and the communication industry of 

today is not a mere coincidence. Rapid progress of 

our technology causes an explosion in engineering 

requirements everywhere. Man's need to communi-

cate will increase as his ability to change and create 

his own environment improves. 
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1962 ELECTRONIC MARKETS 

CONSUMER GOODS 2,300,000,000 
MILITARY & GOVERNMENT 7,600,000,000 

INDUSTRIAL 2,400,000,000 

REPLACEMENT PARTS 800,000,000 

13,100,000,000 

For the first time, we are listing the factory sales figure for "Consumer 
Goods." Previously, we published retail sales figures, which would be 
some 50% higher. 

Type 

Monaural 

Stereo 

PHONOGRAPH SALES-1962 

Factory Sales (units) Retail Sales (units) 

1,100,000 1,200,000 Transistors 

3,200,000 3,350,000 Rectifiers/ Diodes 

1962 

ELECTRONIC INDUSTRY 

STATISTICS 

SEMICONDUCTOR SALES-1962 

Factory Sales Factory Sales $ 

250,000,000 290,000,000 

388,000,000 188,00(1,000 

VITAL TELEVISION STATISTICS 1946-1962 

Total Total 
Receiving Tubes Total TV AM-FM-TV TV Sets At 

Total TV Sets Used in New TV Sets Picture Tubes Receiving Sets TV Stations in Use Close 
Manufactured and for Replacements Manufactured Manufactured on the Air in U. S. of 

Number Retail Value Number Retail Value Number Retail Value 

1946 10,000 5 5,000,000 350.000 5 588.000 20,000 5 1,000,000 14.010.000 5 8,000 1946 
1947 250,000 100,000.000 8.500.000 15,000.000 300,000 15.000.000 17.250.000 20 230,000 1947 
1948 1,000,000 350,000.000 32.200.000 53.000.000 1.500.000 75.000.000 17.000.000 44 1,000,000 1948 
1949 3,000,000 950.000.000 87,000,000 146,000,000 3.500,000 210.000.000 13.000.000 100 3.800,000 1949 
1950 7,500,000 2.700,000,000 225.000.000 378,000,000 8,000.000 400.000.000 22.100.000 107 10,500,000 1950 
1951 5,600,000 2,100,000.030 161,000.000 270,000.000 6.000,000 300.000,000 19,100.000 108 15,750.000 1951 
1952 6.300.000 2.360,000,000 168.000,000 380,000.000 6,500,000 260,000.000 16.300.000 123 21.800,000 1952 
1953 7,300.000 1,675,000.000 210.000.000 400,000,000 9,000,000 360.000.000 20.700.000 350 28.000,000 1953 
1954 7.300,000 1,278,000,000 215,200,000 409.000,000 10,300.000 360.500.000 17,700.000 415 33.000.000 1954 
1955 7,800,000 1,263,600.000 220,000,000 407,000,000 10.600.000 371.000,000 20.000,000 457 39,400.000 1955 
1956 7,500,000 1,237,500.000 200,000.000 400,000.000 11,000,000 318.000,000 21,900,000 491 42.300.000 1956 
1957 6,500,000 1,270,000.000 175.000,000 371.000.000 10,000.000 340.000,000 22,000.000 519 45.500.000 1957 
1958 5,300,000 912,000.000 128,000,000 270.000.000 8,200.000 332.000.000 18,350.000 570 50,000.000 1958 
1959 6.200.000 1,070,000.000 150,000.000 319.000.000 9,500,000 368.550.000 21.500,000 554 53,500.000 1959 
1960 5,900,000 1.020.000.000 159.000.000 399.000.000 8.500,000 329,000.000 22,800,000 583 57.000.000 1900 
1961 6,200.000 1,080,000.000 162.000.000 412.000.000 9.100,000 350.000,000 22.000.000 599 60.000.000 1081 
1962 6,800,000 1.150.000.000 177,000,000 450.000.000 9.050.000 348,000.000 24.000.000 624 62,000,000 1882 

1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 

U. S. PRODUCTION OF RADIO SETS-1922 TO 1962 

Total Radio Sets Total Receiving Tubes 
Manufactured Manufactured 

Number Retail Value 

100,000 
550,000 

1.500,000 
2,000,000 
1,750,000 
1,350,000 
3,281,000 
4,428,000 
3,827,000 
3.420,000 
3.000,000 
3.806,000 
4,084.000 
6,026,800 
8.248.000 
8,064,780 
6,000.000 
10,500,000 
11,800,000 
13.000,000 
4.400.000 

500.000 
14.000,000 
17.000,000 
14.000,000 
10.000.000 
14.600.000 
13.000.000 
10,000.000 
13.400.000 
10.000,000 
14.400.000 
14.000.000 
15,500,000 
12.550,000 
15.300,000 
16,920,000 
17.000,000 
18.200,000 

5 5,000,000 
30.000.000 
100.000.000 
165,000.000 
200.000.000 
168.000.000 
400.000.000 
600.000.000 
300,000.000 
225.000.000 
140,000.000 
180,500.000 
214,500.000 
330,192.480 
450.000.000 
450,000.000 
210.000.000 
354.000.000 
450.000.000 
460.000.000 
154.000,000 

20.000.000 
700,000,000 
800,000.000 
600,000.000 
500.000,000 
721,000,000 
605,000.000 
500,000,000 
536.000,000 
400.000,000 
559.000.000 
553.000.000 
603,000,000 
468,000,000 
548,000.000 
606.000.000 
610.000,000 
654,000,000 

Automobile Sets 
Manufactured 

Number Retail Value Number Retail Value 

1.000,000 
4,500.000 
12,000.000 
20.000.000 
30.000,000 
41.200.000 
50.200.000 
69.000000 
52.000,000 
53,000.000 
44.300,000 
59.000.000 
58.000.000 
71.000.000 
98.000.000 
91.000,000 
75.000.000 
91.000.000 
115,000.000 
130,000,000 
87,700.000 
17,000.000 
22,000.000 
30,000,000 
190.000.000 
220,000.000 
200,000.000 
190.000,000 
383,000,000 
430.000,000 
330,000.000 
410.000.000 
400.000,000 
481.000.000 
465.000.000 
450.000.000 
330.000.000 
430.200.000 
456.000,000 
362.000,000 
365,000.000 

6,000.000 
12,000,000 
36,000.000 
48,000.000 
58,000.000 
67,300.000 
110,250.000 
172,500.000 
119,600.000 
69,550.000 
48,730.000 
49,000.000 
36,600.000 
50,000.000 
69,000.000 
85.000.000 
93.000.000 
114,000.000 
115,000.000 
143.000.000 
94,000.000 
19.000.000 
25,000.000 
35,000.000 
200,000.000 
260,000.000 
230,000,000 
350.000.000 
644,000.000 
640,000,000 
740.000.000 
920,000.000 
880.000.000 
852,000.000 
906.000,000 
882,000,000 
729,000,000 
731,700.000 
830.000.000 
656.000.000 
624,000,000 

34,000 
108,000 
143,000 
724.000 
780,000 

1,125,000 
1.412.000 
1.750,000 
800.000 

1.200.000 
1.700.000 
2.000,000 

350.000 

$ 3.000,000 
5,940,000 
7.150.000 
28,598,000 
28.000,000 
54.562,500 
69,188.000 
87,500,000 
32.000.000 
48.000.000 
60,000,000 
70.000.000 
12,250.000 

1.200,000 72,000.000 
3.200.000 194.000,000 
4,100.000 293.000,000 
3.500.000 240.000,000 
4,760.000 248.000.000 
4.800.000 255.000,000 
2.750,000 148.000,000 
4,800.000 250,000.000 
4,300.000 220.000,000 
6.900.000 346,000.000 
5.000.000 258.000.000 
5.500,000 303.000.000 
3.570,000 193.000,000 
5,620.000 304.000,000 
6.480.000 350,000,000 
6,200,000 335.000,000 

Households Total 
Auto with Radio Sets 
Sets Radio In Use 

in Use Sets in U. S. 

Number Number Number 

260,000 400,000 1922 
1,000.000 1.100,000 1923 
2,500.000 3,000,000 1924 
3,500.000 4,000.000 1925 
5.000,000 5,700,000 1926 
6.500.000 7.000.000 1927 
7,500,000 8.500.000 1928 
9,000,000 10.500.000 1929 
12,048.762 13.000.000 1930 

100.000 14.000.000 15,000.000 1931 
250,000 16.809.562 18.000,000 1932 
500.000 20.402.369 22.000,000 1933 

1,250.000 21,456.000 26,000.000 1934 
2,000.000 22,869,000 30,500,000 1935 
3.500,000 24.600,000 33,000,000 1936 
5,000,000 26.666.500 37.600.000 1937 
6.000,000 28,000.000 40,800.000 1938 
6.500,000 28,700.000 45,300.000 1939 
7.500.000 29,200.000 51,000.000 1940 
8,750,000 29,700.000 56,000.000 1941 
9.000.000 30.800.000 59,340,000 1942 
8,000.000 32,000.000 58,000.000 1943 
7.000.000 33,000.000 57,000.000 1944 
6.000.000 34,000.000 56,000,000 1945 
7,000,000 35.000,000 60.000.000 1946 
9,000,000 37,000.000 66.000.000 1947 
11,000.000 40,000.000 74.000.000 1948 
14.000.000 42.000.000 81.000,000 1949 
17,000,000 43,000,000 90.000.000 1950 
20.000,000 44,100.000 100.000,000 1951 
25.000.000 45.200,000 114,500,000 1952 
29,000,000 46.000.000 120,500,000 1953 
32.000.000 46.200,000 127.000.000 1954 
35.700.000 47.400.000 138.700,000 1955 
37,500.000 48,500.000 143,500.000 1956 
39,600.000 49.200.000 146,400.000 1957 
41.900,000 50.300,000 165.200,000 1958 
43.900,000 51,250,000 175,000.000 1959 
46.000,000 52,600.000 186.000.000 1960 
49.000.000 53.250.000 198.000.000 1961 
52,000.000 55,700.000 207,000.000 1962 
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ELECTRONIC INDUSTRIES editors look 

at the key segments of the industry, 

evaluate the state-of-the-art, 

and predict the course 

of future developments. 

COMPUTERS 

The computer industry is 

growing faster than the elec-

tronic industry as a whole. 

Added impetus will be given 

by a growing space computer 

market as an increasing num-

ber of space projects are un-

dertaken both by the govern-

ment and private enterprise. 

The major role that computers 

have been playing in space 

technology was evidenced by 

the recent Eastern Joint Com-

puter Conference held in Phila. 

—theme of this conference was 

"Computers in the Space Age." 

Computers will `` tak e to 

space," and some will possibly 

even be landed on some other 

celestial body. Reliability and 

capacity of computers will be 
increased and improved—from 

necessity. 

Future potential of the coin-

puter market is also enhanced 

by a growing foreign market. 

This market, especially the 

Western European segment, 

will be a prime target of Amer-

ican computer manufacturers. 

This section of Europe is still 

a labor shortage area, which 

will make it necessary for 

them to automate in order to 

maintain and expand their 

economic position. 

Another prime target will 

be (or should be) the under-

developed countries. This mar-

ket is due to blossom. As their 

economies develop these coun-

tries should take very quickly 

to these comparatively new 

machines. The fact that they 

are not familiar with the old 

LOOKING 

AHEAD... 

methods should make it that 

much easier for them to adapt 

to the new methods. 

On the other side of the 

ledger, competition from for-

eign manufacturers continues 

to increase. Manufacturers in 

countries such as Great Brit-

ain are behind those in this 

country, but they are closing 

the gap. 

The health services market 

is one of the nation's largest 

economic factors, and it is 

growing. Use of computers for 

these services is also growing. 

There are several good rea-

sons for this—increasing medi-

cal costs could be compensated 

for by the use of these ma-

chines ; much medical data 

which now consumes a great 

deal of time could be done by 

electronic data processing; and 

automation would release pro-

fessional personnel from many 

routine tasks and they could 

thus spend more time doing 

the things they were trained 

to do. As the problems of 

introducing automation into 

medicine are solved more and 

more computers will be used. 

Computers are finding in-

creased usage in the commu-

nications industry. Multiply-

ing traffic loads have made the 

use of digital communications 

systems a necessity. Also, 

global operations of the mili-

tary have made long distance 

communication networks nec-

essary. These networks can be 

made more effective through 

the use of high-speed automat-

ic data processing equipment. 

Look for computers to be 

used more and more for exec-

utive decision making. These 

machines make it possible to 

quickly assemble, store, and 

evaluate economic data. Thus 

much guesswork can be elimi-

nated. Management will also 

make more use of edp for plan-

ning and allocating resources 

to specific projects. Efficient 

use of available manpower will 

be made by using edp. 

Other areas of increased 

computer use will be: weather 

forecasting, transportation and 

for process control. Hybrid 

systems composed of combina-

tions of digital and analog 

computers will be used more 

often, especially for process 

control. 

"As was the case last year, 

much of the activity in the 

field will be centered around 

memories and input-output de-

vices. Improvements in mag-

netic thin films and in manu-

facturing techniques may bring 

about a revolution in mem-

ories. Several film memories 

are now in production or pi-

lot production. As computer 

speeds climb, the problems 

concerning these devices will 

also climb—thus the increased 

attention. 

This year will see more 

effort devoted to getting more 

"parallel operation" from 

large-scale machines. This will 

result in more efficient use of 

computers and thus a cost 

saving. 
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COMPONENTS 

Recognizing the threat of 

microelectronics, the major 

passive device manufacturers 

are devoting considerable ef-

fort and funds to the develop-

ment of mass production tech-

niques for thin films and 

integrated circuits. But in the 

immediate future, firms pri-

marily considered semiconduc-

tor device manufacturers will 

continue to be the standard 

bearers in the microelectronic 

device race. 

At the recent EIA Radio 

Fall Meeting in Toronto, Can-

ada. there was an interesting 
presentation which comment-

ed on the lack of anything 

new in the consumer field 

since television, with the pos-

sible exception of magnetic 
tape recording. The emphasis 

has been on cost reduction of 

present products. 

The field of integrated cir-

cuits may find a profitable 

market in the consumer prod-

uct. This assumption is not 

based on the fact that the new 

techniques can provide the cir-

cuitry in much less volume 

than is now required but 

rather on the fact that inte-

grated circuits and thin films 

offer excellent approaches to 

automation. This is another 

reason why the passive com-

ponent manufacturers are so 

actively engaged in these ac-

tivities. 

With automation conies cost 

reduction. And while this fol-

lows the present trend of con-

sumer electronics rather than 

offering a new item, it is in-

teresting to ponder on how 

these new circuit packages 

will be used. Externally, there 

may be no change to a con-

sumer item; however, taking 

a look at what should be the 
chassis we may find from one 

to a dozen of what appears to 
be transistor cans. 

But while there are a few 

integrated circuit and thin film 

devices on the market, passive 

component manufacturers will 

still receive the bulk of their 

income from discrete compo-

nents—miniaturized, but still 

discrete. 

The Signal Corps continues 

to express its pleasure with 

the Micromodule by annually 

upgrading expenditures for 

this program. The main reason 

for this funding is that the 

Micromodule concept provides 

answers here and now to ur-

gent military needs for small-

er, lighter, and more reliable 

electronic components, de-

vices, and systems. The con-

cept also provides for the in-
corporation of new microelec-

tronic techniques. 

It must be remembered that 
the Micromodule, although 

made up of discrete compo-

nents, is a module—largely 

constructed by manual opera-

tions. These operations are 

costly; and so, this concept 

does not appear to ever be 

headed for a large consumer 

market. 

MAGNETICS 

Progress in manufacturing 

and control of present mate-

rials, and development and ap-

plication of new materials will 

be slow—as in the past. Most 

authorities are in agreement 

that we are still in the "begin-

ner's stage" when it comes to 

controlling even the simplest 

materials, during manufactur-

ing—and their opinion is, we 

will continue at this present 
rate for some time. 

Permalloy, around for a 

number of years, and widely 

used today, is gradually be-

coming more controllable. This 

will lead to a greater improve-

ment in meeting "tight" speci-

fications — because manufac-

turing process control is now 

among the highest in the in-
dustry. 

The garnets, discovered and 

developed in France, are re-

ceiving much attention in a 

number of labs throughout the 

country. This year of 1963 
should, and will, see a quan-

tity of useful products appear, 

mainly for use in the micro-

wave industry. They will fea-

ture higher resistivities, in-

creased efficiencies, and nar-

rower absorption bandwidths. 

The Ferros-Plana family of 

magnetic ceramics will find, 

and is already, more wide-

spread uses in communica-

tions, extending our present 

frequency ranges even higher 

than they already have done. 

There is abundant amount 

of information available on re-

search and development in the 

magnetic ceramic's field—look-

ing for higher energy products 

and higher coercive forces. 

Manganese bismuthide, which 

in present development al-

ready has extremely high co-

ercive force, will begin to find 

a solid area for itself — with 

an increase in practical, com-

mercial applications. 

Look for more information 

to appear describing the con-

tinuing work being done on 

fine iron particles of single do-

main size (ellipsoidal shape) 

agglomerate to make perma-

nent magnetics, with energy 

products a good bit in excess 

of 5 x 106. 

Watch for announcements 

of magnetic amplifiers with 

newly developed ferrite core 
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MAGNETICS (Continued) 
materials, which will be oper-

ational above 10mc. 

Continued progress in using 

f errite as magnetostrictive 

transducers in high frequency 

filters will receive more atten-

tion, as they extend their area 

in the megacycle range. 

Look for increased availa-

bility of practical microwave 

ferrite devices, including: res-

onance isolators ; phase shift-

ers; circulators (above 

160TC); isolators (of the 

magneto - plumbites f am il y, 

with increase anisotropy, use-

ful to 75TC) ; strip lines; cavity 

resonators; SSB modulators; 

and switches. 

Where computers are con-

cerned, look for more news on 

developments of smaller mag-

netic memories — and new 

transmission line techniques. 

When these are combined, 

computers will be available 

with access times in the low 

nanosecond range. 

Higher quality, thinner re-

cording surfaces, which have 

received much time and money 

in the past, should produce 

some real worthwhile news 

this year. Look for major de-

velopments to break in the last 

half of '63 at the latest, espe-

cially in increasing automated 

production of thin films. 

MATERIALS 
Gallium arsenide is assum-

ing new roles in the electronic 

field. The material has been 

recently used as an infrared 

source. Several co mpanies 

have developed GaAs diodes 

that emit light of a relatively 

narrow spectral width in the 

near - infrared region. There 

are several possible uses for 

these devices such as optical 

communication links. light 

source for card or tape read-

ers, IR radar light source, and 

transmission of TV signals. 

At the moment it is still too 

early to know what will be the 

final uses of these devices. 

Even more recently, several 

companies have announced 

the use of GaAs in a de-

vice referred to as injection 

lasers. The semiconductor de-

vice promises a family of co-

herent light sources that can 

be pumped electrically instead 

of with a high-power flash 

source. This type of pumping 

should permit high frequency 

modulation, a tough problem 

in conventional lasers. 

We believe that GaAs will 

be in the news again in the 

near future as some of the 

problems that cropped up 

awhile back are overcome. At 

least one research organiza-

tion says they have solved the 

problem of insufficient purity, 

which appeared when the ma-

terial was being used for tun-

nel diodes. 

Niobium has been showing 

up lately as the dielectric in a 

new series of capacitors. There 

has been quite a bit of con-

troversy about the benefits to 

be derived by using this mate-

rial as the dielectric. Now the 

National Bureau of Standards 

will conduct research studies 

aimed at the production of 

niobium-tin alloy for applica-

tion to high energy solenoidal 

magnets. The problem appears 

to be the alloy's brittleness, 

making fabrication very diffi-

cult. The magnets should be 

capable of producing fields of 

200 kilogauss or more. 

The need of reliable per-

f or m a n e e requirements for 

electronic equipment in cryo-

genic environments has stimu-

lated work in developing new 

adhesives. New adherend ma-

terials such as ceramics, semi-

conductors, noble metals and 

newly developed plastics re-

quire a bonding material that 

will stick-to-the-job at ex-

t r e in e 1 y cold temperatures. 

Along with the ability to stick, 

the new adhesives will have to 

overcome brittleness, e.i. main-

tain a degree of flexibility, and 

withstand shock. 

A piezoelectric material, am-

monium dihydrogen phosphatu 

(ADP), has good possibilities 

as a light modulator for lasers. 

The ability of this material to 

change size when an electrical 

voltage is applied is the key. 

When this material changes 

size, it also changes its index 

of refraction, and hence could 

be used to modulate the light 

beam. More detailed informa-

tion is available on page 90 of 

our November 1962 issue. 

MICROWAVE 

Some of the most important 

work going on in the micro-

wave field is in the so-called 

millimeter region — the fre-

quencies from 30Gc to 300Gc. 

Sub-millimeter frequencies are 

defined as the wavelengths 

shorter than lmm. (higher 

than 300Gc). 

The orignal investigation in 

this field was by scientists in 

the field of microwave gas 

spectroscopy, where these fre-

quencies are used to measure 

the absorption due to molecu-

lar rotational transitions. 

The millimeter region is 

looked to particularly, to pro-

vide greatly enlarged room for 

communications channels. 

Bandwiths of even 10's of gig-

acycles will be made available 

when these techniques have 

been refined. 

At the moment the greatest 

problem is the lack of suitable 
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MICROWAVE (Continued) 

self-excited sources of power. 

Until recently, tubes available 

were operating only up to ap-

proximately 75Gc, a wave-

length of 4 millimeters. How-

ever, recent developments 

have considerably extended 

this limit. 

A number of strikingly new 

designs are now reaching the 

market, one of them developed 

by CSF in France. This tube 

has a bandwidth of 10% and 

an output power of up to 

15mw in the 0.7mm wave 

region. Two other approaches 

to submillimeter wave genera-

tion are the Tornadotron, pro-

posed by Dr. Weibel of the 

General Telephone & Elec-

tronics Laboratories and the 

Cerenkov radiator proposed by 
Prof. Coleman of the Univer-

sity of Illinois. 

In the laser field—and there 

seems to be hardly a limit to 
the possible application of 

these devices—a program is 

expected to be initiated soon 

at the Aeronautical Systems 

Div., Electronic Technology 

Laboratory into the electron 

energy spectrums of gaseous 

lasers. The investigation will 

be made through the use of 

Langmuir probes. The re-

search is seen feasible as a re-

sult of Air Force advance-

ments in the plasma diagnos-
tics area, credited to Dr. 

Gustav K. Medicus, ETL Re-

search Physicist. 

In another laser develop-

ment, the General Telephone 

& Electronic Laboratories an-

nounced that they have com-

pleted the preliminary re-

search on a gallium arsenide— 

gallium phosphide alloy laser. 

In a paper presented at the 

American Physical Society 

meeting, three GTE scientists 

reported that quasi binary 

alloys containing 10%, 25%, 

30% and 50% gallium phos-

phide in gallium arsenide had 

been prepared by the epitaxial 

growth technique. 

At Westinghouse, scientists 

have developed a 96kmc con-

tinuous wave maser using a 

superconducting magnet for 

the applied field. The maser 

has a pump frequency of 

65kmc and the system is being 

used to investigate the feasi-

bility of high frequency coher-

ent microwave amplifiers. 

Gains of more than 10db have 

been achieved at noise levels 

near 2db. This is accomplished 

by using a new low frequency 

pumping technique that in-

corporates 5 paramagnetic 

spin energy levels to obtain in-

version, with a pump fre-

quency lower than the signal 

frequency. 

TEST EQUIPMENT 

RFI test equipment for 

collecting spectrum signatures 

is slowly becoming automated. 
The automation of this equip-

ment is becoming a necessity 

in today's crowded spectrum. 

However, a deterrent in the 

development of such equip-

ment is that the exact data 

collection needs are not clear 

enough to allow companies to 

develop the needed equipment. 

Today's complex electronic 

systems are making the use of 

automatic test equipment a 

prerequisite. Some of the sys-

tems are so intricate that the 

equipment could be "worn 

out" just making confidence 

checks by manual means. 

These complicated systems 

place the test equipment man-

ufacturer in the role of a sys-

tems manufacturer. The test 

equipment manufacturer is go-

ing to have to "live" with the 

-;ystems designers to provide 

the proper test equipment for 

the systems to be tested. 

In the future, automatic 

test equipment is going to 

have to be flexible. The auto-

matic test systems will have 

to be adaptable to systems 

other than those it was de-

signed to be used with. Other-

wise it is conceivable that the 

automatic test system could 

cost as much as the system 

being tested. 

The Space Age is placing 

the stringent requirements of 

more accurate test equipment. 

Not only must the test equip-

ment be more accurate than 

ever, it must be maintained 

that way. This opens up the 

need of more standards loca-

tions to accurately calbrate 

the test equipment. The cost 

of owning a standards labora-

tory is very costly. Several 

companies owning secondary 

standards have made their 

facilities available to other 

companies to offset some of 

the cost. In many cases these 

locations are not evenly dis-

tributed. Hence, more stan-

dards locations will be needed. 

Test equipment repair and 

maintenance has been a prob-

lem. In many cases the equip-

ment must be shipped back to 

the manufacturer for repairs. 

One enterprising company has 

assembled calibration a n d 

maintenance equipment in a 

van and intends to make regu-

lar, periodic calls on users of 

their equipment. In the past 

some test equipment users 

have let the location of the 

manufacturer dictate what 

equipment they bought. They 

felt that the closer the manu-

facturer was the sooner they 

could get their units back into 

operation. Look to other test 

equipment manufacturers to 

make similar moves. 
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Transfer parameters of ceramic bandpass 

filters suggest a comparison with the "ideal" 

narrow-band filter. Actual measurements 

closely agree with calculated values. 

By correlating these results, 

filter response to many important 

transients is evaluated as a function 

of bandwidth and phase response. 

CERAMIC RANDPAss FILTERS are finding increasing 

use in commercial and military communication equip-

ment. They offer a wide range of high quality filter 

characteristics in a small and rugged package. Their 

basic building blocks are piezoelectric resonators 

which may be arranged in various circuit schemes* 

2'3'9" The filters in this article are cascades of the 

ladder, lattice or coupled resonator TC® schemes of 

Fig. 1. A few sample amplitude response curves are 

shown in Fig. 2; a typical phase response in Fig. 3. 
Transient input signals contain an infinite fre-

quency spectrum, only part of which can be prop-

agated through a filter bandpass. The transient filter 

response is therefore distorted and delayed with re-

spect to the input signal. 

In communication systems, transient phenomena 

may be due to interference, e.g., atmospheric or 
ignition discharges, or to the nature of the trans-

mitted signal itself—as in pulse signalling systems. 

TRANSIENT 

RESPONSE 

OF CERAMIC 

FILTERS 

e, = 
2 r 

- 

CO 

H (j w) Ei(3 w) w d w (I) 

- ( a + 0) • 
where H (j w) = e is the filter transfer function 

and E1 (j (0) the complex frequency spectrum of the input 

voltage el (0, 

(j w) = f e, (t) e - w di (2) 

- CO 

The exact solution of Eq. ( 1) for multi-resonator 

filters is not practical because the expression of 

H (jo) becomes too complicated. Several approxi-

mate approaches have been suggested. One of them 

assumes the idealized filter transfer characteristics of 

Fig. 5 with infinite attenuation in the stopband and 

constant attentuation and linear phase response with-
in a relatively narrow (1. >> B) passband. Although 

these characteristics cannot be realized in practice. 
this approach yields useful results for the interpre-

tation of the transient behavior of multisection cer-

LATTICE COUPLED etlATORS (à) 

Fig. 1: Cascades of these configurations are used in this article. 

In the latter, the transient behavior not only causes 
signal distortion, but also limits the minimum useful 

pulse width and the effective separation of neighbor-

ing channels. 

"Ideal" Narrow- Band Filter 

Fig. 4 shows a filter circuit with matched input 

and output terminations. If the system is linear, the 

output voltage e2 (t) may be found from the inverse 

Fourier transform 

Transfilter Combination. Clevite Corp. Trade Mark. 

amic filters whose steep cutoff skirts and quasilinear 

phase responses approach the ideal conditions. 

The transient analysis of the "ideal" filter, intro-

duced by Kuepfmueller4•5, has been treated and ex-

By FRANZ L. SAUERLAND 
Senior Project Engineer 

Clevite Electronic Components 
232 Forbes Road 

Bedford, Ohio 
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panded in a number of publications.6.7.8 It will not 

be repeated here. Rather, the results for a number of 

transient input signals are discussed. 

Suppose the signal ei(t) = E sin ( Ût cp) is 

applied to the filter input at the time t = 0, with a 

switching angle cp. The carrier frequency ü may be 

either equal to the filter's angular center frequency 

ki„, or close to it, or, finally, far removed from it. 

Here's the response to each of these three cases. 

(a) u = 
The resulting output voltage is 

1 
e2 (1) = E e — — Si [Ir B (t — lb)] } 

2 yr 

cos (wo / — r,o) (3) 

This function is discussed in textbooks° and 

plotted in Fig. 6. As compared to the input signal, 

it is marked by 

(2) Time delay. The time during which the 

output envelope increases to half the steady 

state value is equal to the slope of the phase 

response, 

(e) 

r/ 
/D -= (4) 

d 

Distortion. While the input envelope rises 

abruptly to a constant level, the output en-

velope has a finite buildup time tn. It is 

defined as the time during which the envel-

ope amplitude changes from zero to the 

steady state value at a rate corresponding 

to that of the half-amplitude point. The 

buildup time is inversely proportional to 

the filter bandwidth, 

1 
'B = - - (5) 

Further, the output envelope is character-

ized by over- and under-shoots. The maxi-

mum overshoot is 18% (approx.) 

(h) to„ 

If the carrier frequency is far removed from the 

filter bandpass, the input frequency spectrum may 

be considered constant within the narrow bandpass. 

Then 

sin r B (t — le) 
e2 (1) = 2e -« B El B (t — ti2) coy (.0 + in (6) 

Eq. (6) describes a carrier of angular frequency 

00, modulated by a function of the form sill x/x. 

Fig. 7 shows the response. Both the delay time I'D 

and the buildup time tB, Fig. 6, reappear here. 

Since û coo may also be zero, Eq. ( 6) holds 

for transient changes of dc input level. 

The maximum response amplitude, 

e2...= 2 e- a BlEil (7) 

occurs at t = tr, and is proportional to the filter 
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Fig. 2 Selectivity of the various filter configurations 

Fig. 3: Phase response tv envelope delay of ceramic filters. 

Fig. 4: Filter circuit 
with matched input 
and output termina-
tions 

RG 

e ( t) 

E ( juu) 

FILTER 

H(juJ) 

e2 ( t) 

(j ) 

Fig. 5: The transfer 
characteristics of an 
idealized filter. 

Fig. 6: The delay time and buildup time are shown. 
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CERAMIC FILTERS (Continued) 

Fig. 8: The dc pulse input is shown 
in ( a) and the response below in ( b). 

bandwidth and the amplitude of the input fre-

quency spectrum. It is evaluated for the following 

particular input signals: 

(e) Carrier far removed from l'assband,ISZ — cool > > r B 

The maximum output voltage 

2 e a BE 
rf2 max = (8) 

u2 ,02 V wo2 (.0,2 se, + £22 sin2 a 

decreases with increasing frequency deviation 

(0 — GO and depends on the switching angle cp. 

(d) Carrier close to Passband, û/ 1 

Here, the approximation of a constant frequency 

spectrum within the filter passband seems no longer 

justified. However, measurements on narrow band 

ceramic filters show good correspondence with 

analytical values derived from Eq. ( 7) under the 

assumption 0/00 — 1. The maximum response 

becomes then 
_ a 
e BE 

(4, 
(9) 

(e) DC Step, û = 
The maximum response is directly proportional 

to the filter's relative bandwidth, 
_ a BE 

e2 moo = 2 e 
(00 

(10) 

Fig. 7: Response of carrier modulated by sin x/x function. 

(f) DC Pulse 
This case can be considered as the superposition 

of two DC steps. It is shown in Fig. 8 for a wide 

pulse, tp >> 1/B, which causes two distinct step 

responses due to the buildup and decay of the 

pulse. With decreasing pulse width t„, the indi-
vidual response voltages interfere and add up 

vectorially. Since their mutual phase angle is 

180 0„t„, the resulting output voltage varies 

between maxima at 
tr = (1 2 K) /210 

and minima at 
= hrfo 

for 
K = 0, 1, 2 • • • 

The maximum possible output equals twice the 

maximum step response of Eq. ( 10) and is ob-

tained for a pulse with tp = Y2fa• 
A further decrease of pulse width results in a 

decrease of e2 max, which becomes approximately 
_ a  BE . In 

e2 max = 4 e cos WO ID sin 
we 

(g) Impulse 

An impulse of value E is defined as a pulse of 

infinite amplitude and infinitesimal duration whose 

time integral equals E. An input of this kind does 

not occur in practice. However, if the pulse dura-

tion tp is short as compared to the filter time con-

stant 1/fp, it may for practical purposes be called 

an impulse. Then Eq. ( 11) simplifies to 

e2 ma. = 2 e - a BE I,, cos coo ID, (12) 

which is directly proportional to ti,. 

Measurements 

Transient response measurements on ceramic lad-

der, lattice and TC configurations reveal a close 

analogy between the behavior of the ideal and the 
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real filter. Hence, the previously derived expressions 

for the ideal filter response may be applied either 

directly (for the maximum response amplitude) or 

with a constant correction factor (for rise and delay 

time) to the transient response of ceramic filters. 

Fig. 9 shows a simplified diagram of the test 

circuit for ac-step measurements. Recurrent signals 

are used to obtain a continuous scope display. The 
readings are taken from photographs of the display, 

with an estimated accuracy of -±-5%. 

(a) Carrier frequency û = 

All filters tested show a response of the general 

shape shown in Fig. 6. The maximum overshoot 

is about 10%. The values measured are listed in 

Table 1. Here the bandwidth is specified as that 

of the 6 db points ( Beds ). Instead of the buildup 

time tR (which is inconvenient to measure in prac-

tice), the rise time tR is listed. This is the time 

during which the envelope amplitude rises from 
10% to 90% of its steady state value. For ceramic 

filters, tR is proportional to ts• 

From Eq. ( 5), the ideal filter buildup time is 

inversely proportional to the filter bandwidth. 

Table 1 shows that the product tRB6de is almost 

constant for ceramic filters of the same basic type. 

Hence the rise time may be approximated as 

IR = KR !BS  

where KR = 0.6 for TC filters 

KR = 0.86 for ladder and lattice filters. 

The delay time tR of the ideal filter is defined 
as the slope of the linear phase response. For the 

ceramic filters, the phase slope is proportional to 

the number N of filter resonators. The product 

tDB6db/N as listed in Table 1 is essentially con-
stant for the individual filter groups; so, one may 
write approximately 

tr, = KD K /136db (14) 

where Kb = 0.3 for TC filters 

Kb = 0.15 for ladder and lattice filters. 

The phase slope dP/d6) is also referred to as 

the envelope delay, tE. For ceramic filters, Fig. 3, 

it approaches the constant level of the ideal filter 

over the major (center) portion of the passband, 

but increases sharply towards the cutoff fre-

quencies. One may therefore expect the envelope 

delay at wo to equal the time tR. This is confirmed 

by measurement, as shown by values in the last 
column in Table 1. 

(b) Carrier Frequency û 

As long as the carrier frequency lies within the 

passband, the response is approximately the same 

as for û = coo. If the frequency deviation is in-

creased beyond the passband, the steady state re-

(13) 

sponse amplitude, Fig. 6, decreases proportionally 

to the steady state filter selectivity. The maximum 

transient response amplitude, however, decreases 

less sharply along a curve which might be called 

the "transient selectivity" of the filter. This curve 

is evaluated from Eq. (9) and plotted in Fig. 10. 

Since it is fairly symmetrical to the center fre-

quency, only one-half of it is shown. The fre-

quency scale is normalized to the 6 db bandwidth, 

and the response is referred to zero db at fo. A 

typical steady state selectivity curve is indicated 

with dotted lines in the same figure. 

The "transient selectivity" measured on a num-

ber of ceramic filters falls—with the exception 

of the wide band ladder filter No. 9—within the 

shaded area of Fig. 10 and corresponds quite 

closely to the theoretical curve. The deviation of 

the wide band filter is due to the fact that the ap-

proximation of a constant frequency spectrum 

within the bandpass becomes coarser with widen-

ing bandwidth. 

Fig. 9 The basic transient response test diagram. 

(c) DC Step 

Since a step generator with a rise time small 

compared to the filter time constant 1/to was not 

available, Eq. ( 10) for the ideal-step response 

could not be verified by measurement. However, 

the validity of the more general Eq. ( 7) for cer-
amic filters may be examined. Table 2 lists re-

sponse data obtained on ladder filters of different 

bandwidths for an input step of 41/ sec rise time 

and 47 y amplitude. The ratio e2niax/e-ftB6db is 

approximately constant, indicating that these filters 

follow the trend of the ideal filter. 

(d) Pulse and Impulse 

Fig. 11 compares the pulse response measured 

on a narrow band (2 icc) ladder filter to that cal-

culated from Eq. ( 11). The correspondence, es-

pecially for narrow pulses, is close. For pulse 

widths t,>> 1/fe, the pulse response becomes an 
impulse response which, in agreement with Eq. 

(12), is directly proportional to t,. 
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CERAMIC FILTERS (Concluded) 

The expressions for the output 

response amplitude contain the 

attenuation factor e-e, which is 

constant for the ideal filter. How-

ever, the attenuation of the cer-

TABLE 1. 

Filter No. f, 
No. Reson. KC 

tk 

KC µ see 
tl, 

p sec t , µ. 
ti, tE Wo 

N p sec 

1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 

4 
4 
4 
6 
6 
3 

17 
17 
17 
17 
13 
9 

455 
455 
455 
455 
455 
455 

455 
455 
435 
432 
432 
432 

6 
10 
20 
13 
20 
6 

18 
32 
48 

5.4 
5.7 
6.7 

Combination 

100 
60 
30 
50 
30 
110 

Ladder 

46 
27 
18 

160 
155 
130 

Lattice 

13 16 490 70 12 

TABLE 2. 

200 
120 
60 
130 
85 
150 

140 
80 
60 
450 
300 
170 

.6 

.6 

.6 

.65 

.6 

.66 

.82 

.87 

.86 

.86 

.88 

.87 

.3 

.3 

.3 

.28 

.28 

.3 

.15 

.15 

.17 

.14 

.13 

.13 

200 
110 
55 
125 
80 

125 
70 
50 
430 

amic filters has a minimum at 

center frequency and increases 

toward the passband edges. In the 

preceding numerical calculations, 

the factor e-a is referred to the 

attenuation at center frequency. 
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Motor-driven variable transformers 

and swept- electronic regulated supplies 

have certain disadvantages in providing 

slow sweep voltages for recorders. 

Most of these disadvantages are overcome 

when a saturable core reactor 

replaces the motor driven transformer. 

It is used to sweep 

the primary of any transformer 

or ac powered dc output supply. 

X -Y -RECORDERS often require slow sweep supplies. 

Motor-driven variac supplies and swept-electronic 

regulated supplies have been used for this purpose, 

but both have disadvantages. 

When using motor-driven supplies voltage varies 
in discrete steps rather than as a smooth varying 

function. Also, mechanical devices have transmission 

and brush-contact problems. 

When using electronic supplies several heavy-duty 

pass tubes or transistors are required in order to de-

velop much power output. In addition, the electronic 

supplies are complex, heavy, and bulky. 

A saturable-core-reactor sweep supply was de-

signed for use with the recorder of an electron-tube-

characteristics curve tracer. This supply overcomes 

most of the above disadvantages. A saturable core 

reactor replaces the motor-driven variac. It is used 

AC 
LINE 
INPUT 

SATURABLE CORE 
REACTOR 

LOAD 

SATURABLE CORE 
REACTOR 

Fig. 1. A simplified 
sweep circuit is 
shown. Choice of R 
and C determines 
the sweep time. 

Fig. 2. Reactor out-
put controls a con-
ventional rectifier in 
order to obtain a dc 
output sweep. 

AUTO TRANSFORMER 

SWEPT 
DC 

0_ 
OUTPUT 

FOR 
PLOTTING... 
SATURABLE 
REACTOR 
SWEEP 
SUPPLY 

to sweep the primary of any transformer or ac pow-

ered dc output supply. 

The saturable reactor inductance (hence imped-
ance) is maximum when no current flows through 

the dc control winding. As direct current flows 

through the control winding, the core saturates so 

that the impedance of the ac coil decreases. A control 

current change of less than 60 ma. is enough to vary 

loads of la. or more, depending upon reactor design. 

Fig. 1 shows a simplified sweep circuit. The ac out-

put voltage will sweep from almost zero to the maxi-

mum level desired when a non-linear element such 

as an incandescent bulb parallels the load. This oc-

curs because the bulb resistance is very low when 

cold, so that the input voltage is essentially across the 

reactor rather than the load. As reactor impedance 
decreases, bulb and load voltage increases; but, since 
the bulb is getting warmer, its filament resistance 

rises and presents less of a load to the circuit. The 
choice of R and C in Fig. 1 determines the sweep 

time. Fig. 2 shows the reactor output controlling a 

conventional rectifier supply in order to obtain a dc 
output sweep. 

The magnitude of R, C, and the dc control voltage 

required becomes impractical for sweep durations be-

yond a few seconds. Sweep time is extended by 

means of a vacuum tube in the control winding cir-

cuit. Sweep time is then determined by the grid cir-

cuit R and C. Thus one value of C and a resistor 

By MALVIN L. SHAR 

U.S. Army Signal R & D Laboratpry 

Fort Monmouth. N. J. 
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range switch will provide adjustable sweep times 

from seconds to one hour. 

Circuitry 

Fig. 3 shows the complete saturable core reactor 

sweep supply. The reactor was designed for a maxi-

mum dc control current of 100 ma, and each ac coil 

is rated for a maximum of la. These ac coils always 

oppose each other so as not to induce a high voltage 

in the dc control winding. A series-parallel switch 

connects the coils for 2a. operation while preserving 
the relative ac coil opposition. The plate supply volt-

age auto-transformer controls the maximuni sweep 

excursion. Another auto-transformer and a reversing 

switch also adjust the minimum and maximum sweep 

levels. 

Warning Indication 

A neon-lamp warning circuit is used to caution 

the operator when the region of maximum plate volt-

age (275 v.) for the 5998 is approached. The NE51, 

marked Low, fires when the plate to cathode potential 

rises within 20 v. of this maximum. The NE51, 

marked Hi, fires when the voltage exceeds the plate 

rating. In use, adjustment of the supply voltage to 

exceed this value is not harmful, for as the tube is 

swept and cathode current rises, plate voltage drops 

below 275 v. High plate voltage ( Ib cut-off) is not 

maintained for long time periods, thus tube damage 

is avoided. An improved supply would eliminate the 
need for Hi-Low indicators by means of a reactor 

designed to match the characteristics of a tube chosen 

for the voltage required. Actual component availabil-

ity dictated the circuit arrangement shown in Fig. 3. 

A transistorized version of this circuit would improve 

the size and weight factor. 

Three-Way Switch 

The three-way switch, marked "Discharge, Charge, 
and Momentary Discharge," starts the sweep rise or 

fall. The short button is used when it is desired to 

charge or discharge the cut-off capacitance quickly 

before initiating a sweep trace. The discharge posi-
tion starts a rising output-voltage sweep and the 

charge position starts the decay sweep. The momen-

tary discharge position is used to prevent continued 

increase of sweep output when the operator is dis-

tracted from his duties. 

INDICATOR 
THIS IS USED AS AN INDICATOR in digital logic cir-

cuits. The circuit is designed for a nominal drive of 

15 ma at 10 volts to insure conservative operation of 

the type 344 bulb under limit conditions. It can 

be used to drive electromechanical devices which 

operate within the same power limits, or to drive 

devices with 6v ratings, in which case a —6v source 

is used for the collector supply. 

NOTES: 
1. The indicator and the amplifier may be in different 

locations. 
2. These are the maximum powers dissipated in the re-

sistors. In determining these values, allowance has been made 
for variations in component values, power supply voltages, 
and transistor characteristics. 

3. The performance specifications are based on compo-
nent values which do not deviate from the nominal by more 
than the limits specified. Thus the term "limits" includes 
the initial tolerance plus drifts caused by environmental 
changes or aging. 

Abstracted from "Handbook Preferred Circuits Navy Aeronautical 
Electronic Equipment" (NAVWEPS 16-1-519-2), Volume II. 

-I8V 

(4) 4314 

e R3 
470 

+6V 

(NOTE I) 

Unless otherwise stated , R in ohms 

Components : 
Max. power dissipation ( note 2) : R1: 8 mw; R2: 5 

mw; R3: 180 mw 
Limits ( these are not tolerances; see note 3) : R1, R2: 

-±-5%; R3: ±-20%. 
Operating characteristics: 

Temp. range: —54°C to + 71°C. 
Input signal: 

Indicator action 
Logical "0" (ground potential)   No light 
Logical "1" ( —6.2 volts ±- 10% 
at 1.2 ma)   Lamp lights 

Power requirements: 
—18 volts -±-10% at 15 ma. 
+6 volts ±- 10% at 0.16 ma. 
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Last month we presented a State-of-the-Art report 

called "MICROELECTRONICS TODAY:' 

With that report was a chart 

reflecting activity but not actual products. 

Here, as promised, are the specifications 

of commercially available components and 

circuits using the latest microelectronic advances. 

LAST MONTH, Electronic Industries PUBLISHED PART 

I of its industry-wide Microelectronics survey—a 

comprehensive chart identifying 59 manufacturers 

active in the development of microelectronics, and 

documenting the methods explored by each in the 
processing and packaging of eight basic electronic 

circuits and seven component functions. El's De-

cember chart should serve for some time to come as 

a ready and quick reference for those seeking sources 

of experience and capability in any one of the 

presently known microelectronic techniques. 

Part II in this issue presents specifications and 

package configurations supplied by 27 of the 59 manu-

facturers for several basic devices, plus a few com-

ponent arrays which can be interconnected either by 

the user or by the supplier to form the desired circuit. 

Availability of each product is indicated in the last 

column of the tabulation. Those labeled as "stock" 

• El's listings include what were considered salient specifications to 
enable the reader to properly identify the product. Detailed specifica-
tions are available, however, in the manufacturers' published literature. 

A STAFF REPORT 

PACKAGED 
MICROELECTRONIC 

CIRCUITS 

were said to be available "off-the-shelf," although no 

delivery time was given. Items identified as "samples" 

are available in small quantities to the specifications 

shown. The terni "custom" indicates a device that 

has been produced and is presented as an example 

of the manufacturer's capability in soliciting a cus-

tomer's breadboard design. 

Most of these packages employ one or more ad-

vanced techniques, such as thin film deposition, pas-

sivation and multiple-element diffusion. However, 

some products containing conventional micro com-

ponents and achieving parts densities that were 

thought to be of special interest were also included. 

It should be noted that there is much more activity 
by the semiconductor manufacturers in promoting the 

use of diffused, multiple element networks for custom 

circuits than shown by our "Semiconductor Arrays" 

and "Resistor, Capacitor Arrays" listings. A glance 
at the linear and digital circuit listings in this issue 

will give some idea of the number of manufacturers 

with a capability in this area. 

This thin-film, four- stage i-f amplifier measures 1/2  x 1 in., weighs less than 11/2  grams, and operates on a bandwidth of 500 KC. 

(Courtesy of GE Co.) 
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Type 

No. 
App Freq 

kc 

Out-

put 
Z. 

Pwr 

Req 

v;ma 

Pwr 

Di sa 

mw 

Pkg 

(Fig) 
we 

Temp 

Range 

°C 

Avail 

CENTRALAB, Electronics Div., 900 E. Keefe Ave., Milwaukee , Wisc. 
1 

4- stage Ampl audio 78db 

HAL EX, INC., 310 E. Imperial Hwy., El Segundo, Calif. 
1001DT DT dc- 100 10 lv 2K 60 18,7 
1002DT DT dc- 100 30 lv 600 60 18,7 
1003DT DT dc- 100 100 lv 200 60 18,7 
000401 DT .15-100 300 lv 2K 60 25,15 
1005DT CT .05-100 300 lv 600 60 25,15 
1006DT DT .15-100 1K lv 2K 60 25,15 
1007DT DT .05-100 1K lv 600 60 25,15 
1008DT DT .015-100 1K 1v 200 60 25,15 
1009DT DT .15-100 3K 1v 600 60 25,15 
101001 DT .05-100 3K 1v 200 60 25,15 
1011DT DT .15-100 10K lv 200 60 25, 15 

Preamp .2-200 54db lmw 600 
.udio .2-1 5-35 2.5v 6meg 14K 20 
Servo .32-.48 50v'v 4w 10K 45 

• Pkg: . 55 x . 4 x .18 in. • • Pkg: . 04 x . 81 x . 51 in. • • • l'kg: /. 56 x 1.16 x . 66 in. 

LEAR SIEGLER, INC., 3171 S. Bundy Drive, Santa Monica, Calif. 
PN403302 3- stage ampl .05-4 34db 33mw 75 1K 28-50 
PN421880 BB .01-100 51db .5v 10K 1.5K 6 

Servo .4 200 2w 5K 28 
• Pkg: . 5 x.5 x . 5 in. • • Pkg: 1 x 1 x.35 in. •• • Pkg: .5 x.5 x .3 in. 

.2 x . 28 in 
45 

2 
2 
2 
2 
2 
2 
2 
2 

custom 
custom 

-40+100 4-6 wks. 
4-6 wks. 
46 wks. 
4-6 wks. 
4-6 wks. 
4-6 wks. 
4-6 wks. 
4-6 wks. 
4-6 wks. 
4-6 wks. 
4-6 wks. 

5gyn -55+125 samples 
samples 
samples 

Pwr Pwr Temp 
Type Freq Out- Pkg 

Na. 
APP 

Ire 
Gain 

put 
Zi Z. Req 

v;ma 

Dies 

mw 
(Fig) 

Wt Range 

°C 

Avail 

MINNEAPOLIS-HONEYWELL, Semiconductor Div., Riviera Beach, Fla. 
MHM1001 DARL to 60mc 1000 
MHM1101 CARL to 60mc 1000 

MOTOROLA, Semiconductor Prods, Inc., 5005 E. McDowell Rd., Phoenix 8, Ariz. 
2- stage ampl :1-50mc 30db 
DARL 
Ampl Audio 
Osc 11.5mc 
Mixer 120mc 
Ampl 12mc 

Vcb:60 .4w 105 
Veb:60 .26w TO18 

TRANSISTRON, Electronic Corp., Wakefield, Mass. 
V. Ampl dc-100 20 W 500K 3K +18 
PA(p/p) .02-20 5w 3K 20 18 
vid ampl dhlt. .02-7mc 20 22 

• Equivalent input noise voltage. •• Variety of 3-dimensional Pkgs. 

WESTINGHOUSE ELECTRIC CORP., Semiconductor Div., Youngwood, Pa. 
WX001 PA audio 35db 300mw 100 200 22,60 36* 
WX002 BB 455-3K 25db 300 1K 12,3 36* 
WX003 ** 455-3K 25 8v 1K 1K 12 24 37* 
WX006 det(2) 455-3K (detects and filters audio from A-M carrier) ( Fig 371 
WX007 DARL audio 30db 2mw 5K 100-1K 12 80 370 
WX027 p/p PA audio 20w 200 38 
WX039 DARL audio 100K lmeg 750 45 .5w 37* 
WX031 osc/mix 7K-30K 15db 300 2.5K 12 50 37* 
• Available in other pkgs and lead arrangements. •• Designed for external tuning element. 

TOS 
TOS 
TOS 
TOS 
105 
TOS 

LOGIC CIRC UITS 

Type 

No. App 
Function 

(Fig) 

Circuit 

(Elements) 
Freq 

Fan-

Out 

Average 

Delay 

Supply 

V 

Pwr 

Diss 
Pkg 

(Fig) 

Temp 

Range 

oc 
Avail 

AMPEREX ELECTRONIC CORP., 230 Duffy Ave., Hicksville, L.I., N.Y. 
13892000 F 0-10Nc 
0893000 AND 3- in G* 
13893001 AND 2- in G* 
• Tvin ckts in each unit. 

ABBRFVIATIONS 

A - full adder 

ADC - analog- to- digital cony  

B - buffer 

BB - brood band ampl 

BCD - binary- to- decimal converter 

C - counter 

D,R 
D,R 

±6 60 46 
46 
46 

CA - Common anode 

CC - common cathode 

D - diode 

DARL - Dorlington ampl 

DCT - direct-coupled transistor logic 

DL - diode logic 

.7oz 

.7oz 

.7oz 

,20+60 stock 
-20+60 stock 
-20+60 stock 

•• 

ent 

MIL20213 
MIL202B 
MIL20213 

MIL202B 
MIL202B 
MIL202B 
MIL202B 

stock 
stock 

custom 
custom 
custom 
cu stom 
custom 
custom 

custom 
custom 
custom 

4 wks 
4 wks 
4 wks 
4 wks 
4 wks 
4 wks 
4 wks 
4 wks 

Type Function Circuit Fan- Average Supply 
Pwr 

Pkg Temp 

No. App (Fig) (Elements) Freq Out Delay V Dies (Fig) Nt Range Avail 

mmm•C 

AMPEREX ELECTRONIC CORP. - (Continued) 
B893002 OR 3- in G* D,R 
13893003 OR 2-in G* D,R 
8893004 pulse G* D,R,C 

• Twin cks in each unit. 

DT - data transmission 

E - "exclusive OR" circuit 

ECL - emitter- coupled logic 

EF - emitterdollower 

F - flip-flop 

G - gate 

H •- half odder 

HS - high speed 

I - inverter 

O  - OR circuit 

PA - power ampl 

Pl - power inverter 

46 
"46 
46 

.7oz 

.7oz 

.7oz 

-20+60 stock 
-20+60 stock 
-20+60 stock 

R - resistor 

RC1 - resi stor-copocitor-tronsi star logic 

S - shift register 

T - transistor 

TCL - transistor- coupled logic 

S
l
I
f
1
0
2
:
1
1
0
 
C
1
3
0
'
1
A
0
V
d
 



LOGIC CIRCUITS — (Continued) 
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1
1
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1
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Typo 

No. 

Function 

(Fig) 

Ci ru oit 

(Elements) 
Freq Fan-

Out 

Average 

De lay 

AMPEREX ELECTRONIC CORP. — (Continued) 
13894000 EF/I T,R,C 0.10Ckc 
8894001 EF* T,R 0-100kc 
B894002 NOT l* T,R,C 0-10Ckc 
B894003 EF/I3* T,R,C,D 0-10(kc 
8895000 pulse shap. T,R,C 
13895001 S/S MV 
13885000 4F/C 
• Twin ckts in each unit. 

BURROUGHS CORP., Electronic Components Div., Plain(ield, N.J. 
BIP5500 DL BCD(25) 400 
BIP5501 DL 13011(25)* 400 
BIP5502 DL BCD(26) 400 
BIP5503 DL BCC(26)* 40D 

BIP8000 DL 0(28) dc-110kc 
BIP80001 DL 0(30) dc-110kc 

• See NOTE in Fig. Other packages include alpha-numeric decoders, encoders and distributors. 

±6 
6 

±6 
±6 
±6 
±6 
±6 

Pwr 

Di" 

MVO 

Pkg 

(Fig) 
Wt 

Temp 

Range 

°C 

Avail 

500 
500 
500 
500 

46 
46 
46 
46 
46 
46 
p/w bd 

.7oz 

.7oz 

.7oz 

.7oz 

.7oz 

.7oz 

27 
27 
27 
27 

29 2.3oz 
31 2.5oz 

CAMBRIDGE THERMIONIC CORP., 445 Concord Ave., Cambridge 38, Mass. 
A01 
BAI 
BMI 
IN1 
IN3 
LTI 
NA1 

AND 5 input G D,R 

Bis). MV 

Trig 
NAND G 

NO! NOR G 
DA! OR G 
• Pkg std min 7-pin, 3/4 x 3/8 x 3/4 in. 

D,T,R 

T,C,R 
T,C,R 
T,C,R,D 
T,C,R 
T,C,R 
D,R 

10mc 
10M 
10mc 
10mc 
10mc 
10mc 
10mc 

2Ons 
30ns 
2015 
lOns 

201s 
20ns 

CENTRALAB, Electronics Div., 900 E. Keefe Ave., Milwaukee 1, Wisc. 
NOR G,F,MV R,T 10mc 

mix G 5R, 1C 

—12 
—12 
—12 
—12 
—12 
—12 
—12 

COMPUTER CONTROL CO., INC., 2251 Barry Ave., Los Angeles 64, Calif. 
LE6I NOR/NAND dc-2mc 9 +8 
PLO! NOR/NAND PA dc-2mc 22 
FF61 NOR/NAND R/S F dc-2mc 9 +8 
AD6I NOR/NAND del. MV dc-2mc 9 
SN61 synch. 
WS61 word stg 2 mc 9 
SM61 ser. memory I me 
AN61 ADC 

• • Module 1/2 x 1/2 x 7/8 in. with flying leads. Other pkgs available. 

£
9
6
1
 
iç

ie
nu

er
 

CORNELL-DUBILIER ELECTRONICS, 50 Paris St., Newark 1, N.J. 
IMCA1 NAND I T,D,C,R Imc 7 .05ps 
1MCA2 NAND non I 
1MCA3 NAND PA 
IMCBI NAND 
IMCC1 NAND MV, PA, G 

• Pkgd to customer order. 

T,D,C,R lac 7 .05p.s 
T,D,C,R lmc 30 .05µ s 

lmc 6 .05p s 
.1c-Imc 30 .05p s 

—18 
—18 
—18 
—18 
—18 

43 
70 
43 
19 
62 
150 
150 
450 

44 

7.6gm 
9.5911 
9.5gm 
9.5gm 
9.5gm 
9.5gm 
9.5gm 
9.5gm 
7.6grn 

30gm 
30gm 
30gm 

—20+60 stock 
—20+60 stock 
—20+60 stock 
—20+60 stock 
—20+60 stock 
—20+60 stock 
—20+60 stock 

—65+65 
—65+65 
—65+65 
—65+65 

—55+55 
—55+55 
—55+55 
—55+55 
—55+55 
—55+55 
—55+55 
—55+55 
—55+55 

stock 
stock 
stock 
stock 
stock 
stock 

stock 
stock 
stock 
stock 
stock 
stock 
stock 
stock 
stock 

custom 
custom 

—10+80 120 dys 
—10+80 120 dys 
—10+80 120 dys 
—10+80 120 dys 

120dys 
0+70 120dys 

—15+55 custom 
—15+55 custom 
—15+55 custom 
—15+55 custom 
—15+55 custom 

Type 
API, 

Function Circuit Fe..1 Fan- Average Supply 
Por 
Dr .. 

Pkg Wt 

Temp 

Range Avail 
No. (Fig) (Elements) Out Delay Nf 

mw (Fig) 
°C 

CORNE LL-DUBILIER ELECTRONICS — (Continued) 
IMCD1 NAND S/S MV lmc 6 .05p s —18 
IMCGI NAND 7-G D 
• Pkgd to customer order. 

DELCO RADIO DIV., General Motors Corp., Kokomo, Ind. 
DM100 DL I 175kc 
DM101 DL 3-G 175kc 
DMI30 DL I 175kc 
DM200 F 175kc 
DM210 MV 175kc 
DM221 S/S MV 
DM240 Trig 
SMI33 DL Dual G 
SM200 
SM220 S/S MV 
SM240 MV 

• Width limits of pkg: . 2" to . 8". 

5 
5 
20 
5 
5 
5 

175kc 
100kc 4 
100kc 3 

6 
25-125kc 4 

ELECTRA MFG. CO., 800 N. 21st St., Independence, Kansas 
CMI NOR 0(33) T,R 
MM1 NOR G(34) T,R 

FAIRCHILD Semiconductor, 545 Whisman Rd., Mountain View, Calif. 
iLLF NOR F(3) DOT lmc 5 
LG NOR 0(4) DCT lmc 5 

gLS NOR S(5) OCT lmc 5 
µLB NOR e(6) DOT lmc 25 
p.LC NOR C(7) OCT lmc 5 
piH NOR H(8) OCT lmc 5 
• Available also in TO-47 and Type 00 packages. 

GENERAL ELECTRIC CO., Semiconductor Dept., Syracuse, N.Y. 
MI ECL s R,T 2mc 
MI ECL G R,T 
MI ECL G• 
MI ECL AND G 
MI ECL F R,T 
MI ECL 4-I R,T 
MI ECL AND/OR G R,T 
• 3 double pair gate circuit. 

.3ms 

.3ms 

.3ms 

.3ms 

.3ms 

2/2s 
20µs 

5Ons 
500s 
100ns 
6Ons 
100ns 
5Ons 

6 
6 
6 
6 
6 

6 
4mw 
10mw 

5 
5 

3 30 
3 15 
3 75 
3 25 
3 75 
3 45 

INTERNATIONAL RESISTANCE CO., 401 N. Broad St., Philadelphia 8, Pa. 
NOR G R,T 100kc 8 2.5 

• Flat, hermetically sealed pkg .4 x .4 x . 05 in. 

39* 
39* 
39* 
39* 
39* 
39* 
39. 
40 
40 
40 
40 

33 
34 

TO-5* 
TO-5° 
TO-5* 
TO-5° 
TŒ5' 
TO-5• 

6mw 105 
TOS 
TOS 
TO5 
TOS 
TOS 
TOS 

—15+55 custom 
custom 

—60+71 30 dys 
—60+71 30 dys 
—60+71 30 dys 
—60+71 30 dys 
—60+71 30 dys 
—60+71 30 dys 
—60+71 30 dys 
—40+100 30 dys 
—40+100 30 dys 
—40+100 30 dys 
—40+100 30 dys 

stock 
custom 

—55+125 stock 
—55+125 stock 
—55 +125 stock 
—$5 +125 stock 
—55 +125 stock 
—55+125 stock 

samples 
sampl es. 
samples 
samples 
samples 
samples 
samples 

6.5mw * .22gm +50 samples 

KEARFO TT SEMICONDUCTOR CORP., Geneial Precision, Inc., West Newton, Mass. 

21NRLSB NOR 

21NRLGB NOR 

21ORS 

21ORLGA 

(23) 

(23) 
0(24) 

0(24) 

• Silicon •• Germanium 

r,R 
T**, R 

T*,R 

T••,R 

lmc 6Ons 
Imc 619ms 

lmc 30ns 

lmc 20ns 

—10 

—10 

—10 

—10 

TOS 
TO5 

TOS 

105 

—65+125 6 wks 

—65+70 6 wks 

—65+125 6 wks 

—65+70 6 wks 
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LOGIC CIRCUITS — (Continued) 
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TYPe 
APP 

Function Circuit 
Free 

Fon• Average Supply 
Pver 

Diss 
Pkg 

Nt 

Temp 

Ronge Avail 
No. (Fig) (Elements) Out Delay V 

mw 
(Fig) 

°C 

LEAR SIEGLER, INC., 3171 S. Bundy Dove, Santa Monica, Calif. 

RST F 

AND dual G 

OR dual G 
Tog Schmidt 

NOT dual I 
• size: . 5 x.5 x . 3 in. 

5mc 

P. R. MALLORY & CO., Indianapolis 6, Ind. 
6928FA” RIS F T,D,C,R 10kc 
6928KB• DL AND G D,R 
• in kit form: also includes OR Gate, F—F, M—V, Amplifier, Bridge Rect. •• Available in kit form. 

6 
6 
6 
6-28 
6 

.179 cu in 

MI NNEAPOL IS- HONE YW ELL, Semiconductor Prods., Riviera Beach, Fla. 

NOR G DCT lmc 
OCT lox 

• Available also in T018 and rectangular pkgs. 

MOTOROLA, Semiconductor Prods, Inc., 5005 E. McDowell Rd., Phoénix 8, Ariz. 

MECL NOR/NAND ECL(47) 6 4ns 5.2 
MECL R/S F T,R 
ME CI. t1(48) 4es 5.2 

TO5• 
105* 

35 TO5 
TO5 

TO5 

PACIFIC SEMICONDUCTORS, Subsidiary of TRW Electronics, 12955 Chadron Ave Hawthorne, Calif. 
PSI910 Dual E 2mc 5F 15 

PS1911 Dual I 2mc 5F 16 
PS1912 F 2mc 5 17 
PS1913 AND G 2mc 5F +12 (8 
PSI914 OR G 2mc 5F +12 19 

PCF101 F(20) TCL dc-hoc 4 3 TO5* 
PCG101 NAND 6(21) TCL dc-5mc 4 3 TOS 
PCH101 11(22) TCL dc-5mc 4 3 T05" 

• Also available in TO18 case. 

PHILCO CORP., Lansdale Div., Lansdale, Pa. 
ix7004 NOR G RI 

M7005 R/S F R,T 

3 
2 

11 110mw TOS 
11 100mw 105 

+125 
+125 
+125 
+125 
+125 

samples 
samples 

samples 
samples 
samples 

samples 
samples 

stock 
stock 

—55+125 custom 

—55+125 aistom 

—55+125 custom 

—55+110 stock 

—55+110 stock 

—55+110 stock 
—55+110 stock 
—55+110 stock 

—55+125 2 wks 
—55+125 2 wks 
—55+125 2 wks 

—25+100 samples 
—25+100 samples 

TYPe  Fu nction Circuit Fan- Average Supply 
Pwr 

Pixy 
Temp 

No. 
APP 

(Fig) (Elements) Fr" out Doi" V 
Diss 

(Fig)  
Wt Range Avail 

RADIO CORP. 0 F AMERICA, Semiconductor and Materials Div., Somerville, NJ. 

DMC100 NOR NAND • D,T,R(41) 10mc 18es +7.5 
CM0911 S/S It D,T,R 8 .3-3ms +18 

CM0912 RIS F D,T,R 3 +18 
CM0913 Gil D,T,R 

CM0914 G 70 
CM0915 S/C D,T,R,C 3 +18 

• Performs all logic functions by interconnection of units. 

TEXAS INSTRUMENTS, P.O. Box 5012, Dallas 22, Tex. 
SN510 NOR/NAND F/C(9i) RCT lmc 4 75ns 

SN511• NOR/NAND F/C(9b) RCT lmc 75ns 
SN512 NOR/NAND 6(10) RCT 5 
SN513* NOR/NAND 6(11) RCT 
SN514 NOR/NAND 6(12) RCT 5 
SN515 NOR/NAND E(13) RCT 

• With emitter-follower output. 

TRANSITRON, Electronic Corp., Wakefield, Mass. 
3.5mc 
2mc+ 

• Variety of 3-dimensional configurations, assembled, encapsulated. 

WALKIRT, 10321 La Cienga Blvd., Los Angeles 45, Calif. 
MIA10333 Bist. MV bin. C 
MM10343 trig. 
IA110353• B EF 
14110383• DL AND G EF 
M6110413• NOT 
14110423• DL OR G EF 

18110433 Mono MV 
MM10443 
MM14433 Indicator driver: will drive #327 bulb 

• For dual units add"D" to Type No. 

10mc 
10mc 1 

10mc 3 

10mc 
10mc 
10mc 
5mc 
10mc 

+18 

3-6 

3-6 
3-6 
3-6 
3-6 
3-6 

14mw 42 
43 

43 
43 

43 

43 

2 
3 
2 
3 
2 
4 

14 
14 
14 
14 
14 
14 

12 150 * 

12 150 

+18 
+18 
+18 
+18 
+18 
+6 

.251.Ls +18 
+18 
+24 

32 
32 

32 
32 
37 
32 

32 
32 

WESTINGHOUSE ELECTRIC CORP., Semiconductor Div., Youngwood, Pa. 
AED2355A NAND 6(35) R,T,D 5 +6 25 TO5 

SEMICONDUCTOR ARRAYS 

Type 
App 

Circuit 

(fig) 

BV Ycm 11 FE Co 

(P• unit characteristics) 

Pwr 

Dias 
Pkg 

(Fig) 

CLEVITE CORP., 200 Smith St., Waltham 54, Mass. 
40 G 15 25ma 
D Quad' 90 10ma 

• Matched pairs and ring and bridge modulators also available 

1-5M4 20 (56) —65+90 custom 
4/14 s custom 

FAIRCHILD Semiconductor, 545 Whisman Rd., Mountain View, Calif. 
,.ET 1* HS T (49) 20 80 5pt 20its 500 TOS .125 samples 

.05gm 

.05gm 

.05gm 

.05gm 

.05gm 

.05gm 

4gm 
4gm 
4gm 

4gm 
4gm 
4gm 
4gm 
4gm 

—55+125 samples 
—30+90 samples 

—30+90 samples 

—30+90 samples 
—30+90 samples 

—30+90 samples 

—55+125 stock 
—55+125 stock 
—55+125 stock 
—55+125 stock 

—55+125 stock 
—55+125 stock 

custom 
custom 

—54+125 4 wits 
—54+125 4 wks 
—54+125 4 wks 

—54+125 4 wks 
—54+125 4 wks 

—54+125 4 wks 
—54+125 4 es 
—54+125 4 wks 

4 wks 

4 wkS ' 

r TyPe 
Na. 

APP 
Circuit 
(Fig) 

B V V CB o hFE Co Pwr 

Digs 

mw 

Pkg 
Ins) 

Temp 
Ronge 

°C 

Avail 

(Per unit characteristics) 

FAIRCHILD — (Continued) 
41:11* CC (50) 30 
j.LED2• CA (51) 30 
• Diffused, for integrated chi applications. 

RAYTHEON CO., Semiconductor Div., Lowell, Mass. 
PAK Quad • 36-100 

15ma 
16ma 

65ma 

4pf 7ns 
4pf 7es 

500 TOS +125 samples 
500 TOS +125 samples 

80 (55) —60+90 stock 
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COMPONENTS ENGINEERED FOR SPECIFIC RELIABILITY REQUIREMENTS 

For greater MTBF * 

increase tube life o 
up 1200/*;::: 

.1211 

Cinch heat dissipating 
tube shields 

* Mean Time Between Failures is a result of many factors, but tube 
failure due primarily to high bulb temperature is generally acknowl-
edged to be responsible for at least 70% of equipment breakdown. 

These Cinch tube shields are designed to provide a substantially 
cooler tube operating environment, reducing tube temperatures more 
than 50°C below bare bulb temperatures. 

MILITARY TYPE "B"—Cinch T5 and T6 Series are designed for 
new equipment applications. Each shield locks into a flanged base 
that mounts to the chassis through the tube socket mounting holes. 

Cinch T5 and T6 Series meet or exceed all physical and environ-
mental specifications of MIL-S-9372C and SCL-6307/2, including for 
vibration ( 15 g, 10-2000 cps), heat resistance (200°C). heat dissipation 
(required 20°C actual 50°C at sea level and 50,000 ft.) and salt spray 
(50 hour). 

300 
û-

260 

220 
co 

40 60 80 100 120 140 160 180 

AMBIENT TEMPERATURE IN C 
6005/6AQ5 Operating at Maximum Plate Dissipation 

*Tube life increases up to 1200% have been recorded in 
equipment using these tube shields, under actual operating 
conditions. This will naturally vary with tube type and 
operating temperature, ambient temperature, air circula-
tion, etc. 

JAN-TYPE REPLACEMENTS—C inch I R Series are 
designed as direct replacements for obsolete JAN shields 
(now specifically prohibited by all military services). Actual 
heat dissipation under MIL-S-9372C is 40°C. 

They meet all physical and environmental require-
ments of MIL-S-9372C, MIL-S-19786, SCL-6307/2 and 
FAA-R-777. 

FAST DELIVERY—Shiekls for all standard 7 and 9 pin miniature tubes are carried in stock. Most orders can be shipped 
immediately. Contact your Cinch representative or write us directly for detailed information. 

Manufactured under license agreement with Ckcls 71 on Inquiry Card 
International Electronic Research Corporation. 

CINCH MANUFACTURING COMPANY 
1026 South Homan Avenue, Chicago 24, Illinois 

Plants located in Chicago, Illinois; Shelbyville, Indians; 

City of Industry, California; and St. Louis, Missouri. 

A DIVISION OF UNITED-CARR FASTENER 

CORPORATON, BOSTON, MASSACHJSETTS 



CIRCUIT PACKAGES 
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EC62- 5 

LI 
SANGAMO BRINGS YOU 

F2eiteiencs 
THAT SET NEW STANDARDS OF RELIABILITY! 

Here's a "twist-tab" electrolytic capacitor designed specifically for the 

rigorous requirements of instrument manufacturers. Check this list of 

advantages over conventional "twist-tab" electrolytics. 

LONGER OPERATING LIFE 

(at 85°C) 

LONGER SHELF LIFE 

LOWER LEAKAGE 

LOWER ESR 

BETTER TEMPERATURE 
CHARACTERISTICS 

BETTER HIGH FREQUENCY 
CHARACTERISTICS 

LOWER POWER FACTOR BETTER END SEAL 

The new blue-cased Sangamo Type 505 capacitor has everything the 

instrument manufacturer needs in a dry electrolytic and ... no other 

capacitor can match this performance. 

Write today for engineering test data ... convincing proof that the 

new blue Sangamo Type 505 does establish 

new standards of quality and reliability. 

In electronic instruments of tomorrow look 

for the Blue 505—symbol of quality. 

ELECTRONIC COMPONENTS 

II 
SANGAMO ELECTRIC COMPANY 

SPRINGFIELD, ILLINOIS 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 
C. A Ilk dr, . wise% 
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SANGAMO 

SANGAMO 

SANGAMO 

SAINIGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SANGAMO 

SAN, GAMO 

SAN GAMIO 

SAN GAMO 

SAN GAMO 

SANGAMO 

SAN GAMO 

SANGAMO 
ELECTROLYTIC 

COMPUTER GRADE 
CAPACITORS 

• MAXIMUM CAPACITY IN SMALLEST CASE SIZE 

• HIGH RELIABILITY • HIGH ACCEPTANCE 

Sangamo Type DCM Capacitors are computer grade— 

have more capacitance per case size—operate under high 

ambient temperatures, are rated for high ac ripple currents, 

and add stability and long life to low voltage power supplies. 

That's why they are used by such computer makers as: 

BENDIX 

BURROUGHS 

GENERAL MILLS 

IBM 

NATIONAL 

PHILCO 

RCA 

RAYTHEON 

REMINGTON RAND 

ROYAL McBEE 

SOROBAN 

STROMBERG-CARLSON 

Sangamo was the first manufacturer to produce and establish 

standards for high reliability, computer grade electrolytic 

capacitors, and can engineer and produce units to 

meet your most exacting specifications. Complete 

information is yours for the asking. 

ELECTRONIC COMPONENTS 

«rek7A-> 

5 {. 
hoyo 
O 1654 

PN 1 LEIN I/ • 

SANGAMO ELECTRIC COMPANY 
SPRINGFIELD, ILLINOIS 
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A new class of logic circuits 

that are far simpler than 

anything being used today has 

been made possible through use 

of multi-aperture ferrite cores. 

A new digital telemetering 

system wHich makes use 

of these cores is described. 

UNTIL RECENTLY, there have 

been no basic changes in the meth-

ods for electrically implementing 

complicated logic functions. Al-

though transistor and diode logic 

are more advanced than relay logic. 

their logic circuits operate on much 

the sanie basic principles. The first 

commercial application of a new 

class of logic circuits has been an-

nounced by the Solid State Systems 

Div. of Motorola Inc. of Phoenix, 

Ariz. 

It has developed a new pulse-

operated. digital-type telemetric con-

ANEW 

DIGITAL 

TELEMETERING 
SYSTEM 

trol system that uses multiaperture-

core logic circuits. The system, 

named Telememory, is designed for 

remote operation of pipelines, power-

dispatch systems, water - distribu-

tion networks and bulk-loading ter-

minal facilities. It enables a man at 

a central station to monitor and con-

trol the flow of fluids or electric 

power at as many remote stations as 

system dynamics require. The re-

mote stations contain measuring 

instruments, control devices, and 

equipment for monitoring their own 

operation. The central station con-

tains a control console and displays 

for remote-station quantitative data 

and equipment-status reports. 

All the logic functions in this sys-

tem are implemented magnetically 

with multiaperture ferrite cores. 

Each core, about the size of a dime. 

is an integrated logic circuit capable 

By H. H. GEORGENS 

and L. 1. D UTH1E 
Solid State Systems Div. 

Motorola Inc. 

Phoenix, Ariz. 

SET 

BLOCK 

READ 

GATE APERTURE 

O 

OUTPUT 

(A) APERTURE CONTROL WINDINGS 

(D) UNBLOCKED 

CORE 

SET 

Fig. IA. Gate core drawing shows operation of a typical multi-
aperture- core circuit. Fig. I B. Applications of a Block pulse 
to center aperture causes a uniform flux pattern. Fig. IC. A 
Set pulse applied at aperture S unblocks the core and re-
verses flux along the path indicated by the dotted line. Fig. 1D. 
Core is now unblocked. Fig. 1E. Output of one core can be 
coupled to the Set input of another to unblock the second core. 

(B) BLOCKED GATE 

UNIFORM DOMAIN 

READ 

(C) APPROXIMATE SHAPE 
OF NEW DOMAINS 

(E) Coupling Between Cores 
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of performing a stated logic func-

tion. The core circuits, therefore, 

reduce both the number of compo-

nents in the system and the size of 

the equipment package. 

More important than the reduc-

tion in equipment size is the in-

crease in reliability achieved through 

simplification of the logic circuitry. 

Overall system reliability is fur-

ther increased by the properties of 

the cores themselves. They are made 

of a stable, homogeneous ferrite ma-

terial that is immune to environ-

mental effects and aging. Logic 

functions are implemented by chang-

ing the direction of magnetic flux, 

around the various apertures of the 

core. A feature of this type of cir-

cuit is that the flux density estab-

lished in the core is retained after 

removal of power. Thus, a power 
interruption cannot cause the cores 

to produce an unwanted control ac-

tion. Moreover, as information is 

stored in the remanent magnetiza-

tion of the core, readout is non-de-

structive and no standby power is 

needed for the logic circuitry; pow-

er is required only to change or read 

the magnetic state of the cores. This 

reduces the amount of standby pow-

er needed at remote stations. 

System Flexibility 

The flexibility inherent in the sim-

plicity and small size of the core 

circuits is fully realized by using the 

logic cores as the basis of a number 

of modular equipment packages. 

Each package is an integral sub-

assembly containing all the logic 

cores (and, where required, power 

transistors) needed to perform one 

of the system's basic operations. 

Any combination of monitoring and 

control capabilities can be provided 

by selecting and interwiring the ap-

propriate modules. The generic-

module packaging method also 

makes it easier to alter or expand 

the system at a later date. 

Telememory can vary from a sys-

tem that measures a single variable 

at one remote location to one that 

Fig. 2. Typical control 
console contains all 
the modules for cen-
tral- station functions 
and pushbuttons for 
manual system opera-
tion. Quantitative 
data and status con-
ditions can be dis-
played on the control 
console or on separ-
ate panels. 

performs a variety of supervisory 

and control functions at as many re-

mote locations as the dynamics of 

the application permit. Standard 

control options available with the 

system are stop/start, raise/lower, 

and open/close. These options can 

be used to operate pumps, gates, 

valves, circuit breakers, or other 

final control devices. The system 

can also include provision for the 
digital adjustment of set-points in 

remote control loops. 
The system's supervisory capabil-

ities consist of reporting quantita-

tive measurements, equipment sta-

tus, and alarm conditions. Standard 

subsystems, compatible with all 

common types of primary transduc-

ing devices, can be provided for the 

measurement of simple variables 

(amperes, level, pressure, flow, etc.) 

and such complex variables as mass 

flow. Subsystems can include com-

puting elements for totalizing quan-

titative data. 

System operation may be manual. 

semi-automatic, or fully automatic. 

In the manual mode the operator 

selects anti inicrrugitics remote sta-

tions individually. In the semi-auto-

matic mode the operator initiates a 

program in which all remote stations 

are automatically interrogated in 
sequence. A fully automatic system 

interrogates all remote stations in 

sequence at regularly scheduled 

time intervals; no operator action 

is required. 
Systems with either of the two 

automatic modes include data-log-

Fig. 3. Typical remote-station unit con-
sists of generic- function modules mount-
ed in standard relay rack. Modules meas-
ure only 4.4 x 6.3 x 1.0 inches. They 
are interconnected by taper pins. 
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e NOW 
FROM 
SPERRY 

Megawatts at L band ... 

A megawatt or more at X band ... 

or in between 

TYPICAL TUBES FROM SPERRY'S MEGAWATT LINE 

Type 
Frequency 

Mc 
Bandwidth 
Mc (1 db) 

Peak Po 

MW 
Avg Po 
kW 

Gain 
db 

Joules/ 
PLIse 

SAL-305 1215-1365 150 12.5 60 36 375 

SAL-320 1300 • 20 60 50 600 

SAS- 159 2856 v 25 24 50 62.5 

SAC- 167 5400-5800 100 1.25 8 47 37.5 

SAX- 151 9000-9500 500 1.0 10 40 30 

SAX- 191 8830-9200 370 1.25 6 50 37.5 

"490' 
For details on Sperry's broadband, high aver-

age power, phase linear, high pulse energy mega-
watt klystrons, write Section 170. Information 
about a wide selection of classified Sperry micro-
wave tubes is available with proper security clear-
ance and "need to know." Sperry is represented 
nationally by Cain & Co. 

ELECTRONIC 
TUBE 

DIVISION 

SPERRY RAND CORPORATION 
GAINESVILLE, FLA. / GREAT NECK, N. Y. 'Fixed-tuned—optimized for linear accelerator service. 



ging and data-processing equipment 

in the central-station unit. They also 

include provision for operator inter-

rupt of the programmed cycle to in-

sert corrective control action at one 

or more remotes. 

System Transmission 

Another aspect of the system's 

flexibility is its compatibility with all 

communications media. It can oper-

ate over 15-cycle telemetering lines, 

teletype lines, microwave, VHF or 

UHF radio, wire lines, or power-

line carriers. 

Telememory transmits informa-

tion between the central and remote 

stations in either binary-coded or 

binary-coded-decimal (BCD) form, 

depending upon the quantity and 

type of data involved. Either of two 

methods of pulse keying can be used: 

frequency-shift keying ( FSK) or 

pulse-duration keying. 

Both methods are based on a re-

turn - to - zero (RTZ) transmission 

structure in which the regular re-

currence of neuter pulses makes the 

clock rate implicit in the message. 

As a result, the transmitting and re-

ceiving stations are always syn-

chronized, and there is no possibility 

of errors due to out-of-sync opera-

tion. 

The FSK method uses three dis-

crete audio frequencies to key con-

stant-duration pulses with identities 

of binary One, binary Zero, and 

Neuter. Neuter is the center fre-

quency and is spaced between the 

binary-bit pulses in a bit-Neuter-bit-

Neuter pattern. 

The pulse-duration keying meth-

od represents binary One and Zero 

with constant - amplitude pulses of 

different (x and y) durations. Neu-

ter is the "off" interval between 

pulses. Messages consist of a given 

number of bits or pulses arranged in 

constant-duration time slots. Each 

time slot contains a binary One or 

Zero bit ( pulse) and a Neuter (non-

pulse). Binary One and Zero are 

recognized by comparing the length 

of the pulse with the constant length 

of the time slot in which it appears. 

Regardless of the keying method 

employed, or the communication 

medium used, Telememory is a qui-

escent system; unlike continuous-

interrogation systems it is normally 

at rest. Remote stations, therefore. 

can report alarm conditions and 

changes in equipment status as soon 

as they occur. Quiescent operation 

also permits the system to time-

share a communications channel 

with other transmissions without 

impairing reception quality. Conse-

quently the system is able to accom-

modate a greater number of remotes 

within a narrower bandwidth than 

is possible with continuous-scanning 

systems. 

Message Security 

The system has automatic error-de-

tection provisions to prevent incor-

rect readouts and control actions in 

the event of equipment failure or 

disturbance in the communication 

channel. Remote-to-central messages 

Out 

Tone 
transmitter 

In 

Tone 
receiver 

Transmitter 
register 

Shaper 

Branching 

Buffer 
input 

1. 4 

Supervisory 
inputs 

Remote 
units 
only 

Timer A 

Receiver 
logic 

Fig. 4. Diagram of generic- function modules 
used in both remote and central stations 
shows operation of the Telememory system. 
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115v Status 
60 cycles update 

Central 
unit only 

Controlled 
devices 
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Fig. 5. Core shape shown may be used to 
perform logical function S B + A B ( i.e., 
B or Not A and Not BI and to store the 
result. To implement this function, the core 
would require four windings: a clock wind-
ing and windings at apertures A, B and S. 

Fig. 6. The circuitry necessary to imple-
ment the equation of Fig. 5 with conven-
tional clocked logic is shown in the diagram. 

go through a two-part parity check; 

central-to-remote messages may go 

through as many as three parity 

checks. 

The remote-to-central parity check 

consists of counting the code pulses 

within a fixed time period. A mes-

sage that does not contain the cor-

rect number of code pulses and/or 

is not completed within the specified 

time period is rejected as invalid. 

The message is then retransmitted, 

either manually or automatically. 

Central - to - remote messages are 

subjected to the same parity check 

as described above. In addition, the 

message is checked for an m-ones-

out-of-n-bits code. Still further se-

curity may be provided by using a 

redundant code structure and bit-by-

bit comparison. 

A supplementary form of message 

security is carried out on all central-

to-remote command messages. All 

system commands are coded by the 

position of two binary One bits; the 

bits appear in different message slots 

in each command. The remote sta-

tion decoder scans each message to 

determine if the binary One bits are 

present in the proper slots. If the 

message scan shows that the com-

mand is not one of those assigned to 

the remote, the message is rejected. 

This security measure precludes the 

possibility of a control action being 

carried out at the wrong remote be-

-CLOCK PULSE AT ti 

AND OR 

• 

t2 

cause of interference-caused am-

biguity in the message address. 

Confirmation that command mes-

sages have been properly effected is 

automatic. All command - actuate 

buttons on the control console con-

tain lamps which light when the 
command has been carried out at the 

remote. 

A separate provision for detecting 

trouble in the communications link 
and remote-station receiving/trans-

mitting equipment is optional. This 

consists of an automatic interchange 

of test messages between the central 

station and all the remote stations. 

This self-exercising provision is 

generally used where communica-

tion between central and remote sta-

tions is infrequent. 

Logic Circuits 

The integrated multiaperture-

core logic circuits used in the system 

operate on small electrical pulses 

(applied to the apertures through 

copper windings) that switch the 

local magnetic flux around one or 

more of the apertures. Basic prin-

ciples of core design are based on 

A REPRINT OF THIS ARTICLE 
CAN BE OBTAINED BY WRITING 

on company letterhead to 
The Editor 

ELECTRONIC INDUSTRIES 
Chestnut & 56th Sts., Phila. 39, Pa. 
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two factors: ( 1) the effect that 

geometry has on the core's magnetic 
fields and (2) the location, magni-

tude, and direction of the magnetic 

forces that are necessary to estab-

lish and control these fields. Core 

shape determines the magnetic paths 

that can be reliably established with-

in the core. It also permits the local 

flux around an aperture to be 

switched without changing the re-

maining flux pattern in the core. 

Essentially, therefore, the function 

performed by the core is deter-

mined by the shape of the core and 

the windings placed in the core. 

Implementation of a logic function 

is accomplished by establishing and 

controlling the domains (well-de-

fined volumes within which the 

magnetic state of the material is es-

sentially uniform) around the core 

apertures. The core has a square 

hysteresis characteristic with a 

sharply-defined threshold level. Be-

low the threshold, the domain walls 

are stationary, and the core acts as 

a linear device. Above the threshold, 

the domain walls move, and the 

core's behavior is non-linear. The 

spread between the threshold level 

of the hysteresis curve and the 

amount of magnetic force required 

to move all the domain walls is a 

small one. Therefore, large sections 

of the core can be forced into the 

same magnetic state by a magnetic 

ELECTRONIC INDUSTRIES • January 1963 127 



TELEMETERING SYSTEM (Concluded) 

force that exceeds the threshold level 

by a relatively small amount. Re-

moval of excitation from the core 

leaves the newly established domains 

substantially unchanged; the core 

remains magnetized to some flux 

density and, thus, is capable of re-

membering its most recent history. 

Circuit Operation 

Operation of a typical multiaper-

ture-core circuit is shown in the 

drawings of a simple gate core 

(drawing A). The core has no ex-

ternal components. It has three 

apertures and four separate wind-
ings for Block, Set, Read, and Gate 

(the output) functions. A Block 

pulse will close the gate and a Set 

pulse will open it, when certain con-
ditions are met. 

Application of a Block pulse to 

the large center aperture saturates 

the core and causes its flux pattern 

to become uniform (drawing B). 

The Block-pulse current level is 

enough to produce a coercive force 

of about twice the magnetization 
threshold of the core's ferrite ma-

terial. 

A Read pulse introduced into 

aperture 0 of the blocked core 

(drawing B) is unable to produce a 
usable output signal across the out-

put winding. This is because the two 

available legs around aperture 0 are 

already saturated by flux estab-

lished in opposite directions. Op-

position of the flux paths acts, in 

effect, as an air gap that minimizes 

transformer coupling to the output 
winding. 

A Set pulse applied to aperture S 

unblocks the core. The current level 

of the Set pulse is high enough to 
reverse flux along the path indi-

cated by the dotted line in drawing 

C. Since this path includes one leg 

of aperture 0, a new condition is 

created in which the flux paths 

around the aperture are in the same 

direction. In this condition, the 

simulated air gap between the Read 

and Output windings no longer 

exists. The core is now unblocked 

(drawing D), and the Read pulse 

is able to induce a signal in the out-

put winding by simple transformer-

coupling principles. 

The output of one multiaperture 

gate core can be coupled to the Set 

input of another (drawing E) to 

unblock the second core. In this 

manner, it is possible to propagate 

flux switching through a long chain 

of cores without any interposing 

amplifying devices. This is the 

method used in the logic modules of 

the new system. 

System Operation 

Central Station: The operator 

initiates transmission of a message 

by actuating the appropriate push-

buttons on the control console ( Fig. 

4). Contacts within the pushbutton 

load the message in parallel form 

into the Transmitter Register. In 

response to pulses from the Clock 

and Timer A, the Transmitter 

Register shifts out the message 

serially to the Shaper. The Shaper 

alters the width and amplitude of 

the pulses to make them compatible 

with the communication equipment. 

(Pulse-duration transmitter and re-

ceiver can be substituted for the tone 

transmitter and receiver shown in 
the diagram.) 

The remote-station reply message 

begins with a long Neuter, which 

opens the squelch on the central-

station Receiver. Message pulses 

pass serially through the Shaper and 

Receiver Logic to the Receiver 

Register. As the pulse train enters 
the Receiver Register, the Parity 

Check and Timer B modules count 

the pulses and overall time duration 

of the message. An invalid message 

will not be routed to the central-sta-

tion display; failure of a confirma-

tion signal to appear at the central 

station notifies the operator that the 

command message must be retrans-
mitted. 

Pulses of a valid message are 

shifted in parallel from the Receiver 

Register to the Decoder, where the 

remote-station identity and status-

or quantitative-data content is de-

coded. The message signals are then 

amplified and routed to the appro-

priate lamp or digital display. Con-

currently, the Alarm Recognition 

module scans the message for alarm 

bits. If alarm bits are present, visual 

and/or audio alarms are actuated. 

Remote Station: A command 

message received at the remote sta-

tion is fed serially through the 

Shaper and Receiver Logic to the 
Receiver Register. It is checked for 

parity (by the Parity Check module 

and Timer B) and, if valid, sent in 
parallel into the Decoder. 

Besides decoding the message, the 

Decoder checks the message for 
proper structure. Two binary One 

bits must be in specific message 

slots, the location of which is unique 

for each command in the system. If 

this message check shows that the 

command is not one of those assigned 
to the remote, the message is re-

jected. 

A message that passes the com-

mand-code check is decoded and sent 
through the Gated Amplifier and 

Driver modules to the relays that 
operate the appropriate control or 
readout devices. 

After the central-station command 

has been effected, the reply message 

is fed from either a measurement 

subsystem ( if quantitative data) or 

the Buffer Input ( if status data) to 

the Branching module. The Branch-

ing module routes the reply mes-

sages into the Transmitter Register. 

The message then goes to the Shaper 
to be prepared for transmission. 

An important feature of remote-

station operation is the immediate 

reporting of any non-commanded 

change in equipment status. This is 

done by the Buffer Input, which con-
tinuously monitors status-indicating 

contacts; any change in contact posi-

tion causes the transmission of a 

status-update message to the cen-
tral station. 
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These high temperature metallized ceramics were produced by both the 
active metals and the sintered metal powder method. Note the part in the 
upper left hand corner which is injection molded to close tolerances, with 
critical dimensions ground and metallized, gold plated finish for soft 

solder or brazing. 

These ceramics were metallized by attach-
ment through cementing or compression. 

A subsidiary of 
Minnesota Mining and 

Manufacturing Company 

4 

_ . 
Move: These lower temperature 
metallized ceramics were produced 
with silver-glass frit and other 
processes. 

Metallized bushings. 

High temperature metallized minia-
ture ceramics with 0.D. .0815 ± 
.003 with two holes .017 ± .0015, 
thickness .016 ± .002 are supplied 
with gold or other finishes. 

UNDER A 
SINGLE RESPONSIBILITY 

American Lava offers the widest variety of ceramic 
compositions available from a single source and 
all present commercial metallizing processes and 
related finishing processes. Electroplating facilities 
include copper, tin, nickel, silver, gold and cad-
mium. Electroless nickel, solder coating, and other 
special finishes are also available. As a progress 
report, these items from regular production are 
shown. They represent volume production, not 
pilot plant or laboratory developments. If you 
will outline your requirements, our engineers will 
be glad to make suggestions. Prototypes for your 
own testing can be furnished at reasonable cost 
from a specially expedited department. 

Circle 77 on Inquiry Card 

Bulletin No. 612, AlSiMag Metallized 
Ceramics, wtll be sent on request. 

Miniature high temperature feed 
thrus. 

Rings cp to 1" long can be metal-
lized D.D. and I.D. with no bleed 
over on ends with tolerances as 
close as ± .0005 on length by 
grinding. 

Ultra-thin and flat ceramics can 
be metallized on both faces to 
close tolerances. 

Squares or rectangles at small as 
.040 ± .002 n .080 ± .ao2 s .025 
4- .002 thick metallized both faces. 

Maximum bleed over .002 fcr soft 
solder or brazing. 

AMERICAN LAVA CHATTANOOGA S. TENN. 

COR PORATION 60TH YEAR OF CERAMIC tEADERSHIP 1  

For service, contact American Lava representatives in Offices of Mienesota Mining and Manufacturing Co. in these cities (see your local 
telephone directory): Boston: Needham Heights, Mass. • Chicago: Bedford Park, Ill. • Cleveland, Ohio. • Farmington. Mich. 
Laurens, S. C. • Los Angeles, Cal. • Milwaukee, Wis. • Metropolitan New York: Ridgefield, N. .1. • Up-State New York: Newark, N Y. 
Philadelphia, Pennsylvania • Richardson, Texas • St. Paul, Minnesota • South San Francisco, California • Seattle, Washington 

All export except Canada: Minnesota Mining and Manufacturing Co., International Division, 99 Park Ave., New York, N. Y. 
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#65 INDUCTIVE AND 

CAPACITIVE REACTANCE 

THE CHARTS ARE USED to solve the equations for 

inductive and capacitive reactance: 

XL -= 2 rfL 

Xc = TÍC 

where: XL = inductive reactance, ohms 

f = frequency, cycles per second 

L = inductance, henries 

Xc = capacitive reactance, ohms 

C = capacitance, farads 

Chart A is used to determine the approximate mag-

nitude and decimal point location. Chart B is used 

to determine the significant figures. 

Examples: 

(1) Using Chart A, 10 mh at 10 KC is approximate-

ly 600 Q. Using Chart B, the significant figures 

are shown to he 6.3; therefore the answer is 
630 S/. 

(2) Using Chart A, a capacitance of 5p.f at 400 1%1 c 

is in the 10-5 decimal range. Using Chart B the 

significant figure is found to be 8.0. The re-

actance is thus 8 x 10-5 û. 

Mir IIMISEILIMIF 

Chart A: Use to determine magnitude and decimal location. 
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in SERIES REGULATOR Circuits 

Transistors Must Handle POWER . . . 

UNREGULATED 

MOTOROLA 170-WATT POWER TRANSISTORS 

ARE BUILT TO TAKE IT: 

The most important measurement of a power 
transistor in a series regulator circuit is its ability to 
absorb power. Motorola's TO-36 germanium power 
transistors, with 110°C maximum junction tempera-
ture and thermal resistance of only .5°C per watt, 
are rated for 170 watts at 25°C case temperature... 
the greatest power capability of any germanium 
power transistors today! ( The power handling factor 
of a transistor can be calculated by dividing the dif-
ference between its maximum junction temperature, 
and 25°C, by its thermal resistance rating.) 

In high-current applications higher power capa-
bility can actually reduce the number of parallel 
units required for a given set of power conditions. 
Use of fewer transistors, in turn, eliminates the need 
for the extra resistors, capacitors, etc. normally used 
to adapt each device to the circuit and reduces the 
total heat sink area required. 

The result? Simplified, more rugged series regu-
lator designs ... and excellent cost savings! 

REGULATED 

Low Silhouette 

TO-GB Pac..kage 

MOTOROLA TO-36 POWER TRANSISTORS° 
h,E (mm) Ce. I, {amps) Type NumIer 

20 
35 
50 
80 

5 

2N2075 thru 2N2078 
2N2079 " 2N2082 
2N2152 " 2N2154 
2N2156 " 2N2158 

25 
30 
40 
50 

15 

2N2152 thru 2N2154 
MP500 " MP502 
2N2156 " 2N2158 
MP504 " MP506 

15 25 2N2152 thru 2N2158 
12 53 MP500 thru MP506 

' All types have TJ(max9.110°C. 0.1=0.5C/W(max) 

Units are available from your local Motorola dis-
tributor or your nearest Motorola District Office . . . 
many types with "Meg-A-Life" reliability data. For 
complete technical information on any of these de-
vices contact the Technical Information Depart-
ment, Motorola Semiconductor Products Inc., 5005 
East \ I ( i)owell Road, Phoenix 8, Arizona. 

MOTOROLA 
Semiconductor Products Inc 

a St.,IS,DIARY n MD -rOROLA . NC 

E- 122-0C , 

5005 EAST McDOWEILL ROAD • PHOENIX 8, ARIZONA 
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STAIN FREE DRYING 
1110ROUGII, AND STAIN FREE DRYING of mate-

rials used in the assembly of transistors, crystal 

holders and other components requiring a glass-to-

metal seal has become increasingly important. 

In supplying such parts, Isotronics, Inc., Saddle 

Brook, N. J., found an expensive and delaying bottle-

neck. This was in the finishing room during drying 

after the parts were cleaned and rinsed in aqueous 

solutions. A typical component requires three to 

four cleaning and drying operations before shipment 

because before every assembly operation, finger 

marks, oxides, scale and other contaminants must be 

removed to insure a proper bond. 

Although cleaning or washing in a water and 

detergent mixture presented no problem, drying with 

a methanol and acetone dip not only was expensive 

and time consuming, but inefficient. The product fre-

quently retained residues and other stains. Consump-

tion of 20 to 25 gallons per day of methanol and 

acetone was regarded as too high. 

Through investigation into a better drying process, 

the firm learned of a "Spotless Dryer" made by 

Phillips Mfg. Co. of Chicago, a company licensed by 
Imperial Chemical Industries, Ltd., a British con-

cern that developed the system. The dryer, trade 

named "Trisec," works on the principal that certain 

cationic surface-active agents dissolved in a chlori-

nated solvent are strongly absorbed at the surfaces 
of metal or glass objects; that these surface-active 

agents preferentially wet the objects and displace the 

water. The result is a perfect water free surface on 

the cleaned object. The displaced water mixes with 

Cleaning operation: Trisec displaces water; Trisec rinsed. 

the Trisec to form an azeotropic mixture with a 

boiling point nearly 14°C. below that of the solvent 

by itself, and rapidly boils away. 

The Trisec Dryer is a single piece of equipment 

consisting of two heated chambers. The water wet 

work is placed in the first chamber where the Trisec 

displaces the water. Then the work is transferred to 

the second chamber where the Trisec is rinsed off. 

Upon removal, the vapor over the immersion chani-

bers dries the work completely, leaving a perfectly 

clean, stain free surface. The entire operation takes 

less than 45 seconds. 

The uniqueness of the process is the manner in 

which it is different from other water displacement 

methods. The removal of water has been accom-

plished before by immersing wet parts in various 

commercial water displacing liquids. However, the 

water displacing liquid then became difficult or ex-

pensive to remove from the work. The water dis-

placement bath rapidly ceased to function efficiently 

and had to be thrown away because of excessive water 

contamination. Also, the same problem occurred in 

the following bath where the water displacement 

liquid was removed from the part. 

In the Trisec process, the water displacing agent 

is inter-mixed and is compatible with the solvent that 

removes it. Thus only one solvent and a single piece 

of equipment is required. Also, due to the character-

istics of the solvent and the equipment, the water 
taken from the parts and placed in solution is auto-

matically removed from the solution and discharged 

from the machine. The solvent is, therefore, used 

over and over again without water, other contamina-

tion or expensive operating difficulties. 

With the Trisec Dryer, consumption of solvent 

dropped from 20 gallons methanol and acetone per 

day to approximately 5 gallons per week of Trisec. 

Also, costs of handling were reduced some 15%. 

GaAs AS AN INFRARED SOURCE 
GALLIUM ARSENIDE (GaAs) is used in a diffused pn 

junction diode as a promising infrared source. The 

IR source, SNX-100, is an experimental device de-

veloped by Texas Instruments Incorporated and is 

intended for engineering evaluation. When biased in 

a forward direction, the device emits light of rela-

tively narrow spectral width in the near infrared. 

(Continued on page 134) 
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Continuous Thin Film System 
THE FIRST CONTINUOUS PROCESS 

to make thin film electronic circuits 

was shown recently to the Navy 

Panel on Microelectronics at the 

Naval Avionics Facility in Indian-

apolis ( NAFI), Indianapolis, Ind. 

The system was developed by Inter-

national Business Machines Corp. 

at its Kingston, N. Y., facility. Still 

in the pilot stage, the equipment 

produces devices many times faster 

than the step-by-step methods used 

until now. Every hour, the equip-

ment can turn out as many as 750 

circuits containing a total of over 

3000 thin film components. 

The system is designed to fabri-

cate passive microminiature thin 

film networks continuously in a 

four-stage deposition. Glass sub-

strates are transported mechanically 

through four interconnected vacuum 

chambers separated from the loading 

magazines and source chambers by 
vacuum locks. 

The 2x2x1-Y2 ft. chambers con-

tain substrate conveyors. substrate 

heaters, and mask changers. Smaller 

chambers are attached to each of 

these main chambers, containing the 

evaporation sources. The pilot sys-

tem evaporates four layers of mate-

rial onto a 3-/x5-3/16 in. substrate 

with precise control over evapora-

tion rate, substrate temperature, film 

Technicians operate 

thickness, chamber pressure, and 

transfer mechanism. All pumping 

components are mounted on trans-

portable platforms. Valves are elec-

tro-pneumatically controlled. During 

deposition, the chamber pressure re-

mains between 5x10-6 and 5x10-6 

Torr. Commercial vacuum compon-

ents and fittings are used to facilitate 

maintenance. The equipment can be 

operated without the need of a clean 

room in any non-corrosive manufac-

turing environment. 

The transport mechanism posi-

tions masks and substrates inside 

the vacuum changer with a mini-

mum of operator control. It also 

handles and stores additional masks 

and substrates. 

In each chamber, up to six masks 

are stored in a cartridge. A mask 

changer removes a clean mask from 

the cartridge, positions it to register 

with the substrate holder and returns 

the "dirty" mask to the cartridge. 

The changer contains a heater to 

raise the temperature of the mask 

to that of the substrate. Registra-

tion accuracy is better than ±0.002 

inches. 

The equipment is designed for a 

flexible refitting for various deposi-

tion sequences. 

Experience shows that the com-

ponent density of the deposited pat-

tern can be increased considerably. 

the first system that produces thin film circuits continuously. 

NEW 

111111AMINNITIME 
TRANSISTOR 
PULSE 
TRANSFORMERS 

• COMPLETELY METAL CASED 
• Hermetically sealed 
• Manufactured and guaranteed to 

MIL-T-21038B, Grade 6 — (previ-
ously Grade 4 of MIL-T-27A) 

• 5/16" Dia x 3/16" Ht, Wt 1/20 oz 
• Ratios-4:4:1 and 5:3:1 
• Anchored leads, withstands 10 

lb pull test 
• Printed circuit use, plastic in-

sulated leads 
• Can be suspended by leads or 

I clip mounted 

These transistor pulse transformers are 
ideal for either blocking oscillator or 
coupling circuit applications. The PIP 
design affords many times the tempera-
ture stability and power hand!ing abili-
ties found in larger conventional pulse 
transformers of the miniature variety. 
The unique UTC DO-T family construc-
tion employed provides inherent ' field. 
proven" reliability. Pulse widths avail-
able range from .05 sec to 10 µsec. 
Rise trne is as fast as .01 gsec. 

All units are individually adjusted. 

IMMEDIATE DELIVERY 
From Stock 

UNITED 
TRANSFORMER 
CORPORATION 

150 Varick Street, New York 13, N.Y. 
PACIFIC MFG. DIVISION 

3630 Eastham Drive, Culver City, Calif. 
EXPORT DIVISION 

13 East 40th Street, New York 16, N. Y. 

WRITE FOR Li 1TALOG 
Circle 79 on Inquiry Card 
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GaAs As An Infrared Source (Continued) 
An interesting aspect of the device is its ability to 

be modulated by varying the forward current that is 

applied to the input. Some possible uses for this de-

vice are in secured optical communication links, 

transmission of TV signals, light source for tape or 

card readers on computers, as a source in IR radar 

equipment, and for logic circuits. 

The unique device consists of a wafer about 50 mil 

x 50 mil. The emitting junction covers the entire 

wafer surface. It is packaged in JEDEC TO-18 can 

with a glass top for light emission. ( See Fig. 1). 

For uncanned units, the radiation pattern closely 

follows a cosine law with maximum intensity in a 

direction normal to the emitting surface. The radia-

tion pattern is independent of temperature down to 

—195°C. In the can, the radiation is limited to within 

Fig. 1: Gallium ar-
senide diode shown 
is an incoherent in-
frared source. Light 
is emitted from the 
top of case which 
has a window. 

SNX100 

LS400 ,/) 

500 cps 

FEEDBACK 

NETWORK 

Fig. 2: An active circuit using the GaAs diode is shown. 

a 30 degree angle from normal. The wavelength of 

peak emission is 0.897 micron at 25°C case temper-

ature. Additional emission has been noted with peaks 

at 0.95 and 1.2 micron. However, this accounts for 

only a small percentage of total power output. 

An active circuit was constructed using an S NX-

100 and an LS-400 silicon photo device. This is 

shown in Fig. 2. The transmission of information by 

infrared radiation provides electrical isolation be-

tween input and output. The spectral output of the 

S N X-100 is well suited for use with silicon photo 

detectors. Power gain is demonstrated in Fig. 2 by 

the presence of oscillations when positive feedback is 

applied. 

Further information is available from Texas In-

struments Incorporated, Components Division. 13500 

N. Central Expressway, Dallas, Tex. 

"SCEPTRON"-FIBER OPTICS PATTERN RECOGNITION 
SPERRY GYROSCOPE Co. has developed a minature 

"brain cell" of optic fibers that can listen to, under-

stand, and react to human commands. 

The Sceptron (for Spectral Comparative Pattern 

Recognizer) automatically classifies complex signals 

or events such as spoken words, spectral signatures 

of vehicles, advanced sonar and radar returns; any 

information that can be changed into an electrical 

signal. 

It has great storage and processing capacity. The 

latest Sceptron is 1/300 of a cubic inch with a pack-

age density of 300,000 frequency channels per cubic 

inch. In many applications this would permit 300 

complex signatures to be stored and recognized in 

a cubic inch. In effect, this makes it possible to 

process as much information in a match box as would 

normally require a full-scale computer. 

The Sceptron is self-programming. All the steps 

necessary to prepare a Sceptron to recognize a com-

plex signal can be done automatically using the signal 

itself without any knowledge of the signal character-

istics and without knowledge of exactly how the 

(Continued on page 235) 

L. Balandis of Sperry triggers a Sceptron that has been " taught" 
to react when the word " five" is spoken into the microphone. 
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$$$ for Circuit Designs 

Have you come up with any simple or unique circuit 
designs lately? Do you think that they would be useful 
to fellow engineers? If so. why not send them to us for 
possible publication? We pay our usual space rates for 
those accepted. Please keep them as concise as possible 
and send to: Circuit Design Editor, ELECTRONIC INDUS-
TRIES, 56th & Chestnut Sts., Philadelphia 39, Pa. 
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A REPRINT OF THIS ARTICLE CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut 6. 56th Sts., Phila. 39, Pa. 
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Seeing is believing...and you can see it for Free! 

2-piece permanently locked housing 

Large, polished nylon lens 
resistant to oil and detergent damage 

long-life 25,000 hour neon lamp 

.187 Faston tabs eliminate pigtails 
and multiple part stocking 

flextble nylon mounting wings 
for fast and secure installation 

You pay nothing at all for a sample of our new 
AMPILLUME* Neon Indicator Light. It's yours... 
free! 

We've got good reasons, of course. Check it 
against the features listed below. See for yourself 
why it's a good buy for you. In addition, while 
you're considering the low price, have it right 
there to see the quality that AMP has built into it. 

AMPILLUME Neon Indicator Lights give you all 
these things. Low price—the lowest in the field. 
Fast delivery—the fastest anywhere. Quality and 
reliability— right up to AMP standards. And, all 
the features you see listed here: 
• terminated with . 187 tabs—standardization— 
eliminates pigtails anc stocking of multiple parts 
•self mounting • mounts in standard . 514—.519 
mounting hole—no need to retool • excellent 
light dispersion and intensity • large lens area 

*Trademark of AMP INCORPORATE) 

INCORPORATED 
Harrisburg, Pennsylvania 

• all nylon housing and lens— highly resistant to 
oil and detergent damage • 25,000 hour bulb 
operating life • tabs separated by nylon barrier 
to prevent shorting. 

Send for your free sample of the AMPILLUME 
Neon Indicator Light today! IDEAL FOR USE in--
computers, ground support equipment, aircraft, 
washers, dryers, ranges, vending machines, freez-
ers, dishwashers and many other applications 
requiring indicator lights. The AMPILLUME Neon 
Indicator Light is available in a variety of shapes 
and sizes. Send us your specifications. 

AMP products and engineering assistance are available through subsidiary companies in: Australia 
• Canada • England • France • Holland • Italy • Japan • Mexico • West Germany 
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NEW 
G-E MINIATURE LAMP CATALOG 
Complete dimensional and electrical specs for over 750 lamps; 
your one source for any application: Aircraft • Automotive • Flash-
lights and hand lanterns • Electrical discharge • Glow lamps • Sealed 
Beam • Bicycle • Coin machine • Instruments • Indicators • Marine 
• Medical • Signal • Toy trains • Flasher lamps • Decorative and 
Christmas • Telephone • Electroluminescent . . and many more. 

All in a new, easy-to- use work book designed to save you time. 
For your free copy, write: General Electric Co., Miniature Lamp 
Dept. M-44, Nela Park, Cleveland 12, Ohio. 

Accent 

Progress /s Our Most important Product viLe 

GENERAL ELECTRIC' 

NEW LINE OF LINEAR 
INTEGRATED CIRCUITS 

.\ line of linear amplifiers in in-

tegrated circuit form is now available 
as off-the-shelf items from Texas In-
struments Incorporated. 

This month TI introduces " Series 
52- in their " Solid Circuit- line of 
semiconductor networks consisting of 

the SN521. a basic (l-c operational 
amplifier: and the SN522, which is es-
sentially the same amplifier with an 
emitter-follower output. 

These two circuits represent the am-
plifiers most commonly used today in 
analog to digital converters. feedback 
amplifiers, integrators and differenti-
ators. 

The " Series 52- networks contain 

two PNP and five NPN transistors 
diffused into a single block of silicon. 

Each tran ,istor can be used as a diode 
if desired. 

The circuit bars also contain six 
tapped re-i-tors, from 5,000 to 5(1.000 
ohms. 

S. A. WOOD TO HEAD 
DE FOREST PIONEERS 

Sidney A. Wood has been elected 
President of the De Forest Pioneers 

for 1963. The society was formed in 
1952 to bring together men who work-
ed and associated with the late Dr. Lee 

De Forest, famed electronic pioneer 
and inventor of the three-element vac-
uum tube. 

Wood is Chairman of the Board of 
\Vilbur B. Driver Co., Newark, N. J., 
manufacturer of electronic alloys. 

COMPUTER TALK 

As girl dials phone, computer at North 
American Aviation's Space & Information 
Div., Downey, Calif., transmits at 3,000 words 
per min. to computer at division's Tulsa fa-
cility. Data goes from magnetic tape com-
puter ( rear) to phone dial equipment where 
it is converted to tone signal. Tone goes 
to phone equipment in Tulsa and is con-
verted back to tape. 
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WHEN IT MUST BE RELIABLE 

LICON BUILDS THE SWITCH 

IN LIGHTED 

PUSHBUTTON SWITCHES 

CLICK 

CLICK 

ONLY 

CLICK 

CLICK 

LICON 
CLICK 

CLICK 

REPEATS 

CLICK 

CLICK 

REPEATS 

CLICK 

CLICK 

REPEATS 

CLICK 

CLICK 

REPEATS 

CLICK 

CLICK 

two 
types lb 04 
of lighted pushbutton switches...the highest ratings...optimum legibility 
Licon has added a new concept of color, combined with the 
world's finest, most reliable subminiature switch, the Licone 
Type 16. Colors are aggressive, intense—projected with corn- (41 r-
plete saturation—provide signals clearly understood even in - 
well-lighted surroundings. MIL quality switching mechanism CD 
is simplified, always dependable, lasts over five times as long 
as conventional subminiature switches. See back of page for — e 
complete specifications and additional switch data. 

eol 



04 

Four- bulb type for utmost re-
liability. Light module lifts out 
and bulbs are replaced quickly 
without special tools. Unique 
color clarity and diffusion give 
complete saturation— color and 
legend instantly identifiable 
even in strong ambient light. 
Standard in three display screen 
styles—full, vertically split or 
horizontally split. Engraved or 
insertable legends. 7/8" sq. dis-
play screen. Less than 3" long. 

Single bulb illuminates selected 
color. Removable operating 
button, fast bulb replacement. 
Same dependable switch as the 
four bulb Model 04. Requires 
less back-of- panel clearance 
than a conventional toggle 
switch; provides twice the ra-
ting. An inexpensive combina-
tion of panel indicator and con-
trol. Available with or without 
engraved legend. 5/8" square or 
round indicator button. 

Licon Lighted Pushbutton 

r 
L 

01 

don't meet standards ... they set them 
RELIABILITY. No other lighted pushbutton switches even 
resemble Licon's performance, long life, and reliability. 
Minimum switch life at full 10 Amp rating is 200,000 
cycles; at the conventional 5 Amps, 750,000 cycles. All 
metal parts are corrosion- resistant. 
HIGHEST ELECTRICAL RATINGS. 10 Amps, 30 VDC-
125/250 VAC—twice that of conventional subminiature 
switches. Exclusive double-break mechanism increases 
electrical performance, life, and capacity—permits a 
single switch to handle two isolated circuits rated up to 
7 Amps, 30 VDC each. 
HUMAN FACTORS ENGINEERED. Momentary-contact units 
(which reset when button is released) and maintained-
contact type (requiring one push to actuate, a second 
push to release) give the operator the positive feel re-
quired by Human Factors engineers. Lighted pushbuttons 
eliminate potential human error in relating a separate 
signal light to its corresponding switch. 
EXCLUSIVE SWITCH FEATURES. Model 04 provides in-
tense, selective pushbutton colors; red, green, yellow, 
amber, blue, white—without hot spots or dimly lit button 
edges—for maximum visibility. With Licon's unique 
canted filters, one bulb is sufficient for screen illumina-

tion of projected colors—but two bulbs for each color 
provide a margin of safety against bulb failure. Also avail-
able with colored screens for "color-on/color-off" display. 
Y" 8" square shape is ideal for horizontal or vertical ganging. 
Model 01 offers single bulb illumination and economy 
while providing quality panel appearance. Buttons avail-
able in red, white, blue, green or yellow; plain or engrav-
ed, %," square or round. 
SIMPLIFIED INSTALLATION AND MAINTENANCE. In both 
series a single, compact component replaces conven-
tional systems of separate panel lights and switches 
—cuts panel size, installation time, 
and wiring by half. For complete 
product information on the Licon 
04and 01 pushbutton switch series, 
write for descriptive brochures. 

LICON 
DIVISION ILLINOIS TOOL WORKS INC. 
6615 WEST IRVING PARK ROAD • CHICAGO 34, ILLINOIS 
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DESIGNER'S GUIDE TO: 
LAMPS 

INDICATOR LIGHTS 

ILLUMINATED SWITCHES 
The increase in computers, data processing equip-

ment, instrumentation and automation has created a 

vast demand for indication devices. The most widely 
used are indicator lights and illuminated switches. 

Their basic component is the lamp—either incandes-
cent or neon. What are the parameters that will deter-

mine what kind.of a lamp you can use in your project? 
The major factors in using indicator lights are 

discussed in the second article of this 3 part series. 

A thorough study of the transistor- controlled indicator 

light, now coming into increased usage, is also included. 

Illuminated pushbutton switches are simple—when 
you're looking at the lighted screen. Behind the panel is 

where the complications start. What kind of switching 
action, how many poles, and what reliability do you 
want? 

Check-lists for specifying and buying, comparison 

charts, and human factors information are included in 

all 3 articles of this designer's series. 

By LOUIS S. GOMOLAK 
Assistant Ett,tor 

ECTRONIC INDUSTRIE 



How do reliability and miniaturization 

affect your choice of a lamp? 

The 3 classes of lamps for indicating devices: 

large, miniature, and sub- miniature are 

thoroughly discussed. Data on micro-miniature 

types is also given. Handy check-lists for 

specifying and buying.- along with comparison 

charts are included. 



THE LINK BETWEEN MAN AND MACHINE iS most fre-

quently light. Lights—indicating lights and illumin-

ated switches—tell man just what his machine is 

doing. The reliability of any piece of equipment is no 

better than the reliableness of its indicating unit. The 

following example should bring this point home. 

Flight 424, in-bound to Philadelphia In-
ternational, approaches the landing pattern. 

The co-pilot runs through the check-list. 

"Gear down." 

"Handle in the down position." Replies 

the pilot. Suddenly, the darkened cockpit 

is lit by a flashing red light. 

"Got a red one on the gear. Might be 

down, but its not locked. Let's run it 

through again." 
They re-cycle the landing gear. Minutes 

go by and still nothing they do turns off the 

blinking red light. The crew uses every trick 

in the book. Finally, the red light goes out— 

a green one takes its place. 

"Gear down and locked." 

A tiny light, one among many in the instrument 

crammed cockpit, has given its warning; another its 

reliable O. K. The multi-million dollar jet lands 

safely. 
Lamps for indicating use come in 2 types, incan-

descent and neon glow. They have their advantages 

and dis-advantages. Each is suitable for specific jobs. 

Let's talk about the incandescent types first. 

Incandescent Lamps 

Under this heading there are 2 divisions—high 

voltage and low voltage. The high voltage ( 105-125 

and 210-250v) are usually called "Large Lamps." 

This is not because of size, but determined by the 

voltage rating. The low voltage ( 1-55v) are grouped 

under "Miniature" and "Sub-Miniature" headings. 

A miniature lamp measures under an inch in diam-
eter. As the lamps become smaller, under X inch, 

they are known as sub-miniature. When they are so 

small that it's difficult to even see them, they are 

called " Micro-Miniature." 

Large, miniature, and sub-miniature lamps are 

used for indicating devices on computer consoles, 

Light at his fingertips. Astronaut John H. Glenn, Jr., holds up 
hands, during pre- launch check-out, to show the miniature lamps, 
on the index and middle fingers of each hand, which he used to 
read instruments and charts. Battery operated, the lamps produced 
5 candlepower, directed through fixed- focus lens in each lamp 
end. Lamps measured 1/2  in. long and were designed into suit after 
sub-orbital flights of Alan B. Shepard and Virgil Grissom. 
(Courtesy R. F'. Goodrich) 

instruments, machinery and panels. The micro-mini-

atures are finding use in dry-circuit applications, as 

readout devices, and as optical point sources. 
Incandescent lamps are made of a filament, an 

evacuated bulb, and usually a base. The filament is a 

thin diameter wire, enclosed within the glass bulb. 
The base is for support of the bulb, and for electrical 

connection of the filament. 

Filaments are usually strung on supports within 

the bulb. The universal filament material is tungsten. 

This is because of its high melting point and low 

evaporating rate. 

Incandescent lamps work on the resistance heating 

principle. When the design voltage is applied, cur-

rent flows through the filament. It offers resistance. 

The tungsten heats to operating temps. of 2000°K 

and higher. Power is given off in the forms of heat 

and light. The Candle Power (C.P.) is determined 

by filament temp. and power input. 

Lamps are generally operated at design voltage. 

Therefore you get the designed result in terms of 

power input and C.P. output. This is because at de-

signed filament temp. you get designed efficiency. If 

the voltage is raised, more power is put into the lamp. 

You raise the filament temp. The result is higher 

efficiency ( C.P./watt). 

The length and diameter of the filament determines 

the resistance it will offer. The length is determined 

by the voltage to be applied. Long for high voltages; 

short for low voltages. Current determines the wire 

diameter. Thick for high current; thin for low cur-
rent. For high voltage lamps, the filament will be 

long. It will also be thin. Thin, long filaments are 

susceptible to shock and vibration. This is the prime 

dis-advantage of large lamps—low reliability in 

rugged environments. 

Lamps are usually rated on the basis of their oper-

ating in open air, at room temp. Anything that causes 

the temp. to rise ( increasing ambient; radiant heat 

from other components; over-voltage) will raise the 

temp. of the bulb wall. The bulb will already be at a 

higher than room temp. A number of things could 

happen, the worst of which being an increase in the 

evaporating rate of the filament. This causes the 

blackening effect. As long as the temps. affecting the 

lamp are kept within normal limits (below 350°F), 

the lamps will work reliably. 

A word on interpreting specs. People often phone 

lamp manufacturers, asking for the formula for con-

verting the watt rating in the catalogs into C.P. Don't 

waste your time. There isn't any formula. There is 

no constant relationship between Candle Power and 

wattage. Large lamps are rated in watts and some-
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LAMP 
SELECTION 

(Continued)i 

7C7 6S6 T-2 T- 3 1/4 

o 

Most popular lamps for indicating use, shown actual size. The 7C7, conical bulb, double contact bayonet base, recommended in 10w 
type—strongest large lamp on 120v. The 6S6 is 6w, straight- sided bulb, candelabra screw base, for use on 120v. T-2, tubular bulb, 
telephone- slide base, usually used on about 48v. The T-3 1/4 lamps are miniature types, miniature screw and bayonet based. Bayonet 
base always recommended. Designed for use on from 6 to 28v supplies. 

times in C.P. Miniatures are usually rated in C.P. 

The reason you can't convert one to the other is, light 

output depends on the temp. of the filament, not the 

wattage. 

A comment on service life. Service life differs from 

rated life in that, service is under actual operating 

conditions and rated is in the laboratory. Rated life 

is what is stated in the catalogs. For the present, it is 

the best method of comparison available ( the lamp 

manufacturers have to have some base line to work 

from). To find out what the service life of a particu-

lar lamp is, you will have to give the manufacturer all 

GLOSSARY OF LIGHTING TERMS 

AMBIENT TEMPERATURE — That range of maximum 
temps. over which the lamp or indicating unit will 
perform as specified. 
BASE—Component, usually metal, cemented to the bulb 
for support and to provide electrical connections. Main 
types include: midget screw, flanged and grooved; minia-
ture screw and bayonet; candelabra screw; and bayonet 
single contact (S.C.) and double contact (D.C.). 
BRIGHTNESS—That attribute of visual sight by which an 
area appears to emit more or less light. 
BULB—Glass enclosure, evacuated, containing the fila-
ment or electrodes of a lamp. Lamp identification is by 
letter and number. 

G—Globe shape C—Con ica I 
S—Straight-sided T—Tubular shape 

Number is the diameter of the bulb at its maximum; 
measured in eighths of an inch. Example: G-6 is globe 
shaped, measuring 6/8 (3/4 ) inches. 
CANDLE POWER—The unit of measurement of light in-
tensity in terms of Mean Spherical Candle Power: 1 can-
dle power (C.P.) equals approximately 12 lumens. Large 
lamps are usually rated in lumens. Miniature lamps are 
usually rated in C.P. Micro- miniature lamps are rated in 
milli-lumens. 
CURRENT—The amount of amperes the lamp will draw 
at design voltage. 

the parameters under which the lamp will be oper-

ating. In most cases, he'll come up with a reliable 

figure. In others he won't have the information you 

want, or you won't be able to give him the data he 

needs. There are too many factors affecting service 

life for a manufacturer to come out with blank state-

ments. They'll make good "gues-timates," but it can 

only be that. Service life will always depend on the 

specific conditions of your particular project. 

Large Lamps 
If you have a high voltage source and also a space 

available problem, and must use a large lamp for its 

DESIGN VOLTAGE—Voltage at the socket of the lamp, 
for which the lamp is designed, giving best over-all char-
acteristics of light output and life time. 
EFFICIENCY—The measure of a lamp's ability to convert 
power into light. Formulas are: C.P./watt and lumens/ 
watt. 
EXTINGUISHING VOLTAGE—That voltage level at which 
a neon glow lamp will not produce light. 
FILAMENT—Standard material is tungsten wire, arranged 
on supports within the bulb. May be straight (S), or a 
coil (C), or a coiled-coil (CC). Filament designation con-
sists of a letter and a number. The number tells the ar-
rangement of the wire on the supports. 
FOOT LAMBERTS—The unit of measurement of bright-
ness for indicating lights and illuminated switches. 
LAMP, LARGE—Any incandescent lamp, usually of the 
6 to 10 watt type, operating on from 60 to 120 or 210 
to 250v. Most popular measures approximately 3/4 inch 
in diameter. 
LAMP, MINIATURE—Any incandescent lamp, usually be-
low 6 watts, operating on from 2 to 55v. Most popular 
measures approximately 3/4  inch in diameter. 
LAMP, MICRO-MINIATURE—Any incandescent lamp, usu-
ally in the milli-watt range, operating on up to 3v. Diam-
eter size ranges from 0.01 to 0.06 inches. 
LAMP, GLOW—Lamp with electrodes sealed inside a 
bulb filled with a gas, usually neon. Can be based or 
unbased. 
LAMP, INCANDESCENT—Lamp with supports and a fila-
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COUrteely G. E. M UMltUre 141,11) Dept.) 

The T-1 3/4  lamps, with tubular bulb shape, are midget screw, 
midget flanged, and midget grooved base respectively. Lamp at 
end is wire- terminal type. Designed to operate on 1 to 28v. 

high light output, try to use a 6w instead of a lOw 

lamp. The 6w will be smaller. It will also be more 

rugged. The 6w, 110v lamp is not rated at 6w because 

6w of light is needed. It is the smallest practical lamp 

for that voltage and wattage. This is because of the 

fragility of the filament. At 6w, the wire is as thin as 

possible, but still able to withstand minor shock or 

vibration. 

If you must use a large lamp in a rugged environ-

ment, be sure to specify to the manufacturer that the 

filament must be clamped at every support. Large 

lamps have their long filament strung back and forth 

on a number of supports. Clamping at each support 

can raise the strength factor to near that of the low 

voltage lamps. The strength of a filament is meas-

ured between supports. The low voltage lamps usu-

ally have only 2 supports, if any. Clamping, on these 

large lamp filaments, reduces the stresses to only 

those applied between any 2 supports. Clamping also 

has one other affect in these lamps. It will reduce the 

light output somewhat, because the clamps act as 

heat sinks, drawing heat out of the filament. Remem-

ber, light output depends on filament temp. The light 

will be reduced, but with the high power input, this 

decrease can be lived with. There is still plenty of 

light left for indicating. 

The smallest lamp ( 6S6) for use on I20v measures 

approximately inch in diameter, and L,'"ií; inch in 

length. 

Miniature and Sub-Miniature Lamps 

In contrast, a lamp designed for the lower voltages 

(below 55v) usually measures about ,Y8 inch ( down 

to 4 inch) in diameter. Overall length can be as 

small as inch. Two typical lamps are the No. 44 

(T-3 1/1, miniature bayonet base) and the smaller 327 

(T-1.7/1, midget flanged base). 

The small size is because the low voltage lamps 

generally have a lower power input. In most cases 

the filament will be shorter and thicker than those in 

large lamps. These miniature and sub-miniature 

lamps may not even need supports, outside of their 

lead-in wires. They produce less heat. Because of 

these factors, service life can be longer. 

ment, sealed in an evacuated bulb. Can be based or 
unbased. 
LAMP, SUB-MINIATURE—Any incandescent lamp, usu-
ally below 4 watts, operating on from 1 to 28v. There is 
a very hazy line between miniature and sub-miniature 
lamps as far as definitions go. They may be based or 
unbased. 
LIFE TIME—Average rated laboratory life, usually in 
hours, that can be expected of lamps operating on sta-
tionary racks, with regulated voltage. At rated life time, 
50% of the lamps will have failed. Life time varies in-
versely to the 12th power of the applied voltage in incan-
descent lamps. For standard brightness glow lamps it is 
inversely proportional to the cube of the current. For 
high brightness glow lamps it is inversely proportional to 
the 6th power of the current. 
LIFE, SERVICE—Actual time, usually in hours, that a 
lamp will perform under operating conditions. 
LIGHT, INDICATOR—Unit used to show some action is 
completed, must be preformed, or for warning. Includes 
a lamp socket, bushing for housing lamp and socket, and 
a lens cap. 
LIGHT OUTPUT—Amount of emitted light as measured 
in C.P. and lumens. 
LUMENS—A unit of measurement of emitted light. 
OVERVOLTAGE—Any voltage exceeding design voltage, 
giving increased light output, but reduced life time. 
RUN-AWAY—Characteristic of glow lamps, which will 
destroy them. Proper selection and use of current limit-

ing resistor determines lamp current and life time. 
SPECTRAL QUALITY—A measure of relative emission 
through the visible spectrum. 
SWITCH, ILLUMINATED—In its simplest form an indi-
cator light with a switch attached. Highly developed com-
ponents having single or multiple (up to 4 usually) lamps, 
able to display one or more messages. Switching can 
either control the lamps or other associated functions 
in different parts of system. 
TRANSMISSION—The manner in which light passes 
through the bulb, lens cap, legend screen, or translucent 
button. Clear glass passes 80 to 90% of the available 
light, with 8 to 10% reflected and the rest absorbed. 
Plastic is somewhat lower. Light through translucent 
materials is an example of diffuse transmission. 
TRANSLUCENT—Capable of passing light, but not an 
image. Good example is frosted glass. 
TRANSPARENT—Capable of passing light undistortedly. 
A good example is window glass. 
VIBRATION & SHOCK—Mechanical conditions having ad-
verse effects on incandescent lamp filaments and indi-
cating units. High voltage, low current filaments are 
most susceptible because of length and diameter. Low 
voltage, high current filaments are thicker, shorter, and 
stronger. 
VOLTAGE, BREAKDOWN—Also known as firing, starting, 
igniting, or ionizing voltage. That voltage required to 
completely ionize the gas in a glow lamp and conduct 
current. 
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Low voltage lamps on high voltage. A. and 
B. circuits are for miniature and sub-
miniature lamps on high voltage lines. R 
in B. are dropping resistors. Control cir-
cuits are left to user's choice. C. and D. 
are high voltage batteries—the first using 
a separate battery for the lamp; the sec-
ond circuit using a tap- off. 

(CoUrtery roue1111e) 

LAMP SELECTION (Continued) 
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These miniatures (also holds true for sub-minia-

tures) offer increased reliability. But they do have 

their dis-advantages—the lower design voltages re-

quired, and the decrease in light, as compared to the 

larger lamps. They may be operated on 120 or even 

250v lines, but here a step-down transformer is 

needed. In most cases this is both uneconomical and 

impractical. But, if you do have to use them (6, 12, 

24, and 28v types) on the higher voltages—because 

of limited panel space or for the increased ruggedness 

they offer—the series of schematics captioned "Low 

Voltage Lamps On High Voltage" should be of help. 

These circuits are in wide use and have proven their 

value. 

Temps. have another effect on both miniature and 
large lamps. The lamp bulbs are cemented to the base. 

The filament leads are soldered to the base. Temps. 

approaching 350°F will soften both cement and sold-
er. This leads to early failure. Temp. maximums must 

High reliability T-1 lamps approximately actual size. Brass based 
measure 3/16 in. dia. by 38 in. long. Wire terminals are 1 '8 in. dia. 
and 14 in. long. 

,urtesy G. E. Miiiiatlirr Lump 1,, p, 

8 i '8 1Ï a á 1 
12 682 685 718 683 7! 

111111[Tilif 111[111 I II IIÏ 11111111111 4 1111 

NO. VOLT AMP DESIGN LIFE CAND POWER 

682 5.0 .060 ± 10% 100,000+ .029 ± 25% 

685 5.0 .060 ± 10% 100,000+ .048 ± 25% 

718 5.0 .115 ± 10% 40,000+ .132 ± 25% 

680 5.0 .060 ± 10% 100,000+ .032 ± 25% 

683 5.0 .060 ± 10% 100,000+ .053 ± 25% 

715 5.0 .115 ± 10% 40,000+ .147 ± 25% 

2128 3.0 .0125 ± 20% 100,000+ .001 approx. 
.. 

be observed. Lamps are available, with no base or 
soldered connections, for use up to 600°F. This is 

about the top limit for lamps, as water is evolved 

from the bulb wall, combines with the tungsten of the 

filament, and causes increased blackening on the bulb 
wall. These wire terminal (un-based) lamps use only 

their sturdy leads for support in the circuit. Their 

one dis-advantage is that of replacement. They are 
normally wired into the circuit, not fitted into sock-

ets or lamp holders. Hudson Lamp Co., General 

Electric Miniature Lamp Dept., Sylvania Electric's 

Lighting Products Div., and Tung-Sol Electric Inc., 

all offer these lamps in a wide variety of voltages 

and sizes. 
Life time, for incandescent lamps, varies inversely 

to the 12th power of the applied voltage. Light out-

put is directly proportional to the 3.6 power of the 

voltage. The accompanying Characteristics Chart 

gives a graphic picture of this. What it all means is 

that if you raise the voltage to the lamp 10%, light 

output is increased some 40%, but life time drops 

some 60%. On the other hand, if you decrease the 

voltage 10%, light output drops some 30%, but life 

time almost doubles. 

Reliability 

Most incandescent lamps now on the market have 

a high efficiency ( C.P./watt), by today's standards, 

but only a moderate life time. During the time this 

article was in preparation, this editor talked with 

numerous designers who use lamps daily. More and 

more of them feel that reliability or long service life 

is the main consideration today. Whether in missile 

control equipment or coffee pots. 

To get this longer reliability/service life you can 

do one of 2 things. The first would be to use the new, 

longer life, General Electric High Reliability Lamps. 

They are designed for the lower voltages, operate the 

filament at a lower temp., and give life times of from 

40,000 to 100,000+ hours. Using these lamps, your 
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problem is reduced to designing the circuit around 

the lamp. You should be doing this anyway. This 

approach saves you time, trouble, and money. Of 

course their light output can't be used to attract the 

attention of an operator if his head's turned; but for 

console use, with the operator looking at the lights, 

they'll give all the light you'll need for any indicating 

function. 

The other approach is to take one of the lamps 

now on the market. Run it at some figure below its 

design voltage—greatly prolonging its service life. A 

typical figure (using the Characteristics Chart) 

would be an increase from 1000 to 4000 hours. And 

you don't have any circuitry changes. Using a 28v 

lamp in a 24v circuit affects nothing. 

In the case of this under-voltage operation, you 

sacrifice light output from the rated C.P. But, you 

really increase life time. Let's take the 327 previously 

mentioned. It is one of the "work-horses" of the in-

dicator light and illuminated switch industry. 

Voltage 

Current 

C.P. 

Life Time 

The necessary compromise is clear. 

50 
XI0,000   

X5,000   
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XI , 000 
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X200 

X100 

X50 

X20 

X10 

X5 

X2 

XI 

100 

75 

50 

25 

o 

RATED 

VALUE 

28v 

0.04a 

0.34 

1000 hrs. 

10% UNDER-

VOLTAGE 

25.2v 

0.038a 

0.20 

4000 hrs. 

When using 

A REPRINT OF THIS ARTICLE CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut CT 56th Sts., Phila. 39, Pa. 

lamps, always note carefully your requirements. Are 

they a logical combination? Or, are you asking for 

more life time than is possible at the available power? 

The accompanying Incandescent Lamp Check-List 

will aid in your selection of a lamp. There is such 

a wide variety of lamps available now, that with the 
help of a manufacturer you'll quickly be able to find 

one for your needs. And the word is needs. Don't 
over-specify: ask for a reasonable combination of life 

time and light output at your available voltage. 

The lower voltage lamps (6, 12, 24, and 28v) are 
generally more rugged than the 120 or 250v types. 

Also, a 6v will be more rugged than a 12v, the 12v 
more than the 24v, etc. If you can manage the lower 

power source—you'll get the advantages of longer 

service life and smaller size. 
Concerning mechanical reliability, here is some-

thing to watch during selection. For dependability, 

always choose a bayonet base over a screw base, if 

possible You get positive locking and contact. You 

avoid the danger of the lamp accidentally unscrewing 

—for a false failure indication. 

CHARACTERISTIC CURVES FOR MINIATURE LAMPS 
% DESIGN VOLTS 
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(Courtesy Hudson Lamp) 
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Actress Jane Powell and TV's Cary Moore on " I've Cot a Secret" 
show. The secret—over 500 Mite-T-Lites in Jane's dress, about 
150 in Gary's sign. I Courges y Sylvania 

INCANDESCENT LAMP CHECK-LIST 

1. Application .. 

2. Environment: 

A. Ambient light . 

B. Shock & vibration 

C. Ambient temp. 

3. Voltage   

4. Current 

5. Light Output 

6. Life Time . 

7. Size: diameter 

8. Base 

9. Bulb Shape 

10. Notes 

Micro- Miniature Lamp Co.'s Micro Lamps measu-e from 0.0315 
to 0.0630 in. dia. by 0.118 to 0.146 in. long. 

LAMP SELECTION (Continued) 

A dozen of these sub- miniature incandescent lamps fit within a 
one inch square. Named "Tu-Pin," they operate on 1.35 to 28v 
Max. diameter is 0.230 in. by 37/64 in. ( plus pins/ in length. 
Bases are epoxy and color coded lone color for each set of differ-
ent electrical characteristics) for fast identification of the 12 
lamps in the 2300 series The pins are spaced to fit in transistor 
sockets, fast plug-in on printed circuit boards, and for sockets 
with soldered connections. (( 'orfr.qi II Lamp e 

TYPICAL INCANDESCENT CONSIDERATIONS 

VOLTAGE HIGH (120/250v) LOW (6, 12, 24, 28) 

Filament thin/weak 

Current 50-85 nia 

Wattage 6-10 w 

Bulb Dia. 3/4 inch 

C. P. 4 

Life Time 1500 

thick/strong 

15-250 ma 

4 w & below 

/8 3 ' inch 

1 

200-10,000 
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and life times will range from 500 

Micro- Miniature Lamps 
[ABLE OF MICRO-MINIATURE LAMPS 

1. or real micro-nnmaturization 

these lamps are the thing. They 
> . E 

are reliable, withstand shock and . C'' '-' E g 

MI ...'11) 13 E = .c œ .,... co eiLc  vibration well, and consume little oa>. >, e. 04 C.) C (.1 0 e Tt ez E 
-o cP 

in c  'P 
power. The one dis-advantage is i- > irlt.. ..I 

their light output. It ranges from 

20 to 250 millilumens. 
L12-12 1.2 12 0.030 0.080 50 1000 X 

Originally developed by the 

Diamond Ordnance Fuse Labora- 13-7 1.35 6.75 0.016 0.065 20 500 X 

tories, Washington, D. C., for use 15-15 1.5 15 0.016 0.065 60 1000 X 

in the timing circuits of close-

Kay Electric Co., Pinlite Div., Pine Brook, N. J. PI NLITES 

15-45 1.5 45 0.030 0.100 220 1000 X proximity exploding shells, they 

are now available from 3 manu- L15-30 1.5 30 0.030 0.080 160 1000 X 

facturers in the United States—  L15-45 1.5 45 0.030 0.080 220 1000 X 
Kay Electric Co., Pinlite Div., 

30-30 3 30 0.030 0.100 250 2000 X Pine Brook, N. J.; Micro-Minia-

ture Lamp Co., New York, N. Y.; 
and Sylvania Electric Products, Micro-Miniature Lamp Co., New York, N. Y. MICRO LAMPS 

Inc., Sylvania Lighting Products M lA 1.0-1.2 5-7 0.0315 0.118 30-35 1000 

Div., Salen, Mass. 
M 1 1.2-1.5 8-10 0.0433 0.1378 35-40 700-1000 

Voltage required varies from 

X 

X 

1.0 to 3v. at currents of from 5 to M 2 1.2-1.5 8-10 0.0512 0.146 35-40 700-1000 

45 ma. These micro-miniatures M 2A 1.2-1.5 10-15 0.0512 0.146 40-45 700-1000 

are subject to the same restric-
M 2B 1.2-1.5 20-25 0.0512 0.146 45-50 700-1000 

tions as any other incandescent 

lamp. Raise the voltage and cur- M 2C 1.2-1.5 25-30 0.0512 0.146 

rent and you get increased light HM 3 1.2-1.5 10-15 0.0630 0.146 45-50 700-1000 

output, but, again, the life time 
HM 4 1.2-1.5 20-25 0.0630 0.146 50-55 700-1000 X 

will be shortened. Burn them at 

X 

50-60 700-1000 

their design voltage and current, Sylvania Electric Products, Inc., Lighting Products Div., Salem, Mass. 

MITE-T-
to 5000 hours. LITE 

Measuring from 0.016 to 0.0630 

inches in diameter and 0.065 to 

0.146 inches in length, they have 

been, and are, used in a wide va-

riety of applications, including: 

high-speed punch-card readers; 

computer tape readouts; compact 

matrix displays; photoelectric 

logic system; on/off indicators in 

transistorized circuitry; in the 

recording systems in airborne ra-

dars; microwave bolonieters and 

as noise sources; and as optical 

point sources. 

If you are looking for even more ruggedness than 

the low voltage miniature and smaller lamps can give, 

or, you can't include the lower voltage supply in your 

design, take a look at what the neon glow lamps have 

to offer. 

1.0-1.5 35(max.) 0.045 0.125 100 500-5000 X 

Kay Electric's " Pinlites" are small enough to fit within a blood vessel. Medical elec-
tronics is using micro-miniature lamps in such experiments. 
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'NE- 58 NE-45 I INE-51H NE- 5I1 

T- 4 1/2 

LAMP SELECTION (Continued) 

Neon Glow Lamps 

T - 3 1/4 

Glow lamps are rugged. They consist of a sturdy 

pair of electrodes, a gas ( usually neon), and a glass 

bulb. A base may be attached if desired. There is 
no filament to fail. 

Operation is simple. A voltage is applied, either 

ac or dc (the lamps work both ways). Current flows 

between the electrodes. The gas ionizes. Light is 

produced in the luminous gas surrounding the elec-

trodes. The electrodes are nickel-iron, with an emis-

sion mix on them similar to the oxide emission mixes 

on vacuum tube cathodes. 

When used in dc circuits, the light is produced 

only around the cathode electrode. This is because 

glow lamps are negative glow devices. When used 

in ac circuits, the glow appears to be around both 

electrodes (actually only around one at a time). But 

it appears to be, because of the rapidly changing ac 
cycle. 

Glow lamps are for use on line voltages (105-125 

and 210-250v). They are high reliability, long lived 

lamps. But they do have their dis-advantages. The 

first is a lower range of light output than the incan-

descent lamps. The second is limited colors. Neon 

lamps produce the red and yellow wavelengths of the 

light spectrum (the combination of the two is orange). 

RUGGEDNESS CHOICE 

1. Clow lamps. 

2. Low voltage, high current incandescent. 

3. Figh voltage, low current incandescent. 

Real rugged lamps. 
T-41.'2 are standard 
brightness types with 
candelabra screw 
bases having integral 
current limiting re-
sistors. T-3 1/4  glow 
lamps are miniature 
bayonet based, with-
out integral resistor. 
NE- 51H and NE- 2H 
are high brightness 
types for 210- 250-
vac. Light output is 
8 to 10 times that 
of standard bright-

ness lamps. (Courtesy 
G. E. Miniature Lame 
Dept.) 

Thus, in indicator uses, only lens caps and indicator 

screens of red, yellow, or clear material can be fitted 

over the lamps. 

There is no voltage-life time compromise with glow 

lamps. For standard brightness lamps life time is 

inversely proportional to the cube of the current. 

For the high brightness types life time is inversely 

proportional to the 6th power of the current. Light 

output in both types is directly proportional to the 

current. If the voltage rises (and the current rises 

also) ; the light output increases, and the life time in 

standard brightness lamps is barely affected. In the 

high brightness types if the voltage increases ( and 

the current rises also), the light output increases, but 

life time is drastically shortened. 

Glow lamps use low wattage. They operate at 

cooler temps. than incandescent lamps. Upon ioniza-

tion, the resistance inside the bulb, between the elec-

trodes, drops. Glow lamps have a negative resistance 
characteristic. If some resistance is not included 

outside of the bulb, either in the base ( screw type 

only), or in the external circuit, the current will 

"run-away," destroying the lamp. The current must 

be controlled. This is done with a series limiting 

resistor. 

For all practical purposes, the voltage across a neon 

lamp is constant. Neon lamps are widely used as con-

stant voltage devices ( e.g. one used as a 60v regu-

lator in a critical power supply). No current will 

flow in the circuit until the breakdown voltage is 

reached. Then the lamp "fires". Current flows, and 

the applied voltage divides between the lamp and the 
series resistor. 

This point must be stressed and remembered. The 
voltage across the glow lamp is, for all practical pur-

poses, independent of the current flowing in the 
circuit. 

Changes in applied voltage are reflected mainly in 
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increases across the series resistor. The voltage on 

the lamp remains substantially constant. This means 

that with a given resistor value, and an increase in 

line voltage from say 120 to 130v, there will be the 

lamp's constant 60v drop, the remaining 70v will be 

across the resistor. In other words, the increase in 

current that results, is for all practical effects, pro-

portional to the increase in the voltage across the 

resistor. Remember, there is no current flow until 

the breakdown voltage is reached. 

In cases where the voltage is mis-applied, example 

240v to a device with a resistor rated for 120v opera-

tion, the current becomes not twice its normal value 

(as the voltage is), but 3 times. This is important 

where the wattage rating of the series resistor is 

concerned. It is primarily the voltage applied to this 

resistor that determines the current flow in the cir-

cuit. In the case of 120 to 130v, the voltage drop 

across the resistor went from 60 to 70v. In the ex-

ample of 240v, the drop goes from 60 to 180v 

(240 — 60 = 180). If the current was lma at 120v, 

it will be not 2ma at 240v, but 3ma. 

Standard and High Brightness Lamps 

There are, as mentioned above, 2 basic types of 

glow lamps. The first is the standard type, of which 

the NE-2 and NE-51 are examples. The second type 

is the high brightness lamp, examples of which are 

the NE-2H and NE-51H. The differences between 

the types are 2 major ones. 

1. The breakdown voltage needed to fire: stand-

ard types need a min. of about 90vdc or 65vac to 

glow; the high brightness need a min. of around 

160vdc or 90-95vac to glow. 

2. The light output is vastly different. If the stand-

ard brightness are given a factor of 1, the high bright-

ness factor would be around 8 to 10. 

Neon lamps are similar to incandescent lamps in 

one respect. They blacken with time, but in a dif-

ferent manner. In the standard brightness glow lamps 

this blackening is caused by ionic bombardment— 

positively charged particles knocking off electrode 

INCANDESCENT vs. GLOW LAMPS 

INCANDESCENT GLOW 

Brightness 

Watts/Temo. 

Lens Cao Colors 

Overvoltage Effects 

Strength 

high 

high high 

any 

shorten life 

low 

lower 

low cool 

clear, yellow, red 

unaffected 

very rugged 

GLOW LAMP CHECK-LIST 

1. Application 

2. Voltage: 

A. Circuit 
(standard-90vdc, 65vac) 

(Hi-brite-160vdc, 95vac) 

B. Breakdown 

3. Must lamp start in darkness .. 

4. Size: diameter ; length 

5. Base: 

A. Unbased (wire terminal)   

B. Miniature bayonet   

C. Candelabra screw 

(resistor built-in) 

D. D.C. bayonet 

6. Bulb Shape 

7. Light Output 

8. Lens Cap Color: red : yellow ; clear ... 

9. Notes   

material. This material deposits on the bulb wall— 

slowly cutting-off the light output. The rate of black-

ening is determined by the current flow. 

If the limiting resistor was 56KS-1 for example. 

blackening would result ( using an NE-51) in 50% 

reduced light output at 5000 hours. This is the end 

of life figure for a glow lamp. This is what decides 

when you replace the lamp—insufficient light out. If 

the resistor is of such a value (220xf2) that the cur-

World's smallest glow lamp, for use in missile tests, is no larger 
than head of a pin. Supplies 1/40th watt from trace of neon gas 
enclosed in tube about 1 in. long and 1/20th in. in dia. 

I er,,urten, Tge*tinahnueee I,nmo M O.) 
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LAMP SELECTION (Concluded 

rent is reduced to 0.3ma, the 50% end of life point 

would occur at 200,000 hours. Of course, to get this 

figure you have to sacrifice light output (which is 

directly proportional to current). This 50% point is 

a big factor in the use of standard brightness glow 

lamps. These lamps fail slowly, or are " Fail-Safe". 

Light gradually diminishes. When you're not satis-
fied with the amount of light you're getting, you just 

replace the lamp. To quote a pioneer in the uses of 

neon glow lamps, Warren Walker of Dialight Corp., 

"It's hard to find anything else in the way of a light 
indicator device that will give you that kind of relia-

bility." 

With the high brightness lamps, using them on 

105-125v. there is no blackening—no fail-safe feature. 

The voltage needed to fire these high brightness types 

is relatively constant throughout most of rated life, 
with an abrupt rise in the breakdown voltage re-

Glow lamp processing 
and testing line at 
Signalite, Inc., Nep-
tune, N. J. 

quired at the end of life. Thus, high brightness lamps 

fail suddenly, when used on 105-125v lines. The 
standard brightness lamps are always recommended 

for use at these voltages. 

The reason for the high brightness sudden failure 

is the gas used. It is a mixture. This mixture is 

responsible for 2 very important features of the high 

brightness types: 

1. They are able to operate on high current levels 

for a given number of hours of operation ( say 4 times 

that of the standard lamps). 

2. Because of this high current, they give greatly 

increased light output, about 8 to 10 times that of 

the standard types, per given number of operation 
hours. 

These lamps are especially suited to the higher 

voltages (210-250v). This is where they really 

"shine." To go back for a moment. Glow lamps 
need a specific breakdown voltage. These high 

brightness types need minimums of 160vdc or 90-

95vac. Operating them on 105-125v lines leaves an 

operating margin ( till the rise) of only 35v ( 125 — 

90 = 35v). Operating them, on the other hand, on 

a 210-250v line leaves a margin ( till rise) of 160v 

(250 — 90 = 160v). Life time is increased so much, 

in fact, that it will only be limited, in most cases, by 

bulb blackening ( which does occur in these lamps 

at the higher currents and higher voltages). But, 

since you have such a wide margin, the number of 

hours you'll get sufficient light is very long, as com-

pared to the standard types. 

At high voltages the high brightness glow lamps 

are high reliability and fail-safe devices. They are 

always recommended for use on 210-250v sources. 

Neon screw based glow lamps have the series limit-

ing resistor built into the base. It is an integral part 

of the over-all lamp. Glow lamps with the more 

dependable (from a mechanical view-point) bayonet 

base do not have this integral resistor. Note Well: 

it must be included in the external circuit. This can 

be in the actual circuit, or in the indicator unit hous-

ing the lamp. Such complete indicating units are 

widely available. You save time and money with this 

kind of unit. If the lamp has to be thrown away 

because of low light output, then only the lamp is 

replaced, the resistor stays with the unit. 

Another point to watch. When glow lamps, used 

as indicators, are placed in unusually darkened en-

vironments, their breakdown voltages can rise appre-

ciably. This is what's known as the Dark Effect. 

The solution is to order lamps with a mild radio-

active additive in either the gas or on the electrodes. 

The additive will keep the breakdown voltage from 
being affected too much. These lamps are already 

in wide-spread use in indicating devices today ( most 

indicator manufacturers prefer them). The point is 

that you must consider all the parameters when de-

signing with lamps. 

Temp. will not affect glow lamps. If it is kept 

within normal limits, that is. Glow lamps will operate 

satisfactorily up to around 250°F. Here it is not a 

question of cement or solder softening. With neon 

lamps it is a poisoning of the gas in the lamp, by 

other gas evolved off the bulb wall, along with some 

water vapor. 

Life time for these very dependable lamps can and 

does range up to 50,000 hours of service life. To 

wind-up, a quote from Jim Tuttle, G.E.'s expert on 

glow lamps, "Glow lamps are the most reliable, low 

cost, 120/250v light source available." 

The author wishes to thank Mr. Warren Walker, 
Corp., for his patient effort and technical assistance 

Director of Research and Development, Dialight 

in the preparation of this article. 
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Part Two of Three Parts 

THE FIRST FACTOR IN USING INDICATING DEVICES is 

the light source. How much brightness or light out-

put do you want? This will be limited by your power 

supply—what voltage and current is available? 

Your next step is to decide what information must 

be conveyed from the indicator to the operator. From 

now on you're working with human factor, optical 

-Ind mechanical considerations. 

An indicator is built around a lamp. Thus, any 

DESIGNER'S GUIDE 

TO INDICATOR LIGHTS 
Indicator lights are the perfect means of 

conveying information on equipment 

condition and functions. The major factors 

involved in their use are discussed in this 

article. A thorough study of the transistor 

controlled indicators now coming into 

widespread use is also included. 

condition that affects the lamp will naturally affect the 

indicator. How much shock and vibration will the 

unit have to withstand ( if any) ? If the environment 

is rugged your best choice is the smaller low voltage 

miniature lamps or the neon glow lamps. If it is 

really rugged, or the application is very critical you 

will probably want the indicator to have 2 lamps. If 

one fails, the other will give enough light until re-

placement is possible. 

Cockpit of Boeing 707 series jet airliner. Designers used 150 indicator lights, approximately 70 illuminated switches, and 300 to 500 
lights on pilot, communications, navigation, and engineering panels. (Courtesy The Boeing Co.) 



INDICATOR LIGHTS (Continued) 

How well do you want the indicator to show up? 

What are the ambient light conditions ? The contrast 

of the indicator light to its panel surroundings in-
creases as the ambient light level decreases. Where 
you will really notice this is when you are using 

lamps with a low light output, such as the neons. An-

other point to watch is the angle of the panel to the 

dominant light source. If the panel is angled or 

approaching the horizontal, and you have strong 

light from overhead, or, if you have, say, some angle 

above 45° across from a large window, this ambient 
light will be an important factor where you're con-

cerned with contrast and visibility of the indicators. 

If there is a bright light source above the panel, 

operator fatigue and consequent system inefficiency 
can result from glare. If you don't have these high 

ambients to contend with, then your problems are 
that much simpler. If you do, the easiest way around 

them is to make a panel mockup. A little close study 
will reveal any trouble, and proper selection of lamps, 

lens caps or indicator screens, or a different angle 
for the panel, should minimize the problem. 

If you're using just 1 or 2 indicators the heat 

generated by the lamps themselves should not be a 

serious problem. But with the uses of indicators 

multiplying with a speed comparable to our rabbit 
friends, more than likely you had better give some 

thought to the heat generated by the indicator lights. 

Every indicator gives off heat. Using 10, 20, 50, 

or 100 of them on one panel multiples a single heat 

factor in direct proportion. A number of things could 

go awry. The first could be the lens caps or screens 

if they are made of plastic. Plastics will only with-
stand up to about 200°F. 

Heat can cause trouble in the lamp, if the com-

bined ( lamp plus surroundings) temp. approaches 

350°F. The insulation on the lead-in wires might 

melt or shrink, and if you are using high voltages 

there could be insulation breakdown of the socket, 

etc. Make sure there is some means of heat dissipa-

tion, either by moving air or by spacing the indicators 

farther apart. 

Do you want the lamps replaceable from the front 

or the rear of the panel? Is it O.K. to use a tool to 

remove the lamp, or do you want finger access for 
quick replacement? In critical applications, where 

time is the governing factor, you'll probably want the 
lamps replaceable without tools. The operator or 

maintenance man might misplace the tool (they are 
small in size), and critical time might be "chewed-up" 

while he tries to find it. 

As far as space is concerned, the number of indi-

cators you use will determine and be determined by 

a number of things. The first will be, of all things, 

the amount of light you want available. The higher 

wattage large lamps and the larger miniature lamps 

are fairly large in size. Their housings will have to 

Typical selection of lens caps for indicator 
lights. Glass types recommended for use 
with the larger miniature and large lamps 
because of the heat they generate. Plastic 
caps used with most miniature, and all 
neon glow, lamped indicators. Reading l-r. 
top row: friction mounting, convex glass; 
screw-on, convex glass; screw-on, plastic 
dome; screw-on, faceted glass; and screw-
on, flat plastic. 2nd row: screw- in, cylin-
drical plastic; screw- in, long stovepipe, 
`halo' effect plastic; screw- in, long stove-
pipe, fluted plastic; friction, convex glass; 
friction, faceted glass; friction, flat plas-
tic. 3rd row; screw- in, flat plastic; screw-
in, faceted glass; screw- in, convex glass; 
screw- in, long stovepipe, plain plastic; 
screw- in, stovepipe, fluted glass; screw-
in, short stovepipe, 'halo' effect plastic. 
Row 4: screw- in, convex glass; screw- in, 
faceted glass; screw- in, flat plastic; screw-
in, short stovepipe, plain plastic; screw-
in, stovepipe, plain glass; and screw- in, 
short stovepipe, fluted plastic. 
I Courtesy Diallyht) 
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A REPRINT OF THIS ARTICLE 
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on company letterhead to 
The Editor 

ELECTRONIC INDUSTRIES 
Chestnut £7 56th Sts., Phila. 39, Pa. 

Square indicating lights display informa-
tion either lit or unlit, or both. The CR103 
Type C features a 1 sq. in. screen, com-
plete back- of- panel mounting, in either 
single or gang mountings. For 110vac and 
dc and transformer forms for 220-, 440-, 
or 550vac ratings. Screens snap- on. Dif-
fuser, easily inserted behind transparent 
screens, is offered in frosted, fine cross-
hatch and coarse cross- hatch. Legends 
for transparent lenses may be on photo-
graphic film, mylarTM , or any material 
suitable for 120°C operation. Colored 
screens are also available. Standard leg-
ends for both are available from factory. 
Court,., G. E. General Purpo., Control Dept. 

be large, and only a few will fit in a limited space. 

And again, heat must be considered. Putting them 

too close, without some means of controlling the tem-

perature, will have adverse affects. Size is also im-

portant in another way. If the indicators are large, 

their center-to-center spacing will be greater than if 

you used lamps of lower light output, but smaller 
size. When panel space is limited, the most widely 

accepted solution is to take a reduction in light out-
put, trading that for the required number of in-

dicators. 
The wide choice of terminals available makes it 

simply a question of—what type would you like? 

Some of the more popular types include: binding-

screw; solder lug/taper tab; solder turret; wire-

wrap; taper pin receptacle; and wire lead-in. They 

are available in stainless steel, brass, etc., with gold 

Ile 

plate, hard plate, or hot tin dipped (most widely 

used) coverings. 

Lens Caps and Legend Screens 

After the lamp, the most important component of 

an indicator is the lens cap and indicating screen. 

Maybe you only need an indicator for a simple "on" 

or "off" indication. A translucent, possibly colored 

lens cap should suit your purpose. Maybe your 

project requires some simple legend such as a num-
ber, for example a 1, showing that the first phase of 

the condition being monitored is completed. Here a 
numeral, either hot stamped or engraved (and filled) 

onto a flat lens cap, is sufficient. If you need to show 

a long word a rectangular screen is what you want. 

On the other hand your project might be more 
complicated. You may have many conditions to 

One to 4 colors can be displayed consecutively over entire screen. Re-lamping is from 
the front. Two lamps may be used in parallel for reliability. A sectionalized face is avail-
able for displays of various color combinations. Mount on 111 in. centers, adaptable to 
0.032 to 0.250 in. panels. AMFlite Series 7000 operates on 6, 14 or 28v. 

(Courtesy AMP Instrument Pit., 

Neon indicator light, the AMPILLUME 
mounts in 0.514 to 0.519 in. hole, push-
in mounting. High resistant nylon housing 
and lens. Lamp is 25,000 hr. type. 

(Courtesy AMP, lee.) 
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INDICATOR LIGHTS (Continued) 

monitor and display. Here you need a large number 

of indicators, either of the pilot light size or with 

rectangular screens, for either numbers, words or 

symbols. The amount of panel space available will 

determine the number of units you can use. You 

can't line-up 3 one-inch diameter lens caps on an 

area 2 2 inches in length. 

For rectangular screens 2 lamps are recommended. 

Reliability is the first consideration. Usually one 

lamp will always work. The second point is a more 

even distribution of light. There will be no "hot-

spots"—some portions of the screen brightly lit up 

and others dimmer. 

What kind of lens cap do you need? The typical 

shapes are: flat, both long and short; convex; 

faceted ( jewel) ; torpedo; dome; and stovepipe. The 

material may be either glass or plastic. The plastic 

is usually used with neon indicators and the lower 

Offered in both incandescent and neon 
lamped units, Pan-i-Lite's are front re-
lampable. Operate on from 6 to 220v. 
Snap- in mounting. Measure 3/8 in. in dia. 

courtesy Alden Products) 

fluted rings. With the sanie light output from the 

lamp, the indicator will now appear to have increased 

brightness. This is one way of making a low voltage 

miniature or neon lamped indicator look like a higher 

powered, brighter unit. 

For wide angle viewing, a stovepipe type lens cap 

is recommended. If you don't need wide-angle light, 

then choose a flat end; faceted; or dome type cap, 

There is less chance for breakage or of having the 

lens cap knocked off the indicator. 

The outside surface may also be frosted. This will 

prevent any ambient light reflections which could 

make an operator think the indicator is "on" when it 

is actually "off". When choosing lens caps, screens, 

panels, etc., do everything possible to eliminate any 

future operator confusion. Constructions are also 

available which make the message invisible, until the 

unit is lighted. Then and only then will the number, 

word, or symbol appear. In critical or emergency 

applications these types of surfaces are widely pre-

Neon lamped Model 857 offered with and 
without resistor. Measure 1 11/16 in. long 
with resistor, mount in 3,i'3 in. dia. hole. 

Legend area in., visibility 180°. 
(Courtesy The Sloan Co.) 

wattage miniature lamps. For high wattage minia-

tures and the large lamps, choose glass lens caps; 

they withstand temperatures to 600°F. If the indi-

cator is to be used in high ambient temperatures. then 

glass is again the best choice. 

The inside surfaces of lens caps and indicator 

screens can be matted or frosted for better diffusion 

of light. 

The lens caps are also available with diffusing rings 

and in fluted configurations. Take an indicator light 

with a plain transparent, either colored or uncolored. 

lens cap and note the amount of light ( how bright it 

looks). Change that ordinary cap for one with 

Use the new flat- tip T-2 telephone slide 
base lamp in rugged phenolic housing. De-
signed for 6, 12, 24, 28 and 48v supplies. 
Metal parts nickel- plated. 

(Courtesy Sylvania Lighting Products) 

ferred. The operator will see the legend only when 

it actually comes on—it will really catch his atten-

tion. ( The opposite is also available: when the lamp 

is lit, the number, word, etc.—which can be read in 

ambient light—becomes invisible due to washout by 

a screen of the same color as the letter, etc.) 

Where high brightness is needed during daytime 

and low brightness during night. or, where the 

indicator is in a darkened environment ( but you must 

use the incandescent lamp for brightness require-

ments) use a polaroid disk or lens shutter to "dim" 

the indicator. But make sure that the light can not 

be completely obliterated. Murphy's Law For Indi-
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cator Devices reads, " If the device can be completely 

dimmed, someone will do it." 

What kind of lettering, numbering, or symbology 

do you want on the indicator lens cap or screen? 

Some of the materials available include: legends on 

photographic film, or mylarTM; color film trans-

parencies ( for use with clear, transparent caps or 

screens) ; type printed on clear acetate, parchment, 

etc. (for use with colored caps or screens) ; type 

printed on cellophane; characters hot stamped on 

plastic and filled with a desired paint; plain print-

ing on smooth or frosted surfaces; and etched metal 

disks. 

Remember size is important. You can't fit a 1 inch 

letter on a inch surface. Also, the style must be 

considered. If you want the operator to react im-

mediately when the indicator comes on, don't have the 

letter or word in Old Style English. Another point: 

There is only so much room—any word or legend 

should be short and to the point. 

Snaplites mount in ' 2 in. dia, hole, use 
high brightness neon lamp, on 125 to 250 
v. Snap- in mounting, no additional hard-
ware needed. Butyrate lens caps. 

(Courtesy Leers* I 

average brightness (assuming the indicators are 

single lamped units). Run the red and yellow lamps 

below voltage—reducing their filament temperature 

and their light output. Leave the voltages of the 

green and blue lamps at design. 

Most indicators are used in corrosive-free atmos-

pheres. But, of course, not all. If your project calls 

for a protective finish there are a number available, 

including: cadmium plated; brass nickel-plated; alu-

minum anodized and dyed in black, grey, and clear 

colors; and chromate finishes. 

Where sealing is specified, what do you want, and 

what do you actually need? Don't over specify. The 

more tightness you want, the higher the price. Nor-

mal practice uses an 0-ring between the lens cap and 
the indicator housing, with either another 0-ring or 

gasket between the housing flange and the panel. 

Lamp Cartridge Indicators 
For increased miniaturization in computers, data 

processing equipment, instrumentation and other 

B-Lites use NE- 2 neon and T-1 34 incandes-
cent lamps. Mount in 0.316 in. dia, hole, 
push- on retainer or snap- in. Inexpensive unit 

in wide range of colors. 
(Courtesy Eldesna) 

Average Brightness 

A further word on brightness. Certain colors such 

as red and yellow show up very well, whether using 

neon or incandescent lamps. On the other hand, 
green and blue are less effective. If you are using a 

variety of colors there are two reasons why you 

want an Average Brightness. The first is operator 

comfort. If the brightness varies markedly from one 

indicator to another, he might miss the blue or green 

indications. Operator fatigue is increased as his eyes 

grow tired from constantly adjusting to the different 

levels of intensity. Controlling the voltage to the 
individual lamps is about the only way to gain an 

Missilite 400 Series screw together. Can 
be in r-f shielded assembly. Are 1 15/16 
by 1 5/16 by 34 in. Dual lamp illumina-
tion; and front panel re-lamping. 

I Courtesy Mares Industries) 

areas of automation, the replaceable lamp cartridge 

indicators are a natural. They are available in both 

neon glow and incandescent lamped units, so you 

have a choice (or dilemma) between advantages. 

These lamp cartridges are replaceable from the 

front of the panel. They plug into specially designed 

cartridge holders, and are secured by lockwasher 

and a hex nut from the rear and a round, knurled nut 

from the front of the panel. They mount in Yg inch 
holes. The cartridge indicators come with integral 

lens caps, available in a full range of colors (red, 
blue, green, yellow and clear for incandescent; red. 

yellow and clear for neon). If more lens cap space 
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(Courtesy Drake Mfg.) 

Replaceable "Bi-Pin" cartridge lamps and lampholders are shown with flush, short, and 
long cylindrical lens caps. Neon or incandescent lamps may be used. The legends im-
printed on the lens are indexed with the 2 stainless steel pins. Also available without 
legends. Neon units can have integral resistor, either in cartridge or lampholder. Re-
placeable from front of panel. 

is needed, these units can have an additional lens cap 

mounted over the lamp cartridges containing incan-

descent lamps. The legends are normally marked in 

black, but other colors are available on order. 

Their big advantage is their small size. The lamps 

(unbased types) are housed within a small diameter 

aluminum cartridge (from which they got their 

name). The cartridge can be filled with an epoxy 

compound, which is said to serve a dual purpose. It 

both supports the lamp; and acts as a protective 

shield against shock and vibration. Some manufac-

turers offer their units potted. Others do not; they 

believe potting leads to early breakage as the thermal 

coefficients of expansion of the epoxy and the glass 

lamp bulb are too different. 

The neon lamp cartridges can either have the cur-

rent limiting resistor included within the cartridge, 
or you can include it in the external circuitry. 

The units are offered with stovepipe, flush ( flat), 
and long or short flat lens caps, in a variety of colors. 

The flat top types can, of course, be stamped with 
numerals, letters, or symbols. 

All of these replaceable lamp cartridges have their 

terminals (2) off-set from center line. This offers 
advantages of: 

1. Any number, letter, or symbol will always be 
right-side-up. 

INDICATOR LIGHTS (Continued) 

1 

(Approx. actual size) 

(Courtesy Dialight) 

Sub- miniature Indicator Lights use the 
G. E. T-1 incandescent lamps. Mount in 
( Pr) 0.193, 0.375, and 0.375 in. hole. 
Wide range of lens cap colors. Long life 
makes for permanent installation. 

2. They can only be put into the holder in one way. 

No matter what your particular need is, there is a 

wide assortment to choose from. Dialight Corp.'s, 

Lamp Cartridges measure 0.330 in. in diameter, by 

31/32 to 1 21/64 inches in length. Drake Manufac-

turing Co.'s, "Bi-Pin" units are 11/32 in. in dia., and 

from 15/16 to 1 5/16 inches long. Eldema Corp.'s, 

"C-Lites" measure 0.330 in. in dia., and from 0.93 to 

1.30 in. in length. For more detail on these, and all 

other units in any section of this series see each manu-

facturer's catalog (they're offered in the Tech Data 

section this month). 

In all cases, consult the indicator manufacturer AS 

EARLY AS POSSIBLE. He's collected a lot of 

experience and knowledge from dealing with a variety 
of designers. 

Good example of replaceable lamp cartridge indicators put to 
work, and cooperation between designer and light manufacturer. 
Land-Air Corp., provided the panel, 7 by 19 in. and 1/13 in. thick. 
Dialight Corp. fitted 240 indicators in that space. Panel is now 
installed e White Sands Proving Grounds. (Courtesy Dialight) 
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INDICATOR LIGHT CHECK-LIST 

1. Application 

2. Available Voltage 

3. Current   

4 Lamp rated life 

5. Shock & Vibration 

6. Ambient light conditions . 

7. Ambient temp. conditions: 

A. Air temp. 

B. Air circulation   

8. Means of lamp replacement 

9. Mounting: 

A. Space available 

B. Assembly desired 

C. Number of indicators 

10. Wiring accessibility 

11. Terminals   

12. Lens Caps or Screens: 

A. Transparent   

B. Diffusing   

1. Diffusing rings 

2. Frosted: inside ; outside   

3. Matte finish   

C. Clear 

D. Color 

E. Shape 

F. Size 

G. Lettering, Numbers, Words, or Symbols: 

1. Specify 

2. Style 

3. Size 

H. Brightness 

13. Corrosion protection 

14. Water and/or Oil tightness 

15. Assembly finish   

16. Other information .. 

TRANSISTOR-CONTROLLED INDICATORS 

Now that we've talked about standard indicator 

lights, let's look at a specialized type—the transistor-

controlled or transistor-driven indicator light. 

The major advantage of these lights is that they 

can be operated from signals as low as 2v. Types are 

available that eliminate any high voltage being 
brought to the console or panel. Within their space 

saving, small housings they contain everything needed 

to raise, say, 28v to as high as 150v RMS, for the neon 
lamp types. The incandescent lamp devices measure 

as small as 9/16 in. in dia., mount from the rear in 

e8 in. holes, on centers as close as /8 in. They project 
back about 1e in. The neon types range down to 

Ya in. in dia., mount on Y8  in. centers, and project 

back let in. 
Another feature is that they keep the high current 

required to light the incandescent types inside the 

indicator housing—out of any sensitive logic circuits. 

Both types offer space savings—the driver circuitry 

is taken out of the computer and put in the indicator 
housing. They mount by insertion from the panel 

rear; secured by a round knurled nut from the front. 

Theory 

The problem with computers ( in which these lights 

are most widely used), where you are trying to get 

information visually, becomes one of handling the 

power that is required for the indicator lamp. Here 

we are using power in a broad sense—as running 

either current or voltage type devices. Current types 

are the incandescent lamps; voltage types are the 

neon lamps (current is of a relatively lesser consid-

eration). 
You need something that is going to respond at the 

high speeds computers operate at ( this precludes re-

lays—even if they could follow the speed, their life 

time is too short). 

The low voltages used extensively in computers 

pose the main problem. You are usually working 
with very minute signals, in most cases just milli-

watts. You need amplification to run any type of 

indicator. Also, you need devices that will handle the 

current or voltage that the lamp requires. Here is 

where the transistor comes in. 
Transistors lend themselves perfectly to indicator 

use, for 3 reasons: 

I. Compatible in size with everything that is being 

done today. 
2. Have the long life ( reliability) you are looking 

for. 
3. Cost is competitive with any other device you 

might use for this purpose. 
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INDICATOR LIGHTS (Continued) 

Neon Indicators—High Voltage 

The natural combination in a transistor-controlled 

indicator light is the neon glow lamp and the tran-

sistor (the first units built by the originator of tran-
sistor-controlled indicator lights, the TEC-LITE Div. 

of Transistor Electronics Corp., Minneapolis, Minn., 

were transistor-controlled neon lamped types). Both 

of these components are inherently long-lived (at 

least 25 to 50 thousand hours) ; there is no need to 

make either component replaceable. Thus, minia-

turization and reliability were extended and im-

proved. They are considered "throw-away" items 

(customers have found that equipment obsolescence 

becomes the limiting factor, rather than light 

emitted). 

With these considerations as background, let's dis-

cuss the theory, and take a look at some representa-
tive circuits. 

The transistor acts simply as a high voltage switch 

(using a neon lamp on 105-125v lines). If you do 

not want to bring the high voltage to the console, 

we'll talk about units requiring only low voltages a 

little later. The transistor can be used in 2 basic 
circuits. The first is with the neon lamp in series 

with the transistor ( Fig. 1). Resistor R3 is needed to 
limit the current through the lamp, after the break-

down voltage is applied. It is not a component of the 

transistor circuit, but only used because of the neon 

lamp requirement ( see the preceding article Design-
er's Guide To Lamp Selection for more detail). 

Let's work from supply to common. In most cases 

the supply voltage is negative, about 100v. It is nega-

tive because of the widespread use of pnp transistors 

in computers. Most computers work with negative 

voltage largely because the pnp types are the most 
economical transistors available. 

Fig. 1: Series circuit for transistor- controlled, neon lamped in-
dicator light. Resistance is split, part in computer, part in light 
housing. For use with-100 volts. (Courtesy Transistor Electronics) 

COMPUTER 

LINE RO 
I 

LINE RI 
2 

INDICATOR LIGHT 
SUPPLY 

-100 V 

N0E5- MA 

LITEK I 

R2 

PNP 

0 2MA 
LEAKAGE 

la, Hugh temp 

extremes) 

TYPICAL DISSIPATION  

"ON" — 0 7MA 

V,. — 0 5 V 

MW — 0710 5-0 35 

"OFF"— 0 2MA 

V.. — 90V 

MW — 0 2 • 90.18 

AT 

air TO • 65•C 

COMMON 

Turning "on" the transistor is done through the 
base circuit. You need to get a current from the com-

puter voltage source. This is done by putting a re-

sistor (R2) in series with the supply, which gives a 

certain value of current for the voltage available. The 

resistor is sometimes put in the indicator, and is 

sometimes left out. There are good reasons for doing 

either one. Probably, though, the best circuit is 

where the resistance is split—part in the computer 

and part in the indicator light. The lines from the 

computer to the console, as a rule, are usually quite 

long. They are run in large diameter cables, with a 

large amount of cross-talk present. Coupling of sig-

nals from one line to another becomes something of 

a problem. So, if the resistance, which is large in 

respect to the normal impedances of these lines, is 

split, the portion in the computer will give a certain 

amount of isolation. In Figure 1, line 1 goes to 

another indicator. Resistor R1 and Ro are in the 

computer. Any cross-talk between lines 1 and 2 will 

be further reduced by resistor R2 in the indicator. 

The Tee-Lite engineers prefer to have part of the 

resistance included in the indicator light— for testing 

reasons. When a shipment of indicators arrives at 

the purchaser's plant, the transistor-controlled units 

go through in-coming inspection. When a voltage is 

applied to the unit, and if the purchaser has forgotten 

to include an external resistor in the test circuit, a 

resistor-less unit's transistor would be burned out. 

The inspectors can go through a large number of 

indicator lights, as has happened, before they realize 

it is the test set-up that is at fault, not the indicators. 

This is similar to the problem with neon lamps having 

no integral resistor; both cases should be noted and 

avoided. 

A practical limitation in the design of transistor-

driven indicators is the leakage current of the tran-

sistors. They are temperature sensitive devices. You 

have to be careful in your use of them. Tee-Lite 

uses a rule-of-thumb in their design, that the indica-

tors are made to operate from —40° to +65°C. 

These are felt to be practical limits, because opera-
tors are sitting in front of these lights. They are in 

the same environment as the indicators, and nobody 

will want to work beyond the — 40° to +65°C limits, 

as a rule. Storage temperatures, as a problem, are 

widely appreciated and watched. Also, when the units 
are in transit, they might go through some severe 

environmental temperatures. But as far as operating 
temperatures go, there will be no problem, due to the 

human factor. 

The upper temperature limit, as far as most of the 

transistor-controlled industry is concerned, is and has 
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been the plastics used in the lens caps. This is being 

overcome. There is much development and experi-

mentation—and some new materials are appearing 

which will stand up to, and above, +65°C. 

The basic part of the series circuit then, is due to 

temperature considerations. The leakage current, the 

current remaining in the transistor after you turn it 

"off," is still pretty significant, compared to the 

normal current going through the neon lamp. A typi-

cal design current here is 0.5ma through the lamp. 

At high temperatures (approaching +65°C) it is 

possible to get 0.2ma leakage. If you turn the tran-

sistor "off," the lamp can still continue to glow dimly. 

This is taken care of by shunting the lamp with 

resistor R4. It has been chosen so as to handle the 

leakage entirely. When the transistor is turned "off," 

the voltage across the lamp drops to below the extinc-

tion level. 

A typical lamp used in this series circuit is the 

NE-2V, a modernized version of the old reliable 

NE-2, but with a formed end-tip. Before they are 

used, they are seasoned (operated at specified volt-

age for specified periods of time) and selected for 

(Courtesy Tranststor Electronoes) 

Cut-away view of a transistor- controlled indicator light. This 
particular unit uses a No. 327 incandescent lamp. Neon version 
is same size, with addition of a series limiting resistor and leakage 
shunting resistor. 

their narrow range of breakdown voltages. The gas 
includes tritium, an isotope of hydrogen (a radio-

active material) for minimizing the effects of light 

(reduces the Dark Effect) and of temperatures. This 

makes for good, uniform firing characteristics. A 
typical lamp will fire somewhere on the order of 70v. 

This voltage can be dropped to about 50v and the 

lamp will still continue to glow. Under 50v the lamp 

will be extinguished. The lamps used are the stand-

ard brightness type. This gives you the fail-safe 

operation mentioned in the lamp article. 

In some circuits, the logic is such that the designer 

would like the lamp to go "on" with the opposite 
signal polarity of that in Fig. 1. (When the transistor 

is turned "off," in Fig. 1, the lamp is "off," when 
the transistor is turned "on," the lamp is "on".) In 
Fig. 2 the neon can be turned "on" or "off" by shunt-

ing it on or off. 

Fig. 2: Shunt circuit 
of a neon lamped 
transistor - controlled 
indicator light. For 
use on —100v, when 
transistor "on," lamp 
is "off" and vice 
versa. 
iCourtexy TEC-LITE) 

SIGNAL SOURCE 

RI 

SUPPLY 
-100V 

R2 10010 

A > 

R3 

PNP 

COMMON 

50 V 
0 5MA 

NE - 2V 

The neon lamp is across the transistor in effect. 

There is a resistor in series with the signal source 

(RI). This resistor limits the base current. When 

the transistor is cut-off, the voltage at point A can 
rise to the breakdown level. The lamp fires; current 

flowing through resistor R2, through the lamp to 

common. When the transistor is "on," the voltage 

at point A drops to essentially Ov. R2 and R3 form a 

voltage divider, designed to assure that the voltage 

at point A is below extinction, with the transistor 

"on". The circuit can be built without R3, and will 

perform well. But, by using R3, the differential in 

current (between the "on" and "off" conditions) is 

minimized. R2 is chosen to limit the current to the 

neon. If, for example, we had 100v, and a 50v drop 

across the lamp, then 50v would be dropped across 
R2. The current would be, say, 0.5ma, the resistance 

of R2 would be 100KÛ. If R3 were not in the circuit, 

when the transistor was switched "on," the 100v 

applied to the 100Kû resistor would result in a cur-

rent of lma. If R3 is included, say with a value of 

47K, then the voltage divider is formed, dropping 

approximately -73 of the voltage across R., and 

across R3 (transistor "on"). The voltage at point A 

is then around 33v, a level well below the extinction 

level. The lamp is effectively turned "off." Another 

important factor: the current drawn when the tran-

sistor is "on" is reduced from lma to about 0.66ma. 

If we multiply the 0.33ma by say 100 lamps, we get 

a decrease in current drawn of 30ma, no small amount 

for the circuits we are talking about and dealing with. 

These are the 2 basic neon circuits, in which we 

can control the lamp with opposite signal polarities. 

In Fig. 1 a negative voltage turns "on" the transistor 

and the lamp. In Fig. 2 a negative voltage turns "on" 

the transistor and turns "off" the lamp. 

Incandescent Indicators 

Incandescent indicator lights pose their own prob-

lems. Here you are dealing with a very, very high 

current (with respect to the neon types). Let us take, 

ELECTRONIC INDUSTRIES • January 1963 159 



INDICATOR LIGHTS (Concluded) 

for example, the 327 lamp of previous examples. It 

is a 28v, T1/4, incandescent, drawing 40ma. There 

is roughly an 80-to-1 ratio in current drawn, com-

pared to the neons. That much current makes it 

impractical to shunt the lamp with the transistor in 

the "on" state, as in the neon shunt circuit. 

\Vhat makes an incandescent, transistor-controlled 
indicator light possible is the fact that with these 

lamps npn transistors can be used to good advantage. 

Although high voltage npn transistors are not gen-

erally in the price range dictated by the needs of 

small indicator lights, low voltage npn's are quite 
reasonably priced. 

A typical circuit ( Fig. 3) for the incandescent 

units is similar to the neon circuit. But, we do not 

have to worry about the current limiting resistor or 

the leakage shunting resistor. This is because the 

current the incandescent lamp needs to glow is ex-

tremely high with respect to the leakage of the tran-

28V 

COMMON 

TYPICAL 
DISSIPATION 

“ON"_ 40MA 

V„ — 0.3V 

MW — 12 

'OFF"- 0.2MA 

Vce — 28 V 

MW — 56 

Fig. 3: Series circuit 
for an incandescent 
la m ped, transistor-
controlled indicator 
light. R, is the "keep. 
alive" resistor, giving 
longer lamp life. Con-
stant dull glow of 
lamp can also be 
used as a helpful 
servicing tool. 

(Courtesy TEC-LITE) 

sistor. This leakage now becomes insignificant. As 

a matter of fact, one thing which extends the life of 

the lamp tremendously is, to maintain a certain 

amount of current through the lamp at all times. 

This is done by using what is called a "keep-alive" 

resistor (R1). This resistor by-passes the transistor. 
It is chosen to continually conduct current through 

the lamp: either an amount just below the glow level; 

or an amount that will make the lamp glow a dull 

cherry. This dull color can serve as a very useful 

maintenance tool. The service personnel can go to 

the panel or console and take a close-up look at the 

indicators. If they see the glow—the lamp is good. 

If not, they will know just which lamp to replace. 

There is enough light output for this simple inspec-

tion, but not enough to attract an operator's attention. 
This constant current also results in extended life 

time, as mentioned above. The reason being that in 

many cases, the life of a lamp is not ended due to 

bulb blackening and corrosion of the filament, but by 

twisting, stress, and friction. The filament length in 

the 327 is approximately 4%. inches. The turns are 

so close together that the heating and cooling cycle 

(result of turning the lamp on and off) causes the 

wire to literally rub itself to death. Keeping a certain 

amount of current flowing reduces the cycle differen-
tial; lengthening life time considerably. This "keep-

alive" resistor is an integral part of the indicator light. 

High temperatures must be considered and dealt 

with, because of the effect they have on the leakage 

in the transistors. Low temperatures must also be 

watched. They affect the drop-off of transistor gain. 

This is not so much of a problem in the neon circuits. 

It is a major factor with the incandescent lamped 
indicators. In these units, the transistor must remain 

saturated because of the high current being used. If 

the transistor is not saturated these high currents can 

increase the dissipation factor to where the transistor 

will be destroyed. 

As the temperature goes up, you have to derate the 

dissipation factor. At +65°C you are working at the 
practical limit of germanium units. But with silicon 

transistors, indicator lights can be made to work 

efficiently up to 100°C. Also, the silicon leakage fac-

tors are down by around 100 under germanium. 

The transistors used in these indicators are not 

high speed (30-40mc) types. High speed is not 

needed because of one principle of the human eye. It 

can only distinguish between light flashes, etc., at 
about 24-30cPs. Because of this fact, and as an off-

shoot of development of the high speed Mesa and 

Planar type transistors, a number of fairly low speed 

silicon types are available, offering: low cost; high 

voltage characteristics; and small ( T0-18) size. This 

results in even more miniaturization in indicator 

lights. 

Computer manufacturers have come-up with some 

notable requests for the indicator light industry. And 

the light manufacturers have given birth to some re-

markable indicators. Typical are: indicators with 

built-in "memory" characteristics—the unit is turned 

"on" and stays "on" until some other function is 

accomplished, and the unit is turned "off" by remov-

ing the supply voltage or putting in another pulse. In 

some cases these lights will work from a train of 

pulses rather than a steady state dc. These signals 

can be varied in height and/or width. They might 

be pulses; or a certain high or low frequency signal. 

They can also be bursts of pulses. Consult the manu-

facturer before your design is frozen. He will save 

you both time and money, and might even make your 

design simpler and more reliable. 
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Input Circuits 

One of the basic concepts of the transistorized in-

dicator light is to have as much of the hardware as 

possible included in the indicator, rather than in the 

computer. The indicators serve no computing func-

tion. No information goes through the light. It only 

shows the operator that some function has been per-

formed. The indicator can fail and the computer can 

still compute. 

It is logical for the computer designer to have the 

light manufacturer put everything that has to do with 

the light, into the light housing. The light manufac-
turer also likes to be complete. He wants to put out 

a total unit, safe and easy to use under all conditions. 
The indicator light manufacturer can simplify the 

designer's job in a large majority of cases if—he is 

consulted before the computer design is completed. 

What the manufacturer wants to know from the 
prospective purchaser is: 

1. What supply voltage(s) do you have available? 

2. What bias voltage(s) available ? 

3. What is the signal condition? 

4. When do you want the light "on" ; when "off"? 

5. Do you want the impedance of the light limited 

to a specific value? 

6. Do you prefer neon for reliability? or, need the 

incandescent lamp for its brightness? 

7. Do you want the lamp replaceable or not? 

8. Is there a switching function that should be 

built-into the lamp? ( e.g. a press-to-test func-

tion; testing the whole computer indicator cir-

Cut-away view of a transistor- controlled, neon lamped indicator 
light for use on low voltages, typically 3 to 28v. 

(Courtesy Transistor Electronics) 

cuit with the lamp lighting to show circuit 

O.K.) 

Low Voltage Neon Indicators—The Big Boost 

For high reliability circuits, and applications 

where there is no high voltage available; or where 

you want to keep high voltages away from the con-

sole, the low voltage, transistor-controlled neon indi-

cator light is the answer. This indicator makes its 

own high voltage ( Fig. 4). 

Fig. 4: Circuit of neon 
lamped, transistor-
controlled indicator 
light for use on low 
voltages. L4 is feed-
back winding in basic 
Hartley Oscillator 
control circuit. 

(Court eay TEC-LITE) 

-3V 'OFF" 
VV "ON-

R2 

24 v 

COMMON 

150 v RMS 
50KC 

The supply is typically 24v, but units are available 

in "stack" down to 6v. The transistor is used in a 

basic Hartley Oscillator circuit. Coil 1,3 is the feed-

back winding, introducing the feed-back signal into 

the emitter circuit. R2 is the bias resistor. The signal 

to cut-off the transistor comes through R1. L2 is the 

high voltage winding, picking-off some 150v RMS at 

a freq. of about 50xc. C1 is for minimizing any har-

monics that might be introduced from the circuit into 

the power supply. 

A typical "on" signal would be Ov; typical "off" 

would be —3v. These lights include the advantage of 

the incandescent low supply voltage, with the long 

life and ruggedness of the neon lamp. One factor 

that can not be overlooked is the lower level light 

output. The light out is less than from an incandes-

cent, but is more than enough, in most cases, for 
any indicating function. While light output is sacri-

ficed, reliability and the space saved with the low 

voltage power supply are big advantages. 

The oscillator is more or less self-resonant as to 

frequency, except for capacitor C2 across the high 

voltage winding. The frequency is actually deter-

mined more by the size of the core and the winding 

of it, than by anything else. The frequency is kept as 

low as possible, consistent with taking full advantage 

of the properties (small size) of the ferrite core. 

The author wishes to thank Messrs. G. Williams, 

Vice President, and C. Anderson, Public Relations 

Director, TEC-LITE Div., Transistor Electronics 

Corp., Minneapolis, Minn., for their warm coopera-

tion and technical assistance. 
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Part Three of Three Parts 

DESIGNER'S GUIDE 

TO ILLUMINATED SWITCHES 
Many factors must be considered when 

using illuminated push-button switches. Units 

displaying 1 to 12 messages are discussed, 

along with more lighting information. 

A Human Factors Check- List is 

presented at the conclusion of this article. 

FOR IMPROVED PANEL DESIGN, simpler system oper-

ation, and increased operator efficiency, the illumin-

ated push-button switch is the answer. The time it 

takes an operator to find a switch associated with an 

indicator light (operator search time) and to perform 

some switching function is greatly reduced with il-

luminated switches. Operator training time is also 

reduced—the lighted screen of the illuminated switch 

tells them what to do—there is no need to memorize a 

multitude of switch functions. 

Illuminated switches also offer better looking con-

soles and panels. One illuminated switch can display 

1 to 12 ( in some cases more) messages. Instead of 

a mass of display units, 3 illuminated switches can 

take the place of 12 indicator lights and their asso-

ciated switches. In certain cases only one specialized 

illuminated switch is needed to pertorm the same 

functions as the 3 'standard' types. 

The Lighted LPS Push Button Switch features lamps replaceable 
from the front of the panel, without the use of tools. Uses No. 
327 lamps on 28v. Behind panel depth is 41/4 inches. Engraved and 
colored buttons are available, with engraved characters 1,i in high 
and up to 3 characters/button. Can be mounted vertically or 
horizontally; offered in 4 different types of inter- locks with a 
smooth, positive, light pushbutton action. 

«'ourteati General Control Co.) 

The total number of conditions monitored will, of 

course, depend on your particular project. And the 

total number of units you will need, to display these 

conditions will depend on the design of your circuitry. 

If you have a large number of conditions, consult the 

illuminated switch manufacturer as soon as possible. 

He may be able to simplify your design problems. 

The factors affecting the use of these units are 

many, and a number will have to be simultaneously 

worked on for best panel design. The Illuminated 

Switch Check-List is the result of talking with the 

major manufacturers—they feel the order of consid-

erations, as listed, should make your job easier, not 

only from the design angle, but also from a purchas-

ing point of view. With this information, you can 

quickly let him know just what you are doing, what 

is needed, and find out whether he can fill the bill. 

How much back and front panel space is available? 

Illuminated switches are complicated units, and some-

what larger than most indicator lights. If your 

switching function is simple, there are smaller units 

available, either in square or round configurations. 

Some are smaller than most indicator lights, or the 

same size. But for the more sophisticated switching 

requirements, the units are naturally of a larger size, 

offered with square, rectangular, or round legend 

screens. Before you freeze the design of your project, 

make sure you have enough space to fit in the illumin-

ated switch you want. 

The arrangement of the units will depend on hu-

man factor and industrial design considerations. 

Here, these will depend upon your particular philoso-

phy and any customer requirements. The Human 

Factors Check-List at the end of this article will be a 

useful guide line if you have no specific design re-

quirement to meet. 

Do you want the units to be interchangeable, or 
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Console for the Master Dispatch System, for integrated control of all fire- fighting equipment, in the Monroe County, upstate New York 
area. Names on the Micro Switch Series 2 illuminated switches are individual city and suburban fire companies. Any number of buttons 
can be depressed together, calling individual companies in sequence and automatically, without further operator action. Another mile-
stone in the ever expanding area of automation. (Courtesy General Raibray Signal Co.) 

not? One advantage of interchangeability is simpler 

logistics. You will not have to stock many replace-

ment parts. On the other hand, you will want the 

units—screens, lamp holders, lens holders, switch 

modules, etc.,—keyed, if, for example, the lamps are 

changed on a Time Cycle ( widely used in the mili-

tary), or, more than one display will possibly be out 

of the panel at the same time. Keying assures proper 

positioning ( and re-positioning) of not only the in-

dicating unit itself, but also of all its component parts. 
You avoid up-side-down legends, false indications 

(should read red but, reads green), and does away 

with pushing the wrong switch at the right time. 

As in the case of indicator lights, the illuminated 

switch is built around its lamps. But, the switch 

should also be given serious consideration. What 

rating must it have: voltage, cycle, and current wise? 

Loads and Switch Actions 

What kind of switch load do you have? If the 

switch is used to actuate other indicators, you have 

the cold filament resistance of the other lamps to deal 

with. Until the filament warms up and the resistance 

changes ( decreases) it will be drawing a large 

amount of current. Is the rating you want for the 

contacts sufficient to handle this current? The same 

is true of the resistive load. 

On the inductive load you get a tremendous cur-
rent flow (assuming this is a dc circuit) upon contact 

`break'. You will draw an inductive arc, without some 

protection. Also, you can get large spikes; for exam-

ple, in a 28v circuit you could conceivably get a 

spike of 3000v, if there is no contact protection. 

The motor load is mainly concerned with what is 

called the `locked rotor current'. When the switch is 

first depressed the current spikes (contact in 'make' 

position). The contacts must be rated to carry this 

high current, until the motor load current levels off. 

Some of the contacts offered are: palladium, platin-

um, and silver plated; with gold plated over silver 

plate for use in dry circuits where microscopic film 

resistances are a problem. Silver contacts are not 

efficient in dry circuits because the silver will form 

a sulfide of silver (a film resistance) under norma/ 
ambient conditions. Using gold over silver combines 

the current carrying properties of the silver with the 

non-corrosion, inert protection properties of the gold. 

Some of the terminals offered on illuminated 
switches are: solder lug; screw; and turret, both long 

and short. (Continued on following page) 
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What are the voltage and current requirements of 

the lamps in the illuminated switch ? Do you have this 
supply available, if not, what do you have? Illumin-

ated switches take a wide variety of lamps to fit most 

power supplies. Do you want simple, single lamp 

units, or a wide screen type with 2 or more lamps? 

The number can go up to 12. The number of lamps 

used will be in direct ratio to the number of messages 

you want to display, and also to the reliability level 
you need. 

Do you want the indicating circuit ( s) connected 
directly into the switching circuit? Do you want the 

indicating and switching circuits separate? Both 

methods are used and illuminated switches are avail-
able to meet the differing requirements. 

What kind of switching action do you want ? With 

momentary action the switch is triggered and re-

Rectangular and round models of Series 2 Illuminated Pushbutton 
Switches. Screens are pushbutton and indicator. Use 2, 3 or 4 
lamp 2 can be wired in parallel for reliability) projected color 
for split screen legend. Offered in barrier and flange type mount-
ing. Mount in panels from 1/16 to 5/16 in. thick. 

(Courteay Micro &vile) 

leased immediately. This is all you will need if you 

are turning on a piece of equipment or setting up 

stages for further processing. The alternate or on/off 

(also called push-push) type of action has the push-

button screen depressed and the switch holds. To 

reverse the condition the switch must be depressed 

again. This is advantageous where a train of 

pulses is being passed, a sequence is controlled by 

the switch, or equipment must be operated for a 
specific period of time. 

Solenoid-held action is best where a system is semi-

automated. The operator depresses the switch when 
the solenoid is energized and the switch is held in 

that position until some other function is completed. 

When that operation is over the voltage to the solen-

oid is cut off, releasing the switch. The operator does 
not llave to be in constant attendance. 

Where a series of illuminated switches is used for 

a sequence operation you have a choice of mechanical 
interlocks: 

1. Accumulative lock—all the buttons pushed re-

main locked in until a reset button is depressed. 
2. Lock release—any button pushed releases any 

previously depressed button. But 2 buttons can 
be depressed simultaneously. 

3. No two interlock—same as the above except 

with the addition of a positive mechanical inter-
lock, so that no more than 1 button in a row can 

be actuated at any one time. 

Illuminated switches are also offered with push-
pull action. If you want to avoid accidental depres-

sion of the push-button twice instead of once (turning 

off the equipment before it is even turned on) this is 

the switch you want. To activate a circuit takes a 

positive push in. To de-activate takes a positive pull 
out. 

With all these switching actions you have the 

choice of positive feel or not. The advantage of posi-

tive feel is that the circuit can not be accidentally 

activated. The operator can not brush by and depress 

the switch—it allows only a deliberate pressure (this 

force is called Tactile Feedback—a mechanical im-

pulse transmitted from the button to the operator's 

finger: done by a build-up of force, then an abrupt 
drop-off ) . 

As far as the number of poles is concerned, this 
will depend on your switching requirements. There 

is not space here to go into pole arrangements, and, 

there are a number of good works out on this subject. 
The illuminated switch manufacturer will give you 

any help you might need, and you can save time and 
money, if you consult him early in your design. 

Give the manufacturer as much information on the 

environment ( if it is of concern) as possible. The 

shock and vibration will affect the mounting method. 

The temperatures will affect the type screens or lens 

caps you use, and also the insulation requirements. 

What is the minimum contact resistance you re-

quire? What is the maximum? Contact resistance 

must be maintained, to avoid any drastic change in 

the current requirements. 

A REPRINT OF THIS ARTICLE CAN BE OBTAINED 
by writing on company letterhead to 

The Editor 
ELECTRONIC INDUSTRIES 

Chestnut & 56th Sts., Phila. 39, Pa. 
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Electrical contact life must be considered. When 

the contacts `break' a number of things happen. The 

major occurrences are: 

1. There may be contact material erosion. 

2. With ac or dc loads you can get transfer of con-
tact material from one contact to another. 

3. The transfer might build-up and, with accumu-

lation on the insulating surfaces, cause dielec-

tric breakdown. 

4. The inner action of the contact deposits may, 

under severe environments, cause contact fail-

ure. 
These factors also affect mechanical contact life. 

As far as protection goes, these requirements will 

also depend entirely on your project. One word of 
caution. Don't specify too much—the manufacturer 

will, of course, supply any protection you demand, 

but the cost will also rise. In the environments these 

displays are usually used in, they already have as 

much protection as they require. The main types of 

protection available and most widely asked for are 

included in the Check-List. 

Many types of mountings are available. The most 

popular are: bushing with knurled nut (for the 

small illuminated push-button switches) ; friction-

flange; and barrier-friction. The individual manufac-

turer's catalogs give full information (and these are 

included in this month's Tech Data). 

If you are mounting the displays individually, do 

you want a decorative bezel? The same applies to 

matrix mounting. Remember, the purchaser of this 

equipment will want to see what he has bought, from 

the front of the panel. 

Almost all the illuminated switches available can 

be mounted: protruding from the panel; flush with 

the panel and sub-panel. 

Some Lighting Considerations 
For the multiple lamped illuminated switches, the 

brightness of the screen is in direct ratio to the num-

ber of lamps used. The hue (color) of the screen will 

deepen as the number of lamps is increased. 

There are 3 principal ways of lighting these dis-

plays. The first is using a colored screen or lens cap 

over a lamp. The second is using a colored insert in 

the lens cap or screen over a lamp. The third is pro-

jecting the color (using either small silicone rubber 

filter caps directly on the lamp bulb or filter lenses 

placed in front of the lamps) onto a white trans-

lucent screen. 

A matte or non-reflecting finish will help contrast 

and visibility; a black matte finish gives max. con-

trast. Using polished finishes of metal or plastic in 

light colors or white is a poor choice. One other fac-

The 210 Series 
Control Keyboards, 
mounting interlocked 
pushbutton switch 
lights. Re-lamping is 
from front of panel 
without tools without 
interrupting power 
supply, and switches 
are not actuated 
when caps are re-
inserted into switch. 
(Courtesy IC0( ry) 

Press - Lites are of-
fered in 2 models: 
a 2a unit measuring 
9/16 in. 0.D.; and 
a 15a model which 
is 3/4 in. O.D. Switch-
ing is SPDT, main-
tained contact for 
both. Use incandes-
cent T-1 34 flanged 
base lamps on 6, 14, 
and 28v. Lens caps 
are 11/32 and 7/16 
in. in diameter. 

(Court eati Oak) 

Multi-Switch, illumi-
nated Series 21000 
use incandescent or 
neon lamps. Buttons 
have concave face 
with front and side 
lighting, in a wide 
choice of button col-
ors, on 6, and 28v; 
and 115 vac lines. 
Courtesy Swit ehet aft I 

The Series 40, Light-
ed Push Button Switch 
measures 0.44 in. dia. 
by 1.85 in. long. Use 
NE-2E, or No. 1764 
incandescent lamp. 
SPST momentary 
contact switch. 
Mounting hole 25/16 
in. in dia. Lamp and 
switch circuits are 
independent. 

(Courtexy Grayhill) 

Consolswitch, Series 
20,000 offered in 1 
to 4 pole, DT, with 
momentary, alternate 
or magnetic holding 
action. Use T-1 3/4 
color coated lamps, 
in red, green, amber 
and white. Lamps and 
legends changed 
without tools. May 
be stacked in any di-
rection. A 6 lamp 
unit is available. 
(Courtesy Jay-El) 



Exploded view of M- Series Switchlight: switch 
module, lamp housing ( front mounting with-
out barriers), 4 lamps with silicon rubber, 
colored filters for projected color on the 
translucent white button screen. Relamps 
from front without removing filters, without 
tools. Screen lights 1 color, quarters, or ver-
tical or horizontal halves. Snap-on switch 
modules are 2PDT or 4PDT momentary, alter-
nate and or solenoid- held action. 

(('our lenY Control Switch Die.) 

tor can be added to this: glare will add to poor visi-

bility and increase operator fatigue. 

There are 3 means of balancing the brightness of 
different colors. As we said in "Designer's Guide To 

Indicator Lights", certain colors show up better than 

others. To get a good Average Brightness you can 

operate the lamps behind the red and yellow screens 

at under voltage, and the lamps behind the blue and 

green screens at design voltage. Also, you can use 2 

lamps behind the brighter screens and 3 or 4 lamps 

behind the dimmer ones. The 3rd way is to specify 
screens in which the red and yellow colors are opaque, 

to a degree, by using a less translucent material in the 

screens. The blue and green screens will use a mate-
rial with a higher degree of translucence. 

If you want to be able to read the legend whether 

the unit is lit or not, a popular combination of back-
grounds and colors is: black lettering on amber, yel-

low or white backgrounds; and silver lettering on 
blue, green or red backgrounds. 

When using projected color, the screens will look 

softer in color than with a unit having a solid color 
screen. Split screens (both sides a translucent white) 

can also be used with projected color. On the non-

split screens, up to 4 different colors can be projected 

on the screen—one at a time (full color screen) ; in 

pairs; all at the same time (dividing the screen into 

quadrants with 4 messages showing) ; and one at a 
time on % of the screen. 

As was the case with the indicator light screens, 2 

lamps should be used for reliability. This gives you 

uniform screen lighting and fail-safe operation. If 

you have a critical application, you can use all 4 

lamps behind a single screen, increasing the reliability 

tremendously. 

Twelve Message Indicator 

If space is a real problem, but you need a visual 

indication of more than 4 functions; or you have a 

complicated sequence and want to make it as easy as 

possible on the operator, then Industrial Electronic 

Engineers, Inc., N. Hollywood, Calif., have a unit 

you should seriously take a look at. 

Known as the "Cue Switch", this compact unit (2 
x 1 x 4 inches) can display up to 12 messages, either 

in sequence or random operation. The unit is IEE's 

standard 120000SP miniature readout with a pre-

cision switch added for push-button capabilities. The 

push-button also serves as the viewing screen. On it, 

12 messages, either in pairs or separately, are rear-

projected from 12 different lamps. We have already 

talked about the different types of projection systems 
—this one uses negative film screens. The letters, 

words, symbols, or number, from % to in. high, 

appear white on a black screen, but colored negatives 

are also offered. The Cue consists of 12 lamps, 12 
condensing lenses and their associated film negatives, 

and 12 projection lenses. These component parts can 
be used in a number of ways: 

1. For 12 different messages. 

2. For 6 messages with dual lamp lighting. 
3. One lamp for a word, one for a number, and a 

third for a mode color, all displayed simultan-

eously. (Continued on page 168) 

Exploded view of Licon's 04 Series of Lighted Pushbutton Switches. Shown is the: screw- in switch module ( permitting increase or de-
crease of switch actuating pressure) available in momentary, maintained or solenoid- held action; hot.sing; and colored filter lenses and 
transulcent white screen. Cut-away just behind screen shows filters, offered in a wide choice of colors, for projected lighting of screen. 
For use on 6, 12 and 28v. 

(Courtesy !Aeon Div.) 
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ILLUMINATED SWITCH CHECK-LIST 

1. Application   8. Operating life: 

A. Total number of monitoring conditions   

B. Total number of units required   

C. Back panel space   

D. Front panel space   

E. Size: length  ; height  ; width   

F. Arrangement of units (conform with human 

engineering factors) 

G. Interchangeability of unit/displays: 

1. keying   

2. other   

H. Means of lamp replacement   

2. Lamp: 

A. Voltage   

B. Current   

C. Single or multiple lamp unit   

3. Switch: 

A. Voltage  ; ac(50/60   

or 400  cps); dc   

B. Current   

4. Class of switch load: 

A. Lamp   

B. Resistive   

C. Inductive   

D. Motor   

5. Circuitry required, if any, relating switching func-

tion to lamps   

6. Switching Action: 

A. Momentary   

B. Alternate (on/off; push- push)   

C. Solenoid- held   

D. Mechanical latching   

E. Push-pull   

F. Number of poles and arrangement   

7. Environment: 

A. Shock & vibration   

B. Ambient temp.   

A. Minimum contact resistance   

B. Electrical contact life   

C. Mechanical contact life   

D. Lamp life time   

E. Minimum contact bounce   

9. Protection: 

A. Splash proof   

B. Environmental free   

C. Hermetically sealed   

D. Any panel sealing requirement   

E. Fungus resistance   

F. Corrosion resistance   

10. Mounting and Legend Screens: 

A. Mounting: 

1. Individual   2. Matrix   

a. Protruding from panel   

b. Flush with panel   

c. Sub-panel   

B. Legend screens: 

1. Color: projected  ; solid   

2. Message: 

a. Words  ; Letters   

Symbols  ; Numbers   

Specify   

b. Size   

c. Style   

d. Color   

3. Background 

4. Divisions: 

a. Full screen (no divisions)   

b. Split screen   

1. Horizontal   

2. Vertical   

3. Tri   

4. Quadrant   

ELECTRONIC INDUSTRIES • January 1963 167 



ILLUMINATED SWITCHES (Concluded) 

A variety of lamps can be used with the "Cue" for 

operation on 6, 14, and 28 volt systems. Panel thick-

ness is yi inch. Standard colors for lenses are amber, 

blue, green, red, white and yellow. Special colors are 

also available. 

Simultaneous display of 2 or more messages on 

different portions of the screen, or single messages 

one at a time, from one location on the console or 

panel, make for reduced operator search time, easy 

This Illuminated 
Computer - type 
Switch is snap- in, 
flush mounting for 
use on ac. dc, or dry 
circuits. Push- but-
tons at top and bot-
tom. Screen lit by 2, 
10v push- in bulbs. 
Maintained contact 
switch shown; mo-
mentary, as well as 
simple indicating 
light, available. 

(Gourte,y eutlfr-Ilamonr) 

sequential operation, increased operator attention, 

and reduced operator training time. 

If increased reliability is desired, along with high 

brightness, 2 lamps and 2 negative films ( with iden-

tical information on them) can be used in parallel. 

If one lamp burns out, the other still lights, the mes-

sage is still displayed. The decreased brightness indi-

cates that replacement is necessary—thus giving you 

fail-safe operation. With this type of operation you 

still get the advantage of 6 messages from one indi-

cator. 
An optional quick-disconnect back is available for 

the "Cue", giving fast access to the lamps from the 

rear of the panel. Only fingertip pressure is needed 

to release the attachment. 

Other units are also available, so that you can 

Cut-away view of the 
120,000 Cue Switch. 
The 4 rays of light 
show 3 different 
words and 1 back-
ground color. Other 
8 lamps still available 
for other uses. 
t(ourt("01 IEE, Inc.) 

Photo at right shows 
12 types of messages 
that are possible, out 
of wide selection of-
fered. Complete unit 
had pushbutton 
screen, switch mod-
ule below, and quick-
disconnect back. 

purchase: switch-displays; switches only; displays 

only; and switch-pilot lights; all with identical front 

panel appearance to meet industrial design criteria. 

The author wishes to thank especially the follow-

ing for their gracious effort in helping him prepare 

these articles. 
Alden Products Co., Brockton, Mass. 
Allen-Bradley Co., Milwaukee, Wis. 
American Machine & Foundry Co., AMF Instrument 

Div., Alexandria, Va. 
AMP, Inc., Harrisburg, Pa. 
Army Ballistic Missile Agency, Redstone Arsenal, Ala. 
Boeing Co., Seattle, Wash. 
Capitol Machine and Switch Co., Danbury, Conn. 
Controls Co. of America, Control Switch Div., Folcroft, 

l'a. 
Curtiss-Wright Corp., Wood-Ridge, N. J. 
Cutler-Hammer, Inc., Milwaukee, Wis. 
Dialight Corp., Brooklyn, N. Y. 
Drake Manufacturing Co., Chicago, Ill. 
Eldema Corp., El Monte, Calif. 
General Control Co., Boston, Mass. 
General Electric Co., General Purpose Control Dept., 

Schenectady, N. Y. 
General Electric Co., Miniature Lamp Dept., Cleveland, 
Ohio 

Grayhill, Inc., La Grange, Ill. 
Haydon Switch, Inc., Waterbury, Conn. 
Hudson Lamp Co., Kearny, N. J. 
Illinois Tool Works, Inc., Licon Div., Chicago, Ill. 
Industrial Electronic Engineers, Inc., N. Hollywood, 

Calif. 
International Telephone and Telegraph Corp., New 

York, N. Y. 
Jay-El Products, Inc., Gardena, Calif. 
Kay Electric Co., Pinlite Div., Pine Brook, N. J. 
Korry Manufacturing Co., Seattle, Wash. 
Leecraft Manufacturing Co., Inc., Long Island City, 

N. Y. 
Marco Industries Co., Anaheim, Calif. 
Micro-Miniature Lamp Co., New York, N. Y. 
Minneapolis - Honeywell Regulator Co., Micro Switch 

Div., Freeport, Ill. 
Donald P. Mossman, Inc., Brewster, N. Y. 
Oak Manufacturing Co., Crystal Lake, Ill. 
Panellit, Inc., div. of Information Systems, Inc., Skokie, 

Signalite, Inc., Neptune, N. J. 
Sloan Co., Sun Valley, Calif. 
Sperry Rand Corp., Univac Div., New York, N. Y. 
Switchcraft, Inc., Chicago, Ill. 
Sylvania Electric Products, Inc., Sylvania Lighting Prod-

ucts Div., Salem, Mass. 
Transistor Electronics Corp., Minneapolis, Minn. 
Tung-Sol Electric Inc., Newark, N. J. 
Westinghouse Electric Corp., Lamp Div., Bloomfield, 

N. J. 
Westinghouse Electric Corp., Standard Control Div., 

Beaver, Pa. 

rvliz 
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HUMAN FACTORS DESIGN CHECK-LIST 
This material was originally written for use with only 

simple legend lights. These lights are defined as: single-
color, incandescent, trans-illuminated, having generally 
rectangular screens with legends imprinted on them. 
You might not agree with all the data presented here, 
but the author of this study does not present it as the 
`bible.' He recognizes that human factors engineering 
is a very subjective subject. This material is only pre-
sented as a general set of guide-lines, to be used as a 
reminder. 

Hardware Considerations* 
The following factors should be considered when 

choosing legend lights for use on system panels: 
A. Legend lights with a small screen area should be 

avoided. The screen should be large enough for easily 
readable legends. 

B. If a master indicator or lamp testing circuit can 
not be designed into the panel, press-to-test legend lights 
should be used. 

C. When mounted, the legend screen should be rea-
sonably flush with the panel face. Units which extend 
from the panel can, under certain conditions, hamper 
the operation of adjacent controls. They may also hinder 
clear vision of any adjacent panelware. 

D. On the other hand, the screen should not be 

recessed too much into its housing, or below the panel. 
E. For reliability use 2 lamps for lighting the screen, 

if possible. If one burns out the screen will still be par-

tially lit. Dual lamps are a necessity in critical indicat-
ing applications. 

F. Replacement of lamps should be from front of 
panel. It should be done without need of any tools. If 

possible, use the same type lamp throughout the system. 
G. Avoid confusion when changing a lamp. Keep 

screen loss or interchanging to a minimum by using 
captive screens, coded keyways, etc. 

H. For a minimum of operator confusion use screens 

of same size. Oversize screens should be used for em-
phasis, such as a master system summing, if possible. 

I. Make sure the screen and the unit are "light-tight." 
Avoid light leakage. 

J. Trademarks, company names, or other markings 
unrelated to the information displayed, should not ap-
pear on the screen in such a way as to distract the 
operator. 

D Operating Characteristics 
Requirements for using legend lights are essentially 

those for using indicator lights (and—with modification 
—also illuminated switches). Legend lights should give 
the operator a CLEAR, IMMEDIATE indication of 
CURRENT equipment or system conditions. These in-
dications should be QUALITATIVE, and the informa-
tion ESSENTIAL for operation. The indications should 
cover all operational and maintenance eventualities. 

A. Number of legend lights used should be kept to a 
practical minimum, yet give all information needed. 

* Material taken from Report No. RE-TR-2-61. "Selection and 
Utilization of Simple Legend Lights," written by Mr. Gerald Chaikin. 
Human Factors Engineering Branch, Engineering Requirements 
Coordination Office, Directorate of Research & Development. Army 
Missile Command, Redstone Arsenal, Ala. 

B. Legend lights should be used only to isolate mal-
functions down to the point of immediate concern to the 
operator. Where this point is depends on your particular 

maintenance philosophy. 
C. A malfunction should be indicated as such. Do not 

depend on the mere absence of some operating-condition 
signal to warn the operator. 

D. A legend light should come "on" immediately 
when the condition described on its screen occurs; it 
should immediately go "out" when that condition ends. 

E. Do not use legend lights merely to show manual 

switch positions. 
F. Legend lights should be used to give qualitative 

information. They do not normally give commands. If 
the light is used to give a command, then the legend on 
the screen should show this clearly and boldly. There 

should be no chance for mistakes. 
G. Legend lights should operate in a fail-safe manner. 

The monitored circuits or equipment should not fail if 
the legend light or its indicator circuit fails. 

D Coding 
A. Color Coding 
In general, the color coding of legend lights should 

conform to the following definitions: 

1. RED—should designate an unsatisfactory condi-
tion, or inoperative piece of equipment which is prevent-
ing successful operation. Red lights should display in-
formation such as: malfunction; failure; error; etc. 

Red is not necessarily the converse of green. 
2. GREEN—should designate a satisfactory condition. 

or equipment operation which is necessary for total 
system operation. Green lights should display informa 
tion such as: test complete; ready; in-tolerance; etc. 

3. AMBER—should designate a marginal condition. 
or equipment which may adversely affect or delay overall 
system operation; as such it is a "caution" indication. 
Amber lights should display information such as: cau-
tion, hold, etc. 

4. WHITE—should designate system conditions or 
status, but should not imply a right or a wrong condi-
tion. \Vhite light should display information such as • 
operating mode; test in progress; etc. 

5. Your system design or maintenance philosophy may 
dictate that you change this color code. Remember this 
— whatever color code you use, keep it consistent 
throughout the system. 

6. Colors which are strong and easily seen ( whether 
the lamps are on or not) should be used for indicating 
anticipated signal quality information. 

B. Flash Coding 
Flash coding should conform to the following: 
1. Flashing Red indicates a dangerous condition. 

Equipment damage or personnel injuries are apt to 
result, unless immediate corrective action is taken. 

2. Flash rates, for warning lights, should be between 
3 to 5 flashes per second. "On" and "off" times should be 
about the same length of time. 

3. The light should burn steadily if it is energized 
when its flasher device has failed. 

4. Red flash coding should not be used for any func-
tion but warning of personnel equipment disaster. 
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DESIGNER'S GUIDE (Concluded) 

5. Avoid wide spread use of flash coding. I f pu,sible. 

limit its use to emergency conditions. 

D Lettering 
A. Legends should be engraved ( applied by a process 

which recesses the letters into the screen) and filled with 
an appropriate pigment. 

B. Rear engraving through a color-coded layer, to a 
clear front layer, can give improved protection against 
legend wear or damage. 

C. Legend markings should be visible when the light 
is off, as well as when it is on. 

D. Space on the screen is usually at a premium. Keep 
the legends as brief as possible, without destroying the 
intended meaning. 

E. If you have to use abbreviations, follow Mil-
STD-12 as a guide. If standard abbreviations are not 
possible or inappropriate, use substitutes. When picking 
the substitutes be careful that they are meaningful and 
clear. Avoid confusing the operator. 

F. The legend should fit the condition exactly. Avoid 
similarities to non-related system legends. 

G. All lettering should be capitals. Do not go smaller 
than 14 inch in height (approximately 9 points). 

H. Use Arabic numerals instead of Roman, if possible. 
I. Letters and numbers should be a simple, sans-serif 

style. This is the style generally recommended for 
panel labeling. 

J. Do not use mathematical and/or scientific nota-
tions as legends, unless the meanings are absolutely clear 
to operators, maintenance presonnel, and trainees. 

K. Choose the legend for its exact condition descrip-
tion, and also for its training value. The clearer the 
meaning; the better the legend. 

D Auxiliary Controls 
A. Design a master lamp or indicator test circuit 

into the panel when using a large number of legend 
lights, if possible. A master test circuit is preferred to 
individual press-to-test circuits. This allows the opera-
tor to make one quick test of all the indicators before he 
uses the panel. If you cannot include the master test 
circuit, then individual press-to-test hardware should 
be used. 

B. The operator's monitoring alertness can be lowered 
if the indicators are either not bright enough, or too 
bright for the ambient light. This can degrade system 
operation. A compromise between indicator and ambient 
light brightness is the solution. A brief study will usu-
ally show what the level of indicator brightness should 
be, in comparison with the ambient light. 

D Location Considerations 

A. Arrange the legend lights in a logical, orderly 

manner. If possible, they should be located according to: 

I. Sequence. 3. Importance. 
2. Function. 4. Frequency of use. 

B. If the operator has to perform a number of opera-

tions in sequence, arrange the legend lights in that se-
quence, if possible. If there is no such requirement, 
group the indicators according to function. 

C. Usually, a legend light used to display a condition 
to be started by pushing a button should be placed above 
the button. This prevents the operator's hand from 

blocking his view of the legend. 
D. When you use a legend light to show a condition 

begun by moving a toggle switch, place the legend light 
next to the switch position to which the toggle is moved. 

E. If you use a legend light to display a condition 

begun by moving a selector ( multi-detent) switch, place 
the legend light next to the switch position to which 
the switch is moved. Avoid crowding legend lights. 

F. Place critical warning lights as close as possible 
to where the operator should be looking ( either seated 
or standing). If this location interferes with the logical 
layout of the panel display, the warning lights can be 

located outside of the operators normal line of sight. 
But, not too far. Critical warning lights should not be 
located more than 30° to the left or right; more than 
10° up or 25° down with respect to the operator's normal 
line of sight. Critical lights are most effective if isolated 
from other lights. Place the button or switch the opera-
tor must operate in the critical period next to the warn-
ing light, if possible. 

G. When slanted panels ( facing up) are used, keep 
those critical warning lights out off the lower 73 of 
the panel. The operator might accidently block any 
indication if using the panel as an arm rest. Or, he or 
she may cover the warning light if they lean forward 
to do some operation on a higher panel. 

H. If the operator is not required to sit in constant 
attendance, or must divide his attention while the system 
is operating, couple a buzzer or bell to the warning 
light. Anything to immediately bring his attention back 
to the panel. 

I. In most cases, you do not have to label the panel 
near individual legend lights. Their legends should 
clearly tell the condition or function being monitored. 
But, group labeling should be used where appropriate. 

J. The following information should be used, when 
laying out panel locations for legend lights: 

1. Assume a 28 inch normal viewing distance from 
vertical panels. 

2. Design for the extreme dimensions of operating 
personnel ( most people will fit between the 5% 
and 95% figures) : 

a. Min. standing eye height for all but 5% is 60 
inches from the floor. Max. standing eye height 

for all but 5% is 68 inches from the floor. 
b. Min. seated eye height for all but 5% is 27 

inches from the floor. Max. seated eye height 
for all but 5% is 33 2 inches from the floor. 

C] Consistency 

Legend lights should be used in a consistent manner. 
Be consistent in choosing hardware, color-coding, physi-
cal layout, lettering and abbreviations, and panel-to-panel 
repetitive grouping. Being consistent in using indicators 
pays-off in: 

1. Simplifying training. 
2. Easing supply problems. 
3. Improves maintenance. 
4. Contributes to higher operating efficiency. 
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"TRANSISTORIZED" INDICATORS 
DESIGNED TO SOLVE YOUR 

SPACE/CIRCUITRY PROBLEMS 
Only TEC-LITE Transistorized Indicators are application engineered 
to exactly match your signal and supply voltages. .. mechanically de-
signed to fit front and back panel areas of your console! Don't make 
do with stock lights that fail to meet your needs; specify patented 
TEC-LITE Indicators that were originated by computer engineers 
for computer application. 

MTL Serles 

5 1.01%, \.,, ' r "Transistorized" 
..-- 0 MINI-LITE Indica-
--- tor controls neon 

lampwithsmallvolt-
age signal. 

TBL Series 

BUTTON -LITE 
(Transistorized) 

-., combines indepen-
dent action switch 

• with MTL Series 
functions 

TUL Serles 

ot ' TRANSISTOR CON. 
\- - TROLLED INCAN-

DESCENT LITEcon-
trols replaceable 
lamp with small cur-
rent signal 

- TML Series 

- re-
' "‘" placeable incan• 

Age 1ie-'4.' SOLID STATE 

descent lamp turns 
ON with small sign-
nal, remains ON 
when signal is re-
moved 

LVN Serles 

•1 t. 

NEON LAMP neon -Z v ¡LOW VOLTAGE G-
lamp lights from 

— supply voltage as 
low as 3VDC—can 
also be controlled 
by small signals 

TNR Series 

ee,--

.',' "Transistorized" 
NIXIE® READOUT 
complete readout. 
includingdecoders, 
memory, etc. 

0 mounts on 1" 
. centers 

elellegieee .,'!) 

Over 600 lens color and style 
combinations availa ble. Replace-
able incandescent and neon 
lamps give units extremely long 
life. 

Integral independent action 
switches available in many cata-
loged models—every custom-
built lite. 

Self-contained lamp control cir-
cuitry saves space in logic sec-
tions—eliminates costly design, 
assembly and testing of external 
control devices. TEC originated 
and patented the concept of self 
contained transistorized indica-
tor devices. 

Custom-built TEC-LITE Indica-
tors are designed to exactly fit 
your system's electrical, mech-
anical requirements. Cataloged 
indicators meet typical signal 
and supply voltages. 

TEC's large inventory of compo-
nents and mechanical parts per-
mits custom units ( not requiring 
special tooling) to be priced at or 
near those of standard cataloged 
TEC-LITE Indicators. 

TEC-LITE Indicator's have high 
reliability and performance ca-
pabilities which meet, or can be 
designed to meet, military speci-
fications. 

A full selection of terminals com-
patible with current design tech-
niques is offered—Taper Pin, 
Taper Tab/Solder Lug, Turret 
Lug and "Wire-Wrap". 

Contact your 
TEC Representative 

or write direct. 

__ E)A,HrEqE 
DIVISION 

Transistor Electronics Corporation 

Box 6191, Minneapolis 24, Minn. 
Telephone: 935-7701 

TEC-LITE Transistorized Indicators are protected by one or more of the following patents: U.S 
Pat. Nos. 2,985,874 St 3,041,499. French Pat. No. 1,291,911 
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WHERE DOES ELECTRONICS STAND IN 1963? 

See for yourself 
by visiting the 

th 

INTERNATIONAL EXHIBITION 
OF ELECTRONIC 

COMPONENTS 

FROM FEBRUARY 8th to 12th, 1963 

IN PARIS (PORTE DE VERSAILLES) 

The largest world-wide collection 

in the field of electronics 

All components, tubes and semi-

conductors, measuring and con-

trol equipment, audio devices.. . 

For all information and literature: 

FÉDERATION NATIONALE 
DES INDUSTRIES ÉLECTRONIQUES 
23, rue de 11;beck — PARIS 16' — PASsy 01-16 

Under the auspices of F.N.I.E. 

rd INTERNATIONAL 

CONGRESS OF 

QUANTUM ELECTRONICS 
Organized by the 
French Section of the I.R.E. and by the S.F.E.R. 

FROM FEBRUARY 10th to 15th, 1963 
Maison de l'Unesco 
Information: 7, rue de Madrid PARIS 8' 

Mell TIM 0 Mrg 

TANTALUM SLUG CAPACITOR 
Measures 19/64 in. long, body dia. of 1/8 
in., and flange of 13/64 in. 

Capacitance, for the "Y" size Series 
TS, ranges from 0.91 to 15i.tf; voltage 
ranges from 6 to 125vdc depending upon 
capacitance. Meet all the requirements of 
Mil-C-3965B and have high load life 
capability. The present units are rated 
for operation in 85°C max. ambient temp. 
Series TS capacitors feature a porous 
anode of sintered tantalum, sealed into a 
fine silver case which serves as the cath-
ode and container for the electrolyte. 
Ohmite Mfg. Co., 3631 Howard St., 
Skokie, Ill. 

Circle 257 on Inquiry Cord 

POWER OSCILLATORS 

Co; er from 200 to 1050mc; power out-
puts from 30ime; to 50w. 

Line of VHF-UHF Power Oscillators 

Models 408 and 410 features compactly 
designed r-f cavities, and are capable of 
operating in three modes: CW; 1 xc 
pulse; and external pulse. Continuously 
tunable over 2 to 1 freq. bands, and have 
high ratio dial featuring negligible back-

lash, and a logging scale permitting a 
resettability of 0.002%. For antenna eval-
uation; calibration of power measuring 
devices and driving amplifiers. Operate 
from 115vac; measure 8 x 11 1/2 x 17 in. 
and weigh under 50 lbs. Microdot, Inc., 
220 Pasadena Ave., S. Pasadena, Calif. 

Circle 258 on Inquiry Cord 
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QUICK-REACTION SWITCH LITES— You design a lighted switch into your 

circuit to: ( 1) get operator's attention (a status signal) ; ( 2) direct action 

(push where you see the signal); and (3) perform a circuit function (operating 

characteristics of the switch). We offer advanced-thinking designers a fully-

stocked line of switchlites in a complete variety of sizes, shapes, mounting 

styles and circuitry. Select from a line of one, two, three or four-lamp models. 

And as a bonus, every switchlite (and matching indicator light) is easily 

re-lamped from the front. Write for our new free Switchlite Catalog #220. 

ElCONTROLS COMPANY OF AMERICA 

CONTROL SWITCH DIVISION 
1420 Delmar Drive, Folcroft, Pennsylvania 

• • • • • 
• • • • • 

ELECTRONIC INDUSTRIES • January 1963 Circle 85 on Inquiry Card 173 



'£lell pmunum DIGITAL PHASE SHIFTER 

Real time delays in 16 equal steps be-

MULTI-THROW SWITCH 

This broadband, coaxial with unit covers 
from 0.3 to 7Gc. 

Useful for broadband operation over 
a wide range. It is available in SP4T 
and SPDT models and has characteris-
tics comparable to that of SPST units. 
The switches have insertion losses as low 
as 1.2db and isolation as great as 43db 
in portions of the band. The switching 
speed of these new devices is in the 
nanosecond range. American Electronic 
Laboratories, Inc., 301 Richardson Rd., 
Colmar, Pa. 

Circle 289 on Inquiry Card 

TELEMETRY TRANSMITTER 

The TRPT-5v is a 5w solid state tele-
metry transmitter. 

This rugged and ultra-stable transmit-

ter is designed for missiles, space, and 

mobile applications. Performance charac-

teristics are: output impedance is 500; 

frequency range is 215 to 260mc; fre-

quency stability is -±0.005%; power out-

put is 5w; power input is 28vdc 

@ 1.6a; and temperature range is — 20°C 

to +80°C. Vector Manufacturing Co., 

Inc., Southampton, Pa. 

Circle 290 on Inquiry Card 

tween 0 and 1 uhf period. 

The time delay steps are by 4 diode 

phase shifters switching line lengths in 

and out of the path connecting them in 

16 combinations. The entire phase shift-

er, with four 3db couplers as well as 

diode switches and line lengths, is printed 

on a single sheet of dielectric-filled strip 

transmission line. For operation at 600mc, 

exhibiting a phase error of less than 

--t.4° with overall insertion loss between 
1 and 2db. Built to fit in an area 8 in. 

in dia. Has power handling capacity of 

2w. Hyletronics Corp., 185 Cambridge 

St., Burlington, Mass. 

Circle 291 on Inquiry Card 

81/2  million* revolutions of tumbling in 150° F. machine 
oil has no effect on the adhesion, physical characteristics 
or appearance of Brady B-400 Wire Markers. Amazing? 
That's only part of the story! B-400 Markers stick to all 
types of electronic wire, even Teflon . . . resist heat up 
to 250° F. . . . are super-thin for least bulk . . . with-
stand effects of solvents, acids, detergents. Dispenser 
Card Mounted for fast application. 1100 stock items. 

Write for Free Testing Samples, * Test Data and 
Fact-Filled Bulletin. 197 

W. H. 01130D CO., 749 W. Glendale Ave., Milwaukee 9, Wis. 

EST. 1•14 

Manufacturers of Quality Pressure-Sensitive Industrial Tape Products, Self. Bonding 
Nameplates, Automatic Machines for Dispensing Labels, Nameplates, Masks and Tape 

Circle 86 on Inquiry Card 

VARIETY UNLIMITED 
Lacing cords, tapes and braids to meet any electronic 

specification are included in LTCO's complete line. A 

variety of fibers, constructions, put-ups and special 

finishes provide superior performance lacing. 

Write for comprehensive illustrated catalog 
"Lacing, Cords and Tapes For Electronics." 

THE LINEN THREAD CO. 
0.• Mounfalee. Alob•m• 

A DIVISION OF INDIAN HEAD MILLS, INC. 
Circle 87 on Inquiry Card 
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MICROWAVE RECEIVER 

LAB-CVR is packaged without local 

oscillator for cost savings. 

The LO function can be provided by 

widely available laboratory signal gener-

ators with 1-10mw output. LAB-CVR, a 

superhet type unit, covers from 500mc to 

11Gc providing both AM and FM recep-

tion. Can be used for microwave moni-
toring, measuring, and spectrum analysis 

(when the LO is a swept freq. genera-

tor). Operating range is 95db ( — 115 to 

—20dbm), AGC dynamic range is 80db. 

Typical meter sensitivity, ( narrow band) 

is — 115dbm. Panel Height is 51/4 x 17 

in. and cabinet depth is 16 in. Melabs, 

3300 Hillview Ave., Stanford Industrial 

Pk., Palo Alto, Calif. 

Circle 292 on Inquiry Cord 

'£lell U 

•-•• 

U. ULM 

POWER SUPPLY 

(.,,ntrollcif Rectifier type system. 

Provides precise regulation of 0.01%. 
Designated Model No. 3037-1, this 24-34v 
at 100adc power supply was designated 
for ground support equipment. The unit 
operates from a 208/230/460v 30, 57-
63crs ac line and has low dynamic line 

and load regulation. Ripple and noise do 
not exceed 5mv ems max. The unit has 
recovery time of 100µsec and an output 
impedance of 0.1 milliohms. Perkin Elec-
tronics Corp., 345 Kansas St., El Segundo, 

Calif. 

Circle 293 on Inquiry Card 

******************** 

IEEE 
HEAR 

DISTINGUISHED 

SPEAKERS 8.4 

PANELISTS 

at 

I-TRIPLE-E 's 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 
The COLISEUM at Columbus Circle 
& The WALDORF ASTORIA HOTEL 

admission: MEMBERS $ 1.00; NON-MEMBERS $3.00 
MINIMUM AGE: 18 

SHOW 
(formerly the IRE Show) 

******************** 

1- PIECE 

NYLON 

BODY AND LENS 

BLOWERS 

Crossfio models available for design study 
and evaluation. 

Hand-made models for industry engi-
neering evaluation of the transverse-flow 
principle, these units, in three impeller 
diameter sizes of 2, 3.15 and 4 in. ( photo) 
and each 7 in. long, are believed to be 
the first transverse-flow design models 
immediately available at reasonable cost. 
The discharge area and air output can be 
increased simply by placing Crossflo mo-
dules of required size side by side. Air 
Impeller Div., The Torrington Mig. Co., 
Torrington, Conn. 

Circle 294 on Inquiry Card 

SAVE MONEY 
with this new 

DRAKE 
"Glom Life" 

Specially designed for reliable performance at 
sensible costs, for appliances, instruments, 
specialties, many other applications. Simplified 
construction means low cost, long life, without 
sacrificing appearance. Built-in NE2H hi-brite 
25,000-hour neon lamp, series resistance for line 
voltage operation—available for 125V or 250V use. 

Fast assembly with choice of snap-in plug or 
Tinnerman nut. Selection of red, white or amber 
body and lens color — flat or conical lens shape, 
each translucent and signal lined inside. Attached 
wire leads have concealed connections for safety. 

"Glo-Lite" is the latest of many DRAKE devel-
for all types of Miniature Lighting 

applications. Tell us 
your needs. 

* WRITE TODAY for 

further "Glo-Lite" 

information, prices 

opments 

o 
II 
DRAKE 

4626 NORTH OLCOTT AVENUE 

MINIATURE 
LISHTIN6 

SPECIALISTS 
• CHICAGO 31, ILLINOIS 

C rcle 89 on Inquiry Cord 
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FM Deviation Check 4.3 
kc modulation at first 
carrier null. Deviation 

-i- 10.32 kc. Pano-
ramic display shows 

actual sideband spread 
including those 

beyond deviation 

iems? FM prob 
pictures like these 

give the answers 

you need for FM 

operating and 

equipment 

testing 

Two photos showing 
FM signals of equal 

deviations 1-55.2 kcl 
but d:ffereitt energy 

distributions. FM 
deviation monitor 

would read identically 
in both tests. 

10 lcc modulation 
at Jecora carrier 
nu I 

Same modulation 
level-frequency 

In 

\A/1th a PANORAMIC 
PANALNZOR 

you can 
See RAPIDLY the frequency vs 
amplitude contents of FM 
signals . . . compare relative 
magnitudes of FM frequency 
components 
Measure deviation precisely 
through carrier and sideband 
nulls 
Determine sideband spillover 

. assure conformance with 
statutory bandwidth restric-
tions of sideband energy 
Observe clearly sideband 
structure under complex 
forms of modulation 

• Analyze carrier shifts, inci-
dental AM, hum, RF harmonics 
non-linearities ... detect 
carrier pulling or instability 
in both magnitude and direction 
Adjust operating parameters at 
Optimum 

Write, wire, phone for more information 
TODAY. An Applications Engineer is al-
ways available to discuss specific prob-
lems 

• A Trademark of The 
Singer Manufacturing 
Corn pa n5 

Major regions of FM 
system sideband energy 

due to speech modu-
lotion clearly illustrated 

on Panalyzor. Slow 
scans aid in visual 

apoieciation of average 
envelope. Extended 

exposure photographs 
also are valuable for 

complex wove analysis 

Two photos shewing FM due to clipped sine waves. 

' 

Relative lack of side-
4 bands to left of carrie 

(centered on Panalyzor 
screen) indicate 
limited deviation on 
clipped end of 
oscillator swing 

i-lece the other side is 
clipped. Note mirror k 

image effect and r 
slight carrier shift. 

3 models . . . 9 types meet almost every need . . . 
pres.?nt a full graphic picture of incomparable value . . . 

provide a measuring tool of utmost simplicity, 
complete reliability, tremendous flexibility. 

MANUFACTURED BY 

elâ- -  1\141E+RiCS 
TME SINGER MANUFACTJRING COMPANY 

915 PEMBROKE SlREET • BRIDGEPORT 8, CONNECTICUT 

FOREST 6.3201 

ULM 

DC/AC PORTABLES 
Engineered to the requirements of lab-
oratory accuracies. 

The de portables feature the Triplett 
suspension movement (no pivots, no bear-
ings, no hairsprings, thus no rolling fric-
tion) providing very rugged instruments 
with high sensitivity and repeatability. 
Other features are the long 6 13/32 in. 
mirror scale, knife edge pointer, and fully 
open meter front with top and side natural 
lighting for easy and accurate reading. 
Measures 7% x 6 7/16 x 44 in. in a 
molded case with carrying handle at-
tached. The Triplett Electrical Instrument 
Co., Bluffton. Ohio. 

Circle 295 on Inquiry Cord 

SERVO AMPLIFIER 

Model 140 drives 6w servo motors from 
low level 400cPs signals. 

The unit uses silicon transistors and 
will operate at amb. temp. of —55° to 
125°C. The gain of the amplifier is 1000. 
For high performance servo loops in 
computers and instrument systems. Intern-
al signal limiting prevents overdrive or 
phase shift for large input signals. Input 
impedance is 50K. Plug-in construction 
with captive hold down screws. Operates 
on standard 28vdc power and will with-
stand Mil-E-5272 environmentals. Size 
is 17/16 x 17/3 x 2 1/16 in. Control Tech-
nology Co., Inc., 41-16 29th St., Long 
Island City 1, N.Y. 

Circle 296 on Inquiry Card 
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Series 220000 miniature readout can be installed individually or in a 230000 assembly. 

I EE MINIATURE READOUT 

Series 220000 Specifications— Single Unit 

CHARACTER SIZE 
1/4 " to 3/." maximum 

INPUT 
Straight decimal system 

VIEWING ANGLE 
160° both vertical and horizontal, standard screen 
175° bcth vertical and horizontal. V-1 screen 

SINGLE UNIT SIZE 
1'4" W x H x 4V," D 

Also available for sub-panel mounting with common 
screen. Single unit prices start at $47.50 in 1-9 quan-
tities. 

New IEE Series 230000 front plug- n -eadout assemblies permit 

quick, easy lamp replacement, allow permanent wiring, and elim , 

inate the need for flexible cabling. 

Available in bcth single units and assemblies, these rear projection 

readouts give you 12 displays (one for each lamp) that can corsist 

of words, numbers, colors, or symbols either singly or in comUnation. 

Only IEE One-Plane Readouts Give You So Much e 
START 
COUNT 
NOW! 

Polarity can be ob-
tained by using one 
lamp each for plus 
and minus, and the 
remaining 10 lamps 
for O through 9 nu-
merals. 

4 

Up to 12 single or 
multiple-word mes-
sages can be ob-
tained by using one 
lamp for each mes-
sage. 

3 
TRACK 

+8 

Mode designations 
can be added by 
using one of the 
12 lamps for each 
moce number and 
i,ne lamp for each 
message. 

Color emphasis can 
be added to indi-
cate condition by 
using ore of the 
12 lamps for each 
color and one lamp 
for each riessage. 

Now you can design your own readout message d splay. Write on your 
company letterhead for FREE Readout- Message Desqgner's Kit. 

LEINDUSTRIAL 
ELECTRONIC 
ENGINEERS, INC. 

5528 Vineland Avenue • North Hollywood, Calif. • Phone: TR 7-1144 
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Pi NEW 
BARNSTEAD 

SUPRCARTRIDGES® 

FLOW RATES 
TO 3000 GPH 

FOR LARGE 
PRODUCTION 

RUNS 

LOW CAPITAL 

EQUIPMENT 

COST 

Developed by Barnstead engineers, 
these NEW reinforced, light-weight, 
plastic cartridges were developed for 
users of demineralized water requir-
ing high flow rates, minimum floor 
space, ability to withstand hard use, 
low first cost, and the convenience of 
cartridge operation. 

Typical installations and applications 
include: repurification of high purity 
washing and rinsing systems for indus-
trial and electronic production, sup-
plying pure water for jet turbines in 
airborne or ground support equipment, 
in cooling loops of high frequency 
transmitting tubes, and in nuclear op-
erations where Supercartridge com-
pact design lends itself to remote 
operation and easy disposal of radio-
active wastes. 

A SIZE FOR EVERY JOB: Size 10 
— Flow rates up to 1500 gph; resin 
capacity 1.5 cu. ft. Size 30 — with 
1500 flow rate; resin capacity 3 Cu. ft. 
Size 45 — with flow rate of 3000 gph; 
resin capacity 4.5 cu. ft. Size 90 — 
3000 gph; resin capacity 9 cu. ft. Sizes 
45 and 90 may be handled by remote 
control — an important factor for 
nuclear energy applications. 

FIVE TYPES FOR EACH SIZE 

• Standard Cartridge, Four-Bed layer 
type. Removal capacity 19,000 grains 
CaCo2 to 50,000 ohm endpoint. 

• Mixed-Bed Cartridge for high puri-
ty. Capacity 7500 to 10,000 grains 
as CaCo3 to one million ohms end-
point. 

• Organic Removal Cartridge contains 
synthetic adsorbents designed to re-
move organic matter from pure 
water. 

• Oxygen Removal Cartridge removes 
141 grams of oxygen which is equiv-
alent to 2160 grains or about 100 
liters at STP. 

• Cation Cartridge is charged with 
cation resins only. Cation exchange 
capacity is 35,000 grains as CaCo3. 

NEW BARNSTEAD REGENERATOR FOR 
CUSTOMERS WISHING TO DO IN-
PLANT REGENERATION OF CARTRIDGES. 

Write: New Bulletin #179 

Marristead 
STILL AND STERILIZER CO. 

51 Lanesville Terrace, Boston 31, Mass. 
Circle 92 on Inquiry Card 

e"--• 

11 ure 
SOLID STATE SWITCH 

The MINIS TAT features low offset, 
high speed and low cast. 

Can be driven from a square wave 
from 0 to 50xc and typically requires 6 
to 12v at 3 to 8ma to operate. Switching 
properties are such that 0 to --L-12v signals 

may be switched at currents up to 10ma. 
Nominal forward resistance ( either po-

larity) is 30; a max. offset voltage of 
not greater than -I:501.w from — 25° to 
+70°C is guaranteed. Measures 1.0 x 
0.8 x 0.625 in. The Ministat solid state 
unit is also available in a DPDT or 
S PDT configuration, and as SPDT 
switch with integral driver. Western 
Electrosystems, 1041 E. 7th St., Long 
Beach, Calif. 

Circle 297 on Inquiry Card 

VOLT-OHMMETER 

Series 5100 is a 4-digit solid state digital 
unit. 

It has 0.01% ± 1 digit absolute dc 

accuracy; 6 months stability, 200 read-
ings/sec. average; with 4 ranges of 1, 
10, 100, and 1000vdc; full time input im-
pedance to 1000megs; plus 1K, 10K, 
100K and 1meg ranges selected by front 
panel switch. Ohms accuracy is -±-0.05% 
of full scale. Power source: 115/230v, 
50-60cPs with 400cPs optional. Size: 514 
x 19 in. RETMA front panel by 16 in. 
deep. Size in case: 19V4 x 6,4 x 172 in. 
Weight: 45 lbs. in case, 30 lbs. for rack 
mounting. Electronic Associates, Inc., 
Long Branch, N. J. 

Circle 298 on Inqt.iry Card 

NEW 
LOW 

PRICED 
BEATTIE-COLEMAN 
OSCILLOTRON 

POLAROIDR 
PRINTS IN 
10 SECONDS 
It's new! It's efficient! It's versa-
tile! It's the Beattie-Coleman K5 
Oscillotron 'Scope Camera. 
• Direct \ -kw while recording. 
• Single traces at 1:0.9 ratio or 

13 traces at 1:0.7 on one frame 
of Polaroid Land film. 

• Choice of Polaroid roll film 
back or 4x5 back for Polaroid 
or regular cut film holders. 

• Uses Polaroid Land 10,000 
speed film. 

• f(1.9 Oscillo-Raptar lens. 

$395 complete 
ACCESSORIES: 

• Electric shutter actuator. 
• Data recording chamber. 

Circle number on card for info. 
on full Oscillotron line. 

"Polaroid"8 by Polaroid Corp. 

BEATTIE-
COLEMAN, 
INC. 

1000 N. Olive St., Anaheim, Calif. • PR 4-4503 

Circle 93 on Inquiry Card 

ELECTRONIC INDUSTRIES • January 1963 178 



Br% 

TOUCH CONTROL SWITCH 

Designed around 4-layer device, operates 
from body capacity. 

Operates by merely touching an antenna 
input wire, to turn on, and touching an-
other, to turn off. Circuitry is designed 
around the Dynaquad—a plum semicon-
ductor which can be turned on by apply-
ing a small negative pulse to the base. 
For capacitance triggering in counting, 
sorting and switching. Works direct-
ly from 105-25vac, with a load up to 
100w. Measures 3 x x 1V4 in. Six 
leads are brought out from the package: 
2 for power; 2 for load; and 2 antennas 
for activation. Tung-Sol Electric Inc., 
One Summer Ave.. Newark 4, N. J. 

Circle 243 on Inquiry Card 

RACK AND PANEL CONNECTOR 

Designed for use with Mil-C 26636 type 
contacts. 

Designated the 500L series, they are 
available in 6 insert arrangements and 
3 shell sizes. Features of the 500L line 
are insertable crimp-style contacts, high-
strength die-cast aluminum shells, glass-
filled diallyl phthalate insulator blocks 
and replaceable contact retainers. Inter-
facial grommets are of silicon rubber. No. 
16, 20, and coax contacts may be inter-
mixed in the same configuration. Con-
nectors are available with 2, 3, 4, and 5 
No. 16 contacts; 13, 17, 25, 43 and 59 
No. 20 contacts, and 2 and 5 coax con-
tacts. The Deutsch Co., Electronic Com-
ponents Div., Banning, Calif. 

Circle 244 on Inquiry Card 
60 STEWART AVE., BROOKLYN 37, N.Y. • Area Code 212, HYacinth 7-7600 

Circle 94 on Inquiry Card 

U..q?®ni 

SUB- MINIATURE 

Iluminated 
PUSHBUTTON 

SW ITCHES 
a nd matc hi ng 

INDICATOR LIGHTS 

Switch No. 185-A015-1871 (NA.) 
No. 185-13015-1871 (NA.) 

Indicator Light 
No. 183-9830-371 

(Units shown actual size) 

Switch No. 183-A015-371 (NA.) 
No. 183-8015-371 (N.C.) 

Indicator Light 
No. 185-9830-1871 

ON 

Designed for a wide 
range of control 
and readout 
applications 
Now, a single source for Switches 
and Indicator Lights. Assures uni-
formity, high reliability, and econ-
omy. These compact units also save 
panel space, since they are designed 
for single hole (keyed) mounting in 
panels up to 3/16" thick. 

The Switches are of the silent, mo-
mentary type, requiring light pres-
sure for smooth, positive action. 
Contact arrangement is S.P.S.T., 
normally open or normally closed. 
Ratings: 3 amps, 125 V A-C; and 3 
amps, 30 V D-C (non-inductive). The 
switch mechanism is completely en-
closed and independent of the lamp 
circuit. The light source is the T-1 3/4 
incandescent lamp, available in 
voltages from 1.3 to 28 V. 

Interchangeable caps, square or 
round, come in 8 transparent and 
translucent color combinations. 

Readout: Caps may be hot-stamped or engraved with legends. 
Caps are rotatable for easy alignment of legends, and edges of 
square caps, after installation of the units. 

Applications include: in computers, data processing, communi-
cation, and remote control equipment; in automation, etc. For 
complete data, request our 8-page, full-color Catalog L-169... 
If you have special requirements, our Engineering Department 
will gladly assist you with your problem. 
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A choice of 
performance, reliability 
and price 
Westinghouse offers three families of silicon rectifi-
ers designed to satisfy a wide range of current re-
quirements. With this freedom of choice, you'll never 
"overbuy." You can get the reliability and perform-
ance you need, at the price you want. Important, 
too, these rectifiers are available locally for immedi-
ate off-the-shelf delivery. 

OEM line 
Low-cost line offers top performance for commer-
cial equipment where pennies count. Current ratings 
of 5, 10 and 15 amperes with voltages to 600 volts 
are available. Units feature hermetic sealed cases, 
hard- soldered junctions and minimum size. 

Industrial line 
Field proven, dependable rectifiers for industry. 
They have a reliability unmatched by anyone. Exclu-
sive power testing assures top performance. Ratings 
from . 25 amp (1N536 series) to 240 amp (1N3161 
series). Voltages to 1000 volts in most ratings. 

Military rectifiers 
Military rectifiers are available for those applica-
tions where strict conformance to military specifica-
tions is required. Ratings include the 12 amp USAF 
1N1200- 1N1206 (MIL- E-1/1108), the 20 amp USA 
1N249B-1N25013-1N2135A ( MIL-S-19500/134), the 
35 amp USAF 1N 1184-1N 1188 ( MI L-E-1/1135)and the 
120 amp USA 1N3263-1N3267 (MIL-S-19500/212). 

The line grows longer 
New rectifiers for an even wider selection ! Molded, 
modular high-voltage assemblies in half wave, dou-
bler, bridge and special configurations ... 6 and 12 
amp avalanche type rectifiers with forward and re-
verse polarities ... 6 and 12 amp rectifiers through 
1000 volts ( 1200 V transient) in forward and re-
verse polarities ... 160 amp rectifiers with continu-
ous PRV ratings through 1600 volts. 

Free rectifier selector 
Use it to select the one rectifier that's just right for 
you ... from the many rectifiers in the Westinghouse 
line. The front of this 6" rule is scaled in inches and 
centimeters. The other side has a handy rectifier se-

lection guide. Send for it now. Write: Westinghouse 
Semiconductor Division, Youngwood, Penna. 

You can be sure... if it's SC- 1086 

Westinghouse 
Circle 95 on Inquiry Card 
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MAGNETIC RECORDER 

This 25 ib. unit is self-poz,ered for direct 
or FM data recording. 

It is a 4-track portable magnetic instru-
mentation recorder. Capable of contin-
uous 4-hour operation by means of a re-

chargeable self-contained battery, the 
Model 411 uses either direct- or FM-re-
cording techniques ( optional at purchase). 
It measures 13X x 15 x 16 in. Tape 
speeds of 7%2, 3e1, and 17Á ips permit 
simultaneous recording / reproduction of 

direct data signals up to 20,000cPs or FM 
data signals up to 2,000cPs. Flutter is less 
than 0.18% RMS and signal-to-noise ratio 

is 46db at 1 xc and 7%2 ips. Lockheed 
Electronic Ca., Rte, 1, Metuchen, N. J. 

Circle 259 on Inquiry Cord 

PROTECTIVE COMPOUND 

For use in a !intern! purpose pn,tecii;e 

coating. 

I dielectric compound, SS-

4067, provides a non-corrosive, chemically 
inert, water repellent protective coating 
which is not subject to oxidation or evap-
oration. Characterized by low bleed, it is 
useful over a temp. range of —40° to 
400°F. Easily applied and self-adhering 
it is a combination of silicone dielectric 
fluids and inert silica filler. For use as a 

water repellent seal and electrical insula-
tor for terminals, connectors, and process 
control or electronic assemblies. General 

Electric Co., Silicone Products Dept., 

Waterford, N. Y. 
Circle 260 on Inquiry Cord 

1963 

Sub- miniature test and 
sensing components for 
front panel servicing ... 

These tiny " tell-tales" make servicing and 
troubleshooting simple. Use them to moni-
tor electrical and mechanical functions - 
tell operator when malfunction occurs - 
help spot source of trouble - simplify 
checking - protect costly components. 

THE ALDEN PAN-i- LITE 

Easy snap- in mounting. 1 
piece bulb- lens installed 
replaced from front of panel. 
180. visibility. Non-refract-
ing. Variety of colors & 
voltages: 6V, 12V, 28V in-
candescent; 110-220V neon. 

THE ALDEN 
PAN-i-LITE SWITCH 

Tiny push-button, snap- in 
indicator gives positive indi-
cation — 180° visibilty. Use 
as press-to-test indicator or 
remote control switch. In 6, 
12, 28V incandescent blue, 
red, green, white, yellow. 

ALDEN STAK-IN 
TEST JACKS 

Exclusive molded- in eyelet 
permits fast, low-cost ma-
chine assembly, No nuts, 
washers, sleeves. Won't 
vibrate loose, turn, or fall 
out. Rugged Nylon insula-
tion. Reliable 360° Beryl-
lium contact. 

ALDEN STACKING 
AND PATCH CORDS 

Miniature stack and patch 
cords for positive inter-con-
nections. Reliable integrally 
molded units take any stand-
ard. 080" test prod. Resili-
ent contact. Lead length to 
your specs. 

ALDEN FUSE-LITES 
A compact, panel-mounting, 
indicating fuseholder. Light 
glows when fuse blows. Uses 
sta-tdard 1/4" x 11/4" fuse. 
For 6, 12, 28, 110, and 220 
volts, 15 amps to 110 volts, 
7.5 amps at 220 volts. 

Write for Vest Pocket 
Guide and Samples: 

DEN  
PRODUCTS COMPANY 

12123 N. Main St.. Brockton. Mass, 

Circle 96 on Inquiry Card 
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CASCADED TRANSFORMER 
Used in balanced modulators, demodula-
tors, and phase inverters. 

The 2 element cascade S-005-119 trans-
former shown before encapsulation. The 
element on the right provides impedance 
transformation and a balanced output 
from an unbalanced drive. The element 
on the left is a "trillar" providing a 
"push-pull" balanced output. Cascaded 
elements permit specialized windings ca-
pable of providing precise balance. The 
S-005-119 is intended for 20 to 500Kc 
local oscillator injection. Spectran Elec-
tronics Corp., 146 Main St., Maynard, 
Mass. 

Circle 261 on Inquiry Cord 

PRESSURE SWITCH 
Accuracy of ±0.70% under all environ-
mental conditions. 

This solid-state electronic pressure 
switch, Type P36-1103 offers built-in 
calibration check points and has a switch-
ing capacity of up to la. Pressure sensing 
is done through a differential pressure 
transducer which is compatible with liq-
uid oxygen at both high and low pressure 
ports. Several pressure ranges are avail-
able, from 15 to 500psid. Gage or abso-
lute models and other pressure ranges 
can also be provided. Wiancko Engineer-
ing, 255 N. Halstead Ave., Pasadena, 
Calif. 

Circle 262 on Inquiry Cord 

POTENTIOMETER 
Available in 2 in., 1% in., 1 in., 7/8 in., 
sizes, single or ganged. 

Drum potentiometers, rotary switches, 
and slide-wires are also available. Resis-
tance values in to 1 meg and special 
values, ±-5PPM resistance elements, an-
odized aluminum housings. Noise resis-
tance 14012 max., dielectric strength 
1000vdc; contacts are precious metals. 
Switch sections, and taps are also avail-
able. Resistance tolerance -±-5% or closer. 
Independent linearity ±-5% or closer. 
Starting torque on ball bearing models 
0.6 oz. in. max. Voltronics, Inc.. 7746 W. 
Addison St.. Chicago 34, Ill. 

Circle 263 on Inquiry Cord 

Taylor works magic 
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OSCILLATOR SYNCHRONIZER 

Stabilizes vHF/microwave signals to 1 
part in IC. 

The DY-2650A Oscillator Synchronizer 
gives extremely stable signals, as required 
in such areas as doppler systems, micro-
wave frequency standards labs and para-
metric amplifier pump applications. The 
DY-2650A phase locks a reflex klystron 
oscillator (1 to 24Gc), with almost com-
plete elimination of drift, to an internal 
crystal reference to achieve stability of 1 
part in 108/sec., 1 part in 10"/week. Tem-
perature stability is 1 part in 10" from 

0-50°C. Dymec Div., Hewlett-Packard 
Co., Palo Alto, Calif. 

Circle 264 on Inquiry Card 

PMU 
SOLID STATE RELAYS 
Telegraph units can handle speeds to 2400 

bauds. 

Model 9210, for neutral, and Model 
9211, for polar installation, feature less 
than 3% distortion at max. speed and 
less than 1% at normal telegraph speeds. 
Both units have a max. output of 7Orna. 
The neutral model works from an input 
of 15ma min. and 70ma max. Both units 
have a resistance in the "ON" position 
of less than 700. Leakage in the "OFF" 
position is less than 10p.a with 260v across 
the open contact. No external power 
source is required. Radiation Inc., Mel-
bourne, Fla. 

Circle 265 on Inquiry Card 

HARNESS CLAMPS 

High Strength Titanium clamps for air-
craft and missile uses. 

These tube and wire clamps offer a sub-
stantial weight saving over stainless steel, 
while maintaining high tensile strength 
in a greater temp. range. Titanium, light-
er than steel, offers tensile strength up to 
80,000 psi. It is considered non-magnetic 
and has a high electrical resistivity. The 
clamps are particularly suited for use in 
"hot spots." They are available with in-

sulating cushions of neoprene, teflon, fi-
berglass, and many other materials. TA 
Mfg. Corp., 4607 Alger St., Los Angeles 
39, Calif. 

Circle 266 on Inquiry Card 

with glass-base laminates 
Which grade has the unusual combination of properties you need? 

Almost magical combinations of 
resin formulations and glass rein-
forcements have enabled Taylor 
to develop a number of glass-
base laminates that have out-
standing characteristics for elec-
trical and mechanical applica-
tions. For example, the glass sili-
cone grades offer very high heat 

resistance combined with excellent mechanical and elec-
trical properties plus the highest arc resistance. If you 
require extremely high strength, excellent chemical re-
sistance, low moisture absorption and high strength re-
tention at elevated temperatures select one of the glass 
epoxy grades. These grades are ideally suited for high 
reliability printed circuitry. Other grades have equally 
important characteristics. 

Write to us for complete technical data. 

TAYLOR GLASS-BASE LAMINATES 

Taylor NEMA 
Grade Grade 

Military 
Specification 

Resin 
Used 

Principal 
Characteristics 

GSC G-7 MIL- P-997 
Type GSG 

High heat resistance. Excellent 
Silicone electrical proper:ies, highest arc 

resistance. Wil not support 
combustion. 

G-10 
FIREBAN G-11 

1011 FR-4 
FR-5 

MIL- P-18177 
Types GEE 
and GEB 

Combines all desirable proper-
Epoxy ties of G-10 (GEE) and G-11 

(GEB), plus flame retardance in 
one grade. 

GEC-500 G-10 MIL- P-18177 
Type GEE 

Extremely high flexural, impact 
Epoxy and bond strength. Low mois-

ture absorption. High insulation 
resistance. 

FIREBAN 
600 FR-4 

MIL- P-18177 
Type GEE 

Self extinguishing. Excellent 
electrical properties under high 

Epoxy humidity conditions. Extremely 
high flexural, impact and bond 
strength. 

GEC- 111 G- I1 MIL- P-18177 
Type GEB 

High mechanical strength reten-
Epoxy tion at elevated temperatures. 

Will not support combustion. 

High mechanical strength. Ex-
G-5 G-5 MIL- P-15037 Melamine cellent arc resi..tance and elec-

- eflor corporal/on  Type GMG trical properties. Will not support combustion. 

ENGINEERED PLASTICS 

Valley Forge 53, Pa. • West Coast Plant: La Verne, Calif. 
(Formerly Taylor Fibre Co.) 

G-3 G-3 
Good mechanical strength. Good 

None Phenolic heat resistance 

NOTE Taylor Glass-E.Doxy, Copper- Clad Grades are available 
to meet MIL- F- 13949B, Types GE, GB and GP. 
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In CAPACITANCE MEASUREMENTS 
Bridges from Boonton Electronics give you: 

• Semiconductor junction measurements 
• Useable test signal levels down to 1 mv 
• DC bias provisions up to 400 I/ 
• Two terminal and three terminal measurements 
• Test frequencies to 50 negacycles 
• Self contained oscillator and detector units 
• Capacitance accuracy to 0.25% 
• Capacitance readings 20 ;of to 11,000 pf 
• Conductance readings 0.001 to 6000 µmhos 

See condeised specifications chart below. For complete data 
write Boonton Electronics Corporation or use this publication's 
inquiry card. 

MODEL 
TEST 

FREQUENCY 
CAPACITANCE 

RANGE 
CONDUCTANCE 

RANGE 
BASIC 

ACCURACY 
DC BIAS 

CAPABILITY 
PRICE 

75A-S8 1 MC 200 , pf 
to 
1000 pf 

0.01 
to 
1000 enhos 

Capacitance 0.25% 
Conductance 10% 
i . range factors) 

Internal 
Sato - 125 y 

Werrai 
up to 400 v 

$1200. 

75B-S8 1 MC 20 Alf 
to 
1000 pf 

0.01 
to 
1000 ambos 

Capacitance 0.25% 
Conductance 10% 
I • range factors) 

Internal 
5 v to ; 125 y 

External 
up to 400 y 

$1450. 

75C 5 KC-500 KC 
(Variable) 

200 , pf 
to 
1000 pf 

0.001 
to 
1000 , mhos 

Capacitance 0.25% 
Conductance 10% 
(. range factors) 

Internal Only 
5 v to i-125 ir $1900. 

74C-S8 100 KC 200 ,4 Lpf 
to 
11,000 pf 

0.001 
to 
1000 “.rnhos 

Capacitance 0.25% 
Conductance 109X, 
(, range factors) 

Internal only 
5 y to -025 y $1125. 

33A 1-50 MC 
(7 steps) 

0.05 pf 
to 
150 pf 

0.5-6000,imhos Capacitance 1% 
Conductance 2% 
( -- range factors) 

Internal 
5 to 100 v 

External 
250 v 

$2000. 

12 other models mailable including those withoul DC bias 

BOONTON 
ELECTRONICS 

1 VOLTMETERS • MICROWATT METERS 
DC METERS • CAPACITANCE BRIDGES 

INDUCTANCE BRIDGES • DC NULL DE-

TECTORS • ADMITTANCE BRIDGES 

CD R P 0 ...n., -FI 0 NJ MORRIS PLAINS. N.J. 

MEW Prff UM 

CRYSTAL SWITCH 

A broadband r-f modulator covering from 
400 to 4000mc. 

The N6001 Crystal Switch consists of 
2 diodes in series with the center con-
ductor of a 5012 coaxial line. Helical coils 
are incorporated for 40ma forward and 
30v reverse dc biasing. Insertion loss is 
2db max. and isolation is 32db min. The 
max. r-f power handling capabilities, de-
pending on biasing conditions, are 2w 
average, and pulse 5 to 15w. Max. switch-
ing time is 0.16µsec. Max. rise and fall 
time is 20Onsec. Insertion length is 4% 
in., approximately 1 in. wide, and 2 in. 
high. PRD Electronics, Inc., 202 Tillary 
St., Brooklyn 1, N. Y. 

Circle 299 on Inquiry Card 

SWEEP GENERATOR 
Type 1025-A covers from 700xc to 230mc 
in 10 ranges. 

It also has bandspread ranges for 400 
to 500Kc and 10.4 to 11 mc. The selected 
freq. range is swept from low- to high-
freq. end in 22.2 msec., 20 times/sec. 
Output is blanked during return sweep. 
A synchronized sawtooth sweep voltage 
for display oscilloscope deflection is ad-
justable to 100v peak-to-peak. Starting 
point of display sweep is adjustable. An 
adjustable trangular marker gives freq. 
calibration of the display and amplitude 
calibration from 30mv to 100v. General 
Radio Co., West Concord, Mass. 

Circle 300 on Inquiry Card 
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Why you should buy the expensive power supply 

Because Alfred supplies have full floating output with 7.5 kv insulation to ground. They can be operated with either 

positive or negative grounding or full floating. Actually, you save money because you get a double duty power supply. 

Because Alfred supplies have adjustable overcurrent trip-out and current range switching to protect costly devices 

under test from damage by excessive current. Trip-out current can be set as low as 0.3 ma on 50 ma supplies, 0.5 ma 

on 150 ma units. These features allow a high current supply to be safely used in low current applications. Because 

Alfred supplies offer millisecond turn-off for quick protection of a load. A shorting relay rapidly reduces output voltage 

to zero, for power removal simultaneous with other supplies. Because Alfred supplies, all of them, go to 0 volts, while 

competing units start at 50 to 500 volts. You get two-supply capability at one unit price. The wide voltage and current 

ranges offered by Alfred supplies (see specs below) permit operation of specialized tubes such as photomultipliers, 

klystrons, TWT's and BWO's. Because Alfred's carefully designed supplies have minimum downtime. Derated com-

ponents are essential to satisfy low ripple and tight regulation specs during floating operation. Trouble-free operation 

alone will return the difference in price. Because Alfred supplies include provisions for system operation. Connections 

are provided for remote master control and metering. Supplies may be interconnected so that overcurrent relay 

trip-out in any one unit automatically turns off high voltage in all other supplies. Because Alfred uses rugged and 

reliable taut band meters for monitoring voltage and current, elimination of meter bearing friction assures accuracy 

with long term repeatability. Because Alfred publishes complete specifications on all instruments and guarantees 

them as stated. For full information on power supplies and associated equipment such as filament supplies, mod-

ulators and system control panels, please contact your Alfred engineering representative or write us directly. 

SPECIFICATIONS 

Model 
Number 

Voltage 
dc 

Current 
ma 

Pk-to-Pk 
Ripple 

Regulation 
Price 

Line 
Load 

262 0 to 500 0 to 100 5 mv .01% .02% $ 850 

265 0 to 1500 0 to 150 10 mv .01% .02% 990 

267 0 to 3500 0 to 50 15 mv .005% .006% 1090 

270 0 to 5000 0 to 50 20 mv .002% .006% 1250 

271 0 to 5000 0 to 150 30 mv .002% .006% 1450 

MUD fLECTRODICS 
3176 Porter Drive 

Palo Alto, California 

Phone: (415) 326-6796 

15 
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Here are same of the newest additions to the long line of microwave equipment from PRD. 

Reading counter-clockwise below are these new precision components: 

(1) the PRD A6611 Varactor Harmonic Generator, one of a series of five which cover the frequency 

range of 4 to 40 kmc; (2) one of the PRD Series 1212 Coaxial Ferrite Isolators; 

(3) the PRD X4001, from a new series of Waveguide Switches; (4) the PRD X1410 High Power 

Load, one of the waveguide series for S through X band; (5) the PRD S1110, from our new 

Series of Variable Coaxial Attenuators (UHF and L band also available). And the technical 

article by Pat Tucciarone of PRD, "Making Microwave Measurements"? 

It's available now as a 12-page reprint ... send for your free copy! 

PRD ELECTRONICS, INC. 
202 Tillery St., Brooklyn 1, N.Y., ULster 2-6800 • A Subsidiary of Harris-Intertype Corporation 

STILL MORE NEW COMPONENTS FROM PRD! 

PRD Electronics , Inc 
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FREE! Use These Cards for: 
• Catalogs. Bulletins, Lite'ature • Design features of advertised products 

▪ Information about new Products • New Tech Data for Engineers 

YOUR NAME   TITLE   
Mail Stop or 

FIRM   Div./Dept. 

FIRM ADDRESS 

CITY OR TOWN 

........................... • 

ZONE . STATE 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 
1C1 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 
121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 
141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 
1E1 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 
1E1 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 
2C1 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 
221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 
241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 
2E1 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 
281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 
3C1 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 
321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 
341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 
3E1 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 
3E1 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 

Postcard valid 8 weeks only. After that use own letterhead describing item wanted. 

Please send me further information on the items I have circled above. 

BUSINESS REPLY MAIL 

No Postage Stamp Necessary If Mailed in U. S. A. 

POSTAGE WILL BE PAID BY 

rr [U 1' :2) 0 E1C 
The Computer Center 

P. 0. Box 1970 

Camden 1, New Jersey 

1.-0-Jo-mu 

EI-09 JANUARY, 1963 

FIRST CLASS 

PERMIT NO. 2333 

CAMDEN, N. J. 

11.1 



FREE! Use These Cards for: 
• Catalogs, Bulletins, Literature • Design features of advertised products 
• Information about new Products • New Tech Data for Engineers 

FIRST CLASS 

PERMIT NO. 2333 

CAMDEN, N. J. 

BUSINESS REPLY MAIL 

No Postage Stamp Necessary If Mailed in U. S. A. 

POSTAGE WILL BE PAID BY 

IELIC'HIge U2'M 
The Computer Center 

P. 0. Box 1970 

Camden 1, New Jersey 

YOUR NAME  TITLE   
Mail Stop or 

FIRM  Div./Dept.   

FIRM ADDRESS   

CITY OR TOWN   ZONE  STATE   

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 
121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 
141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 
161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 
181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 
201 202 203 204 205 206 207 208 209 210 221 212 213 214 215 216 217 218 219 220 
221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 
241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 
261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 
281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 
301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 
321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 
341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 
361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 
381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 

Postcard valid 8 weeks only. After that use own letterhead describing item wanted. 
Please send me further information on the items I have circled above. EI-09 JANUARY, 1963 



NEW Subscription Order 
I wish a new complimentary Subscription to 

iD 
Company Name 

Name 

Company Address 

r- sn 

E1C ue-mme 
Mail Stop 

or 
  Div./Dept. 

Position/Title 

City. _ Zone State 

IMPORTANT 
FOR OUR STATISTICAL RECORDS PLEASE CHECK THE ONE APPROPRIATE CATEGORY THAT 
BEST DESCRIBES YOUR COMPANY OR DEPARTMENT. Failure to do so will delay your subscription. 

Li
 L
i 
U
 1.

! 
Ll

 
L_
IL
, 
L1
[1
11
 L
I Mfr. of non-military electronic receiving and transmitting equipment. 

Mfr. of non-military electronic instruments, measuring, control and test equipment. 

Mfr. of non-military electronic computers, data processing, analysers. business machine 

Mfr. of Guided Missiles and Accessories: Aircraft and Accessories. All Type of Military Products and Equipment. 

Mfr. of electronic components, parts, tubes and like products. 

Mfg. Co. ( non electronic) using any of the above equip. in mfr., research or development work 

Broadcasting or telecasting station. 
Commercial commurication user (Tel & Tel, Police, Airports, Recording Studio. Etc.). 

Independent research, test, design laboratories and independent consultants— not part of a mfg Co 

Gov't Bureaus, Gov't laboratories, Gov't research center, military installation. 

Wholesaler. mfg. representative, service firm. 

University (educational) Public Library. 

Other ( Please explain) .................................................................. 

.. 

CHANGE OF ADDRESS 
I wish to continue receiving MMET.MC EgriUMEe 
Change my address as indicated. 

OLD 

Paste wrapper imprint here, or . . 

Write in complete old address 

Company 
Mail Stop or 
Div./Dept. 

Title/Position 

NEW 

Company Address 

City Zone State 

Signature   

IMPORTANT 
FOR OUR STATISTICAL RECORDS PLEASE CHECK THE ONE APPROPRIATE CATEGORY THAT 
BEST DESCRIBES YOUR COMPANY OR DEPARTMENT. Failure to do so will delay your address 

change. 

i
i
L
]
U
L
J
I
,
L
I
L
I
L
1
1
1
1
1
L
1
H
L
I
 

Mfr. of non-military e:ectronic receiving and transmitting equipmei,1 
Mfr. of non-military electronic instruments, measuring, control and test equipment. 

Mfr. of non-military electronic computers, data processing, analysers, business machine. 
Mfr. of Guided Missiles and Accessories: Aircraft and Accessories, All Type of Military Products and Equipment 

Mfr. of electronic components, parts, tubes and like products. 

Mfg. Co. ( non electronic) using any of the above equip. in mfr., research or development work. 

Broadcasting or telecasting station 

Commercial communication user (Tel & Tel, Police, Airports, Recording Studio. Etc.) 

Independent research, test, design laboratories and independent consultants— not part of a mfg Co 

Gov't Bureaus, Gov't laboratories, Gov't research center, military installation. 

Wholesaler. mfg. representative, service firm. 

University (educational) Public Library 

Other ( Please explain) 



FIRST CLASS 

PERMIT NO. 36 

PHILA., PA. 

BUSINESS REPLY MAIL 

No Postage Stamp Necessary If Mailed in U. S. A. 

POSTAGE WILL BE PAID BY 

UrTiEU0 
Chilton Company 

Chestnut & 56th Sts. 

Philadelphia 39, Pa. 

Att: Circulation Dept. 

FIRST CLASS 

PERMIT NO. 36 

PHILA., PA. 

BUSINESS REPLY MAIL 
No Postage Stamp Necessary If Mailed in U. S. A. 

POSTAGE WILL BE PAID BY 

le-117)..11C 
Chilton Company 

Chestnut & 56th Sts. 

Philadelphia 39, Pa. 

Att: Circulation Dept. 

o 



for 

TO's 5, 9,11, 12, 16, 18, 

25, 28, 29, 31, 39 and 46 

paynier e 

TRANSISTOR 
SOCKETS 

One piece contacts — extend all the way 

through socket. Molded thermosetting plastic 

per MIL-M-14. Terminal numbers are molded 

into bottom of socket — top face keyed for 

alignment with transistors. 

L. 

No. 22-11 

screw mount style for 

3/4 " hole. 4 terminals 

standard. 3 terminals on 

special order. 

57 MTG 

CENTERS 

.20 DIA. 
CIRCLE OF CENTERS 

35 
r7:116.1 .12 

.j8 
.44 

9 1 
No. 22-16 

Solder direct to printed 
circuit, or fits "D" hole. 
3 or 4 terminals. Also 
available in colors. 

No. 22-101 

.20 DIA. 

L.32]  
DIA 

.40 DIA. 

•"0 
.28 

CIRCLE OF CENTERS 

allows transistor leads to extend 
all the way through socket. 

Write for 
complete specificaticns. 

Your current 
Grayhill Engineering Catalog 

will be sent on request. 

"PIONEERS 

06 

22 

NO. 22-101 for 

TO's 18, 28 and 46 

Switch 
to 

MOM. 

fi N. Gineer" 
Area Code 312. Phone 354-1040 

543 Hillgrove A  
La Grange, Illinois 

te. 5 
N MINIA TURIZATION'' 

Circle ICI on Inquiry Card 
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DETAILED COMPONENTS CATALOG AVAILABLE 

—Write today on company letterhead! 

Printed Circuit Connectors 
with operating voltages to 

1500 V RMS...up to 5 amps 
current carrying capacity! 

Ideally suited for limited space applications! Extremely compact 
— highly resistant to extremes of shock, vibration, temperature 
and moisture. Body, tough low-loss polyamide per MIL-P-17091 

(Du Pont Zytel 101 nylon). Available in 13 colors, including basic 
colors for MS16108C coding applications. Contact resistance: 
less than 2 milliohms. Capacitance between two adjacent jacks: 

less than one mmf. 

Tn. JACKS—Formed silver-plated berylium contact. Horizontal 
Jack accepts .080" dia. tip plug in either end, top or bottom. 
Vertical Jack mounts through single .052' hole requiring mini-

mum mounting area. 

SUB-MINIATURE TIP PLuos—One-piece, nickel-plated, machined 
brass tip. Solder type lead connection. Available in standard 
length or with 4' body for access to "hard to reach" test points. 

STANDARD NYLON CONNECTORS—Complete line of Tip 

Plugs; Standard, Metal-Clad, and Rapid-Mount Tip Jacks; 

Banana Plugs and Jacks; Binding Posts. Tough, low-loss, shock-
proof nylon will not chip or crack. Voltage breakdowns to 12,500 

VDC. Catalog lists available types. 

OTHER CONNECTORS—In addition to nylon types, Johnson 

also manufactures standard connectors. Catalog lists available 
types. 

E. F. JOHNSON COMPANY 
3002 TENTH AVENUE S.W. • WASECA, MINNESOTA 

e 

à 5 EIM 
Nylon Plugs 
and Jacks 

DESIGNED FOR 

PRINTED CIRCUIT USE: 

•CAPACITORS • TUBE SOCKETS • CONNECTORS • PILOT LIGHTS 

•INSULATORS • KNOBS AND DIALS • INDUCTORS • HARDWARE 

Circle 102 on Inquiry Card 
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Ii 

IMMEDIATE 
DELIVERY 
from the 

TRU-OHM 
STOCKING 
DISTRIBUTOR 
in your area 

III 

POWER 
RHEOSTATS 
from 
12'2 
watt 
to 11 300 

watt 

111 

o 

E 
E 

There is a TRU-OHM POWER 
RHEOSTAT for any and every 
application . . . with the cus-
tom variations for your par-
ticular needs. Your Tru-Ohm 
distributor has stock . .. your 
Tru-Ohm representative in 
your area is ready to 
answer your prob-
lems ... your inquiry 
is invited. 

Write for our latest 
complete catalog. 

Div. of Model Engineering & Mfg.,Inc. 

3426 West Diversey Blvd. 
Chicago 47, Illinois 

Factory, Huntington Indiana 
Circle 103 on Inquiry Card 

FIM PM UlL72 

MICROVOLTMETER 

i'orentiometric unit is precise through 
17uv to lkv range. 

te-
our« • 

sue 

Fully-transistorized Model A-61 Po-

tentiometric Microvoltmeter offers full-
scale linear sensitivities from 3µv to lkv 

and allows dc potentiometric measure-

ments frinn 1/2µv to Iv, with infinite re-
sistance at null. Potentiometric mode 

has: 5 decade ranges; 3-digit readout; 
0.5% accuracy ; --L-0.01%/hr. stability : 
and fully floating input with isolate,1 

output. Voltage shifts as small as 0.001' . 

can be measured. With external probe, 

measurements can be made from lv to 

lkv ( at constant input impedance of 

lOmegs. Medistor Instrument Co., 14.1: 

N. Niirthlake Way, Seattle 3, 

Circle 301 on Inquiry Card 

LOW-COST DATALOGGER 

The ;etll antomati,illy 

up lo 20 input channels. 

It feeds the readings through a digital 

voltmeter and provides a punched tape 

record of each 4-digit measurement with 

its channel number. Can easily accom-

modate any 5, 6, 7 or 8 channel tape 
code; coding can be changed by simply 

shifting diodes on a plug-in circuit board 

or by interchanging pre-wired plug-in 

boards; "word" structure ( program) can 
he changed by rearranging jumpers on 

an externally accessible plug-in program 

connector or merely interchanging pre-

wired plug-in connectors. Non-Linear 

Systems, Inc., Del Mar, Calif. 

Circle 302 on Inquiry Card 

' CAPACITORS 

in quantities up :0 

500 Per Item 
Authorized Industrial Distributors 

ARIZONA, Phoenix, Kierulff Electronics, Inc. 
Midland Specialty Co. 
CALIFORNIA, Glendale: R. V. Weatherford Co.. 
Inglewood: Newark Electronics Co. Inc., Lc , 
Angeles: Federated Purchaser, Inc., Hollywood 
Radio & Electronics Inc., Kierulff Electronics, 
Inc., Shelley Radio Co., Inc., Long Beach: Dean's 
Electronics, Mountain View: Kiertriff Electronics. 
Inc., Oakland: Brill Electronics, Palo Alto: R. V. 
Weatherford Co., Zack Electron.cs, Riverside. 
Electronic Supply of Riverside, San Diego: Shanks 
& Wright, San Francisco: Pacific Wholesale Co., 
San Jose: Peninsula Electronic Supply Inc. 
COLORADO, > rise:, Denver Electronic Supply 
Co. 
DISTRICT OF COLUMBIA, Capitol Radio Whole. 
salers, Inc., Electronic Wholesalers, Inc. 
FLORIDA, Melbourne: Electronic Wholesalers 
Inc., Miami: Electronic Wholesalers Inc. 
ILLINOIS, Chicago: Allied Electronics Corp., 
Newark Electronics Corp. 
MARYLAND, Baltimore: D & H D'stributing Co., 
Electronic Enterprises, Inc., Kann-Ellert Elec-
tronics Inc., Wholesale Radio Parts Co., Inc. 
MASSACHUSETTS, Newton: Cramer Electronics, 
Inc. 
NEW JERSEY, Camden: General Radio Supply 
Co., Radio Electric Service Co. of N. J. Inc., 
Mountainside: Federated Purchaser, Inc. 
NEW MEXICO, Alamogordo: Radio Specialties Co., 
Inc., Albuquerque: Electronic Pals Co., Inc. 
NEW YORK, Binghamton: Stack Industrial Elec 
Ponies Inc., Mineola: Arrow Electronics Inc., 
N. Y.0 Electronics Center, Inc., Harvey Radio 
Co., Inc., Lafayette Radio Electroncs Corp., Mile 
Electronics Corp., Terminal-Hudson Electronics 
Co., Inc., Woodside: Boro Electronics, Inc. 
NORTH CAROLINA, Winston-Salem Electronic 
Wholesalers Inc. 
PENNSYLVANIA, Harrisburg: D & H Distributing 
Co., Inc., Philadelphia: Almo Radio Co., Phila. 
Electronics Inc., Radio Electric Service Co. of 
Penna., Inc., Reading: George D. Barbey Co., 
Inc., York: Wholesale Radio Parts Co., Inc. 
TENNESSEE, Nashville: Electra Distributing Co. 
Inc. 
TEXAS, Dallas: All- State Electronics Inc., Engi-
neering Supply Co., El Paso: Midland Specialty 
Co., Houston: Busacker Electronic Equipment 
Co., Inc. 
UTAH, Ogden: Carter Supply Co., Salt Lake City. 
Standard Supply Co. 
WASHINGTON, Seattle: C & G Eectronics Co. 
CANADA, Montreal, Quebec: Atlas Wholesale 
Radio, Inc., Toronto, Ontario: Electro Sonic Sup-
ply Co. Ltd. 

ARCO • 
electronics inc. 
Community Drive, Great Neck, New York 
NEW YORK • DALLAS • LOS ANGELES 
Exclusive Supplier of ELMENCO Capacitors to 
Distributors and Jobbers in U.S.A. and Canada 

Circle 104 on Inquiry Card 
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Write for reliability study 
and technical brochures. 

ANOTHER APPROVAL FOR EL-MENCO... 

EF 

'TELEPHONE LABORATORIE 
BELL S 

463 WES/ SYREET NEW Yon" 

14 N y 

AREA CODE 212 

CI-4 3-1000 

• N SSSSSSS 
•unctiweelo AQUA« 

A  TE NO OF APPRECIATION 
I take pleasure in sending you an 

advance 
coPY e*• 

isted as one 

You will note f Be Labo 

that you are l l'ee'*e'"e4 

of the companies which helped us make 

Telstar a success. r 

In behalf o ll ratories, 

l- like to take this opportunity 
to express again our appreciation fo your 

cooperation in this important endeavor. 
.--" 

s¡ricerelY , 

a 
star 

performer-
TELSTAR, 

we 
mean 

Ohm MICA CAPACITORS 
were selecte d of its competence in its field for the job required." IIII At El-Menco we believe In the words of the Bell Telephone System, El-Menco was chosen -because 

that competence in our work of designing and building the best practical capacitors fo r  will instill your confidence in our product. This philosophy has resulted in our 
Oroducing capacitors which have a high order of quality, reliability, and availability. 
Hence the selection of El-Meneo mica capacitors for many important missile and 
satellite programs. " Still widely discussed is the e-RCA test evaluation of El-Menco 
K; reliability dipped mica capacitors in which enough actual test unit-hours were ac-

ulated at elevated temperature and with 225% of the rated temperature applied to 
fy failure rates on the order of 0.0001% and 0.00004% at a 90% confidence level. 

'The El-Menco high reliability dipped mica capacitors ore being supplied to the Radio 
Corporation of America for o high reliability military ground electronics project. 

TH E ELECTRO MOTIVE MFG. CO 
INILLINIANTIC, CONNECTICUT 
Dipped Mica • Molded Mica • Silvered Mica Films • Mica Trimmer« d Padclert 
Mylar-Paper Dipped • Paper Dipped • Mylar DiPped • Tubular Paper 

es INC. 

ARCO ELECTRONICS, INC., 

Community Drive, 

Great Neck, L. I., New York 

Exclusive Supplier to 
Jobbers and Distributors in the U. S. and Canada 

West Coast Manufacturers Contact: 

COLLINS & HYDE CO., 
535 Middlefield Road, 
Palo Alto, California 

5380 Whittier Boulevard, Los Angeles, California 
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AU GAT 
HEAT DISSIPATORS 

FOR 

SEMICONDUCTORS 

Now... 
an expanded line! 

9016 

Approx. radiating 
surface 

83 sq. in. 

9015 

Approx. radiating 
surface 
1.9 sq. in. 

Augat's extensive line now in-
clades these new heat dissipators. 
The 9016 Series will handle the 
power requirements of the largest 
semiconductors. The 9015 Series, 
designed for the TO-5 and TO-9 
cases, effectively increases the 
surface area by a factor of six. 

The Augat line includes: 

Model for Semi- J Thermal Res 
Number conductor I(Natural Cony.) 

9006 

9008 

9009 

9014 

9015 

9016 

TO-3 

MT-1 and 
Stud Mounts 

TO-36 

TO-8 and 
Stud Mounts 

TO-5 and TO-9 

TO-3, TO-36, MT-I 
and Stud Mounts 

6.5°C/Watt 

5.2 

5.0 

11.0 

40.6 

2.1 

Dissipators are also made to cus-
tomer specifications. Write today 
for Catalog HD 462 describing 
the Augat line in full detail. 

AU GAT INC. 
38 Perry Avenue, Attleboro, Mass. 

Circle 106 on Inquiry Card 

rn 
LINE PRINTER 

Prints 64 characters at 300 lines/minute. 

Also features print ribbon with 3 times 
former life. Other features of the H207 
Medium Speed unit: interchangeable 
print drums for increased speed when a 
large selection of characters is not need-
ed; hammers permanently timed to high 
degree of accuracy; and swing-up drum 
arm. Specs. are: printing speed of 64 
charac. at 300 lines/min., 48 at 383, 16 at 
854, and 10 at 1010; line width 120 
columns; character pitch 10 charac./in.; 
line pitch 6 or 8 lines/in.; and line ad-
vance control optically read from punch-
ed tape, 1 to 8 levels. Holley Computer 
Products Co., Warren, Mich. 

Circle 267 on Inquiry Card 

MILLIWATT AMPLIFIERS 

May be used as a modular sub-assembly 
for power gains of up to 60db. 

„ 

These direct-coupled modules have a 
very low damping factor for use with 
multiple earphone installations ( up to 
100). They are also useful as tandem or 
series-connected low-level drivers. All 
models deliver 100mw at less than 1% 
distortion into a won load. Two standard 
models available: Wide-Range Module 
(WR-100) with freq. response of ±- 1db, 
10cPs to 100xc; and a General-Purpose 
Module (GP-100) with freq. response, 

20cPs to 15xc. Amplifier Corp. of 
America, 398 Broadway, New York 13, 

N. Y. 

Circle 268 on Inquiry Card 

LET ZERO SOLVE YOUR 

PACKAGING PROBLEMS 

re-usable/shipping/ 

storage containers 

for systems & 

instrument packaging 

the original 

modular container 

concept 

The original Zero Modular Container concept 

offers you lightweight, heavy duty, shock 

resistant, moisture- and atmosphere-tight 

protection to applicable MIL specs or to 

your own specs. Re-usable over and over 

again. Any size for any weight or bu k. 

Standard & special accessories for any ex-

terior/interior modification. Shock isolation 

systems. Free engineering consultation. Send 

sketch of proposed contents & briefly tell 

us what's required. Fast quotes & delivery. 

ON send for new 
12-page 

catalog E62 

ZERO MANUFACTURING CO. 

1121 Chestnut Street, Burbank, California 
Telephone Victoria 9-5521, area code 213 
TWX 213-846-8094 

Factories in Burbank, Calif. & Monson, Mass. 

Circle 107 on Inquiry Cord 
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Lg IP Hrg 

SUPERCONDUCTIVE WIRE 
More than twice the field strength of 

zirconium-columbium wire. 

It can be used at temps. as low as 
183°K. The composite wire is available 
in both single and multiple sheath forms. 
The multiple sheath's outer sheath acts as 
an insulating layer offering high electri-
cal resistance, with better thermal con-
ductivity than non-metallic insulation. 
Thus the entire magnet can be main-
tained more readily at super-cooled temps. 
The composite is being used to field 
strengths of 80 kilogauss. Available as 
small as 0.010 in. and in lengths up to 

10,000 ft. Superior Tube Co., 1614 Ger-
mantown Ave., Norristown, Pa. 

Circle 269 on Inquiry Card 

CAPACITOR ELECTROMETER 
Measure currents below 1 jenduanip 
(10-"a) with high stability. 

Known as the Victoreen Model 475 
Femtorneter, it measures down to level' 

near the threshold of thermal agitation, 
i.e., currents of the magnitude of only 
8000 electrons/sec. At about 1/3 of full-
scale, the Femtometer measures currents 

of less than 1 femtoamp ( 10-"a, or 1 
millipicoamp), and charges of less than 
1 femtocoulomb ( 10°C, or 1 millipico-
coulomb), and voltages from ultra-high 
impedance sources. For ionization cur-
rent measurements in radiation monitor-
ing and control. The Victoreen Instru-
ment Co., 5806 Hough Ave., Cleveland 
3, Ohio. 

Circle 270 on Inquiry Cord 

I 
11111 

110 
"Muoir 

NEED A HIGH 
VOLTAGE RELAY? 
Jennings type RB4, 4PDT vacuum relay has alpeak 
rf test voltage rating of 15 kv. Continuous 60 cycle 
current rating is 20 amps. 

"itgry.ell 

WITH MAXIMUM 
RELIABILITY 
Jennings type RB1, SPOT relays are available in 
some models with a rated life of 10 million operations 
and switching speeds to 3 milliseconds maximum. 
RF operating voltage is 10 kv peak. 

CAN CARRY LOTS 
OF RF CURRENT 
Jennings type RS8, SPST relay has a continuous 
current rating of 22 amps rms at 16 mc. Peak test 
voltage rating (60 cycle) is 30 kv. 

INTERRUPTS HIGH 
POWER 
Jennings type RE6B. SPOT relay will interrupt 25 kw 
dc power (not to exceed 5 amps or operating voltages 
of 10 kv). Peak rf test voltage is 15 kv. 

RESISTS SHOCK 
AND VIBRATION 
Jennings type RA vacuum relays will withstand 
vibration of 20G at 10 to 2000 cps. Rated operating 
voltage is 2 kv peak (60 cycle). Heavy duty versions of 
this relay will interrupt 20 amps for minimum 50,000 
operations. 

NEVER CHANGES 
CONTACT RESISTANCE 
Jennings type RB7 2PDT vacuum relays have a rated 

r rf operating voltage of 4 kv peak yet they are only 
1-11/16 inches long. Contact resistance never 
exceeds 10 milliohms for the life of the relay. 

Jennings Radio has specialized for years in the design and construction of 
vacuum transfer relays to solve high voltage switching problems where space 
and weight are critical and reliability a must. In addition to the relays illustrated 
Jennings offers many more models to solve a wide variety of applications. 

A brief inspection of the complete ratings and advantages of these relays 
will suggest many circuit design possibilities formerly deemed impossible. 
Send for detailed catalog literature today. 

y , 
RELIABILITY MEANS VACUUM/ VACUUM MEANS Ennied 

0 

JENNINGS RADIO MFG. CORP., 910 McLAUGHLIN AVE., SAN JOSE 8, CALIF.. PHONE CYpress 2-4025 
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1. X- BAND MONO PULSE ANTENNA utilizes the principle of multiple 
modes in waveguide. It features extremely deep mulls (50 DB) and 
a very compact configuration. 

2. PARABOLIC ANTENNAS of conventional design for X- Band and Ku 
Band are also available in the M- R- I line. 

3. RADAR PENCIL ANTENNA will operate at temperatures over 1000 F 
while under extreme vinration and with a 50% frequency band width. 

4. X- BAND PLANAR ARRAY ANTENNA consists of a phased array of 
waveguide slot radiators. The pattern consists of two conical beams 
at a carefully controlled angle with respect to vertical. 

5. Ka BAND CONICAL SCANNING ANTENNA achieves a high rate of 
electrical scanning through use of a tri-slot device that gives 3 
electrical scans for each mechanical scan. Compactly designed, it 
provides very close control ( less than . 1 DB) over the cross over. 

Ferrite Isolators 
Microwave 
Subsystems 

3.Port Circulators 
and Switches Radar Test Sets 

M-R-I experience is available to solve YOUR antenna design requirement. 

)11114 Formerly Kearfott Microwave Division 
14844 OXNARD STREET, VAN NUYS, CALIFORNIA 

STate 6-1760 «MIX: VNYS 5451 

MICRO-RADIONICS. INC. 

Circle 109 on Inquiry Card 

GMM 11 

LIGHT- EMITTING DIODE 

IN'r!dialed uuI/'liI if flint 

frintrible. 

This arsenide light-einitting 

diode makes p.ssibb. solid state optical 

communicati, at. systems. The ( i.\E--102 

does not need a complex power supply 
and modulating sysient. It i: a diffused 

junction ( ia.\. diode which, when for-

ward biased, emits inotioclirtematic light 

near 90011".\. Nbultilation power required 

is only a fen tenth tti a watt, and radi-

ated power ont pitt iv el 1111w are ob-

tainable when operated at room temps., 

with more than 25mw of output power 

when diode cooled to 77°K. Mounted in 

a UG-88/U type BNC connector. Philco 

Corp., Lanstlale Lansdale, Pa. 

Circle 271 on Inquiry Card 

SILICON RECTIFIER DIODES 

can ¡e; ' is, trau.0,,nts up 

Small pigtail-mounted silicon rectifiers. 

(flangeless, and 0.570 in. max. length) 

rated at 2a and have built-in Voltage 

Impulse Protection ( VIP) against re-

verse power dissipation capability of 11:w 

for 25g sec. transients. Use their con-

trolled avalanche characteristic to dis-

sipate large reverse power pulses with-

out protective circuitry. For severe in-

dustrial uses; exceed requirements of 

EIA-NEMI class B service. Three 

types rated to 600v PRV available. 
Rectifier Div., General Instrument Corp., 

65 Gouverneur St., Newark, N. J. 

Circle 272 on Inquiry Card 

196 ELECTRONIC INDUSTRIES • January 1963 



RESISTOR NETWORKS 
Precision resistive nelicorks zoith very 
fast rise time response. 

Especially suited for computer uses. 

Rise time responses with time constants 

as low as 5Onsec. with virtually no ring-

ing are available. Features are: absolute 
initial accuracy of resistors ±-0.005% at 

25°C r any specified ambient up to 
+40°C; temp. limit of ±2°C from 
the specified temp.; matching ratio of 

-±0.001% to the specified temp. range: 

temp. coefficient as low as 0.5 PPM/°C 

trom +55° to + 85°C at the medium re-

sistance range. Resistance stability of 

0.002% over a 10 times temp. cycle from 

—65° to + 85°C. Kelvin Electric Co., 

5907 Noble Ave., Van Nuys, Calif. 

Circle 303 on Inquiry Card 

É1N PMCJEUM 
MINIATURE RELAY 

Type AZ designed for extra long life 
at low cost. 

Available in 2 series, AZ420 ( shown) 
and the AZ421. General basic specifica-
tions for both relays are: mechanical life 
expectancy : 100,000,000 operations: life 

expectancy at rated load: 10,000,000 op-
erations; contact ciailiguration to 4 form 
C: weight : 1.2 oz. maximum ; terminals: 
plug-in; and sizes: AZ420: 3,L1 x 15/16 x 
1 3/16 in. and AZ421: 4,!1 x 1 11/64 x 
1 3/16 in. Controls Div., Elgin National 
Watch Co., Industrial Group, 2435 N. 
Na. mi St., Burbank. Calif. 

Circle 304 on Inquiry Card 

TAPPED DELAY LINES 
For use in pulse elute mmiurdtion 

These devices may be operated up to 

70mc for max. bandwidth. Taps are avail-
able, which arc any sub-multiple of the 
total delay time np to 1604sec. In addi-

tion, certain output taps can be provided 
in delay lines from 1600 to 5000msec. For 

extreme environmental conditions, Micro-

souks can pnwide temperature control 

systems capable of maintaining stabilities 

of -±0.01°C. Microsonics, Inc., 60 Winter 

St., Weymouth 88, Mass. 

Circle 305 on Inquiry Card 

kIMMEELI WiedexTrIebiti?? 
SPECIFY MIDLAND CRYSTAL 

111 Years ago, Midland knew of the impending high 
frequency spectrum " jam-. Today its here! The 
steep attenuation slope exhibited by a crystal filter 
is an important characteristic in design of H.F. com-
munications systems for maximum channel separa-
tion. Crystal filters are small, reliable, rugged and 
stable over a wide temperature range. They are 
more in demand now than ever before. That's why 
Midland, through purchase, is integrating Iteks 
Electro-Products Division's production, test equip-
ment and filter designs into Midland's already estab-
lished 100,000 square foot facility— to further 
enhance the ability to serve the growing needs of 
the communications industry. Two typical Midland 
production filters are the EL- 1B and DL- 1B. Check the 
response, inband ripple and ultimate attenuation, 
with only 3 db insertion loss. Approx. size 2"x1 "x 
3/4". Write for Engineering Bulletins NBS-104 and 
NBS-105 for complete technical information. 

/._,..-

(s.._.Iffee ddlie tc/J -

cloo 

'--',7   

illig. ') FILTERS 

MANUFACTURING COMPANY 

1.8 

3155 Fiberglas Road • Kansas City 15, Kansas 

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS & CRYSTAL FILTERS • Division 
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RELIABILITY LIFE TEST REPORT 

ATE July 1962. 

CK5703WB 

REPORT NO 2 

l 

NO 
TESTED 

TOTAL 
TUBE HOURS 

NO 
EAU ED 

, t ; PE RATE tN PER 1000 HOURS A 

tN PLAN' 
AUUAL FAILURES 

ESTIMATED 
EQUIPMENT FAILURES 

Catastophic Failures Only 1040 880,000 2 0.23 

r" 

0.12 

i Failures 
, iroul.ie & Electrical 1040 880,000 4 0.4o 0.23 

TEST DESCRIPTION 

ype: Intermittent Life, 1000 Hours, per MIL- E-1/1070 

Operating Conditions: Ef=6.3V Eb=120Vdc Rk=220ohms Ebk=t-200Vdc 

End Points: 

E =0 R 0 cl gl • me g' Tbulb=+220°C min. 

I - Catastrophic: Shorts, opens, air tube (MIL- E- 1D) 

II - Electrical: Time change in Transconductance AtSm(1)1 
for individual tubes, exceeding 30% at 1000 hours. 

APPLICATIONS The CK5703WB is a heater- cathode type medium-mu triode of 
subminiature construction capable of operation as an oscillator, Class C Amplifier, 
or frequency multiplier in the UHF region. This type is characterized by long 
life and stable performance. It is designed for service where conditions of high 
temperature and mechanical shock or vib tion are encountered. 

REMARKS Summary data and fa 
tests run at MIL- SPEC. conditions. No 
used. In actual use, the operational fail 
less than those computed from the above 

es are based on observations of 
g or multiplying factors have been 

- rates may usually be expected to be 

ie Test data. 

Backup 

Tube reliability backed up in writing. That's what the Ray- types of tube failures and give methods for calculating con-
theon Reliability Reports mean to equipment and system de- fidence limits on failure rates. 

signers. These valuable reports give data on actual in-plant The Raytheon Reliability Reports are a continuing serv-

failure rates for typical industrial and military tube types, as ice. Volume II of this report is now ready. You can receive 
well as tube reliability underestimated equipment conditions. your copy by writing to: Raytheon Company, Industrial 

Prepared by Raytheon quality control specialists with Components Division, 55 Chapel 

long experience in life test procedures, the reports define Street, Newton 58, Massachusetts. 

Circle 74 on Inquiry Card 



The Systems 

Engineering 

Section of 

ELECTRONIC 

INDUSTRIES 

AF DATACON-WORLD'S LARGEST 

First of 5 centers in 
the world's largest 
digital data com-
munications system 
has been turned over 
to the USAF by 
Western Union Tel-
egraph Co. One of 
the systems jobs is 
to keep tabs on 1.5 
million items of ma-
terial. First center 
is at Norton AFB, 
Calif., other centers 
are expected to be 
completed in the 
early part of '63. 

1 ICMEIC 
upanume 
MIMIMINIIIMMIMMIMIMMINII".1111. 11111111.111111 

SYSTEMS 
WISE 

Scientists at IBM's Thomas J. Watson Research Center, 
Yorktown, N. Y., have continuously operated a gallium ar-

senide "injection laser." Current level required was about 
100a. The device put out between 10 and 25mw of light, for 

an input of 50mw. Overall efficiency is between 20 and 50%; 

wavelength about 8400A. 

Telst-ar has developed difficulties in its command circuit. 
It won't turn its communications receiver and transmitter 
on or off. All originally planned experiments, plus some 
250 technical tests and over 400 demonstrations have been 
carried out. Bell Telephone Laboratories scientists say the 

trouble may turn out to be a "boon." It will provide data 
for improving future ComSat reliability. 

NASA has acquired a Univac 1107 Thin-Film Memory Sys. 
tem from the UNIVAC Div. of Sperry Rand Corp., for use 
at Goddard Space Flight Center, Greenbelt, Md. The com-
puting system will be used 24 hrs. a day, 6 days a week, to 
process telemetered data from satellites. Installation is 

scheduled for Jan. '63; operation to start in Feb. 

Because radiation affects the solar cells of earth orbiting 
satellites, nuclear powered generators will come into wide-
spread use in space, according to an atomic scientist from 
the Nuclear Div., of Martin Co., the Aerospace Div. of 
Martin Marietta Corp., Baltimore, Md. Radioisotope genera-
tors are simple, long-lived, and inherently reliable devices, 

besides offering space and weight savings. 

A radar with a 300-mile detection range has been de-
signed from lightweight materials by General Dynamics/ 
Electronics, San Diego, Calif., so that the entire system can 

be flown or floated into battlefield positions. Contained in 
two watertight packages of 3,500 lbs. each, the radar can 
be assembled in two hours. Features for assembling under 
tactical conditions include: sequential unloading, "braille" 

part identification and a minimum of tools. 

ELECTRONIC INDUSTRIES • January 1963 

The radio-command guidance system that put the 3 Mercury 
shots into orbit will be used for NASA's Gemini program. 
General Electric Co.'s Defense Systems Dept., Syracuse, 
N. Y., received a letter contract from the USAF's Space 
Systems Div., for transistorized systems weighing a total 
of 34 lbs.; Mercury's transponder alone weighed 32 lbs. 

A solar "steam boiler" generating electricity (using heat 
from the sun) to operate control and communications sys-
tems in satellites has been designed by Red Bank Div. of 
The Bendix Corp., Red Bank, N. J. Using mirrors to capture 
sun energy, the system uses liquid metal (instead of water) 

in a closed-cycle system similar to conventional steam en-
gines. The vaporized working fluid drives a multi-stage 

turbine coupled to a generator which can supply up to 

80,000 watts of electrical power. 

Speech recognition machines will, at first, have to rely 
heavily on good "hearing" of individual sounds, according 

to a Bell Telephone Laboratories scientist at the recent 
meeting of the Acoustics Soc. of America in Seattle, Wash. 
Most frequent speech sounds are "uh," "t," "i" as in "bit," 
and "n." Least frequent: "zh" as in "pleasure." 

LASER PIERCES TANTALUM AND DIAMOND 

Built by Hughes Aircraft Co., Fullerton, Calif., this powerful ruby 
laser drilled through a very hard sheet of tantalum metal in less 
than a 1000th of a second. Metal boiling point is 10,000°F. The 
laser also pierced a diamond in a fraction of a split second. 



FOR A N UMBER OF YEARS we have been using a small 

transistorized amplifier for all of our sports broad-

casts.' The unit has been so successful that we de-

cided to develop a more modern version with added 

features. 

'We have a definite need for 3 mike channels, espe-

cially at football games. One channel for play-by-play, 

one for the announcer, and one for crowd and band 

pickup. 

It would be very helpful if the need for riding gain 

was eliminated, because often the sportscaster is 

burdened with this duty, along with describing the 

event. With the level automatic, he would be free to 

concentrate on the event. This would also make it 

possible to discard the VU meter and further reduce 

the unit's size and weight. 
Transistor Iteinme E. C. Smith, Mee/ 

August 1956. 

A 

TRANSISTOR AMPLIFIER 

WITH AGC 
The automatic program level control feature 

incorporated in this amplifier can 

be used in all types of communication equipment. 

Use of this circuitry would prevent overmodulation. 

The amplifier described here has been tested fully 

and has been giving very good performance. The 

gain is controlled much better than is possible by 

manual control. 

The attack time is very short and the recovery time 

is rapid enough to make the build-up during pauses 

unnoticeable. The whole operation is very smooth. 

Although we are mainly interested in using it for 

broadcasting, the circuit could be used for level con-

trol in ninny other types of equipment. 

By EDGAR C. SMITH 
Chief Engineer 

WFIN 
Findlay. Ohio 

Schematic of a transistorized audio amplifier with AGC. Except for the AGC. the circuit is of standard design. 
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The battery operated 
transistorized ampli-
fier is compact and 
flexible. One of the 
batteries shown is a 
spare. 

Circuit Description 

Three low impedance 250 ohm microphones are 

connected to the mixer transistors through the con-

trols and Cl, C2 and C3. Mixing takes place in the 

collector circuits of these transistors. Except for the 

AGC, the circuit is of standard design. 

Audio voltage is applied to the 1N60 diode 

through C14 and the divider formed bv R22 and 

R23. The 1N60 diode rectifies this voltage and the 

resulting dc voltage is filtered by C12. The dc voltage 

across R19 is applied to the base 04 through R15. 

This voltage is positive and reduces the gain of Q4 

as the output voltage of 06 increases. To prevent 

gain reduction on low levels, the diode is biased by 

dc obtained from the divider formed by R25 and 

•1:23. This improves the overall performance, since 

only the higher levels need to be reduced. 

The recovery time of the control circuit is con-

trolled by C12 and R19. We prefer the recovery 

time obtained by the values shown, lnit it can be in-

creased by increasing the value of Cl2 if needed. 

One Eveready 412, 22Y2 volt battery is used. This 

provides about 10 hours of operation. A spare bat-

tery is mounted in the case. 

Frequency response is within 2 db of 1000 cycle 

reference, 50 to 10,000 cycles ( Fig. 1). 

Distortion at +4 V U normal output is 3.5'; or 

less, 50 to 10,000 cycles ( Fig. 2). 

Gain reduction at +4 V U normal output is 8.5 dl) 

(Fig. 3 ). The noise level measured better than 60 db 

below normal output. (Continued on page 202 ) 

Fig. 1: Graph shows that frequency response is within 2db. 
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Fig. 2: Distortion of amplifier at + 4VU is about 3.5 00. 
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A REPRINT OF THIS ARTICLE 
CAN BE OBTAINED BY WRITING 

on company letterhead to 
The Editor 

ELECTRONIC INDUSTRIES 

Chestnut Cs 56th Sts., Phila. 39, Pa. 

Fig. 3: Gain reduction at + 4VU normal 
output is 8.5 db as shown in graph 

TRANSISTOR AMPLIFIER 
(Continued) 
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Operation 

Operation of the amplifier is very simple. A line 

is connected to the output terminals, and the micro-

phones and the headphones are plugged in. The 
headphone plug also turns the battery on. This 

eliminates a switch which might be left on to dis-

charge the battery. 

-50 -45 

The 3 controls are used mainly for selecting micro-

phones. They are opened just enough to give normal 

output and need not be touched thereafter, except to 

cut off a mike. For our sportscaster the control is 

about one fourth on. Extra gain is available for 

pickup of distant events, such as halftime cere-
monies, etc. 

100° to 1100°F. 

BLACK WHEN 
EXPOSED 

TEMP-PLATE 
DETECTS ELECTRONIC OVERHEATING 

Overheating is detected in a positive, direct 
manner by Temp- Plate. Simple, easy to use, immersible 
and irreversible, Temp- Plate is the little plastic tab that 
sticks to a unit, turns black at any desired value from 100° 
to 1100°F. Available in both standard and miniature sizes, 
in any combinations of activating temperatures, Temp- Plate 
is impervious to production line handling and ambient 
temperatures— accurate to ± 1%, it provides for absolute 
indication of heat damage. 

WRITE NOW 
FOR FREE SAMPLE. 

PYRODYNE, INC. 
11876 Wilshire Blvd. 
Los Angeles 25, California 

ffl 

250`i. 
ACTUAL SIZES 

PY ROM' NE. INC. LOS ANGELES. CALIF. 

TEMPERATURE INDICATOR 

1110 F 120°F 130F 140*F 
W SLACK WEE, EXPOSED eye, 

Openings for qualified fluid components designer for missile and space systems. 

Circle 113 on Inquiry Card 

• • • • • • • • • • • • • • • • 

IEEE 
MEET 

THE BEST BRAINS, 

THE BEST PRODUCTS 

IN THE INDUSTRY 
at 

I-TRIPLE-E 's 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 

The COLISEUM at Columbus Circle 
& The WALDORF ASTORIA HOTEL 

admission. MEMBERS $ 1.00; NON-MEMBERS $3.00 
MINIMUM AGE: 18 

SHOW 
(formerly the IRE Show) 

• • • • • • • • • • • • • • • 
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New KIRS Alti-Coder Altimeter is as easy on 
the eyes as Kathy Malecki, TWA stewaedess, 
who holds it Lp for close inspection. 

KOLLSMAN INTRODUCES 

ALTITUDE-REPORTING DEVICES 

A series of devices that automati-
cally report digital aft:m(1e informa-
tion to control towers has been intro-
duced by Kollsnian Instrument Corp., 
F.1mhurst , N. Y. 
Known as " Alti-Coders," the equip-

ment will a:low air traffic controllers 
to pinpoint aircraft altitudes in high-
density airport areas. 

Altitude information is automati-

cally encoded into digital form to be 
sent from the aircraft transponder 
upon interrogation by an air controller. 

Kollsman is making three types. 
They are the "KIFIS" Alti-Coder, for 
commercial jets with Kollsman's In-
tegrated Flight Instrument System: 

the H/A Alti-Coder, for heavy air-
craft not so equipped, and the L/A 
Alti-Coder, for planes weighing under 
12,500 lbs. 

The units are quite compact: the 
L/A Alti-Coder is 6 x 31/4 x 31/4  in., 
weighs 2 lbs. The other two are 
slightly larger. Correction for systems 
scale and airframe static source errors 

is provided on the KIFIS Alti-Coder. 
Installation time is claimed to be im-

mediate on KIFIS-equipped aircraft. 
very short on others. Components are 
said to meet or exceed FAA speci5ca-
tions. 

LIDDEL AIDOINTED NASA 

PLANETARY RESEARCH CHIEF 

Dr. Urner Liddel, formerly Assist-

ant Director of Hughes Research Lab-
oratories, Malibu, Calif., has been ap-
pointed NASA Chief of Sciences for 
lunar and planetary Programs. 

NASA MISSILE CIRCUIT 

CONNECTOR TESTED BY AF 

NASA has developed a circuit con-
nector to overcome one of the simplest 
but most exasperating problems in the 
missile business, that of faulty electri-
cal plugs. 
The new connector has no soldered 

connections. 
Recently it was successfully tested 

at AF Systems Command's Missile 
Development Center, Holloman AFB, 
N. Mex. Tests were accomplished by 

simulating missile launchings with 
rocket sled runs on the base's 35,000-
ft. captive missile test track. 

These successful tests demonstrated 
that higher-than-normal takeoff and 
re-entry vibrations can be withstood 
by the connectors without breaking a 
circuit for as much as .0001 sec. 

The devices reportedly eliminate 
much missile weight, short circuits, 
and broken and frayed connections so 
common in ordinary electrical hook-
ups. 

They Wanted 

High Reliability 

To successfully build missiles and space ships all components must be 
constructed with the highest reliability. To illustrate the magnitude of the 
values involved, diametral clearances as small as 50 millionths of an 
inch must be maintained between some parts. Specs of dust, metal, 
oxides, lint, only 1/40 the diameter of a human hair can cause malfunc-
tion. As a consequence, final cleaning is of major importance. 

With this knowledge, National has designed a new concept of ultrasonic 
"white room" cleaning that will provide predictable results of the high-
est reliability. This system encompasses the following: 1. Achieves the 
desired degree of cleanliness; 2. Recoverability of solvent; 3. Reduces 
rejection rates; 4. Minimum safety investment; 5. Employee acceptance; 
6. High reliability; 7. Low operating cost. 

For further information on this new concept of ultrasonic "white room" 
cleaning systems, write or call us now. 

NATIONAL ULTRASONIC CORPORATION 
James St., Somerville, New Jersey Area Code 201 722-5200 

ULTRASONIC CLEANING AND PROCESSING EQUIPMENT 
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IN NU 0 UM 
...for the Electronic Industries 

PHOTOCONDUCTIVE CELL 
Half-inch unit responds to low light 

levels. 

At the low light level of 2 ft.-candles 

illumination, the cell resistance is 100011 
Max. current-carrying capacity 20ma. 
Peak spectral response is 6100°A. Her-
metically sealed against deterioration by 

moisture, it is an end-illuminated cad-
mium sulfide cell, Type B46. It carries 
a max. applied voltage rating of 60vdc 
or peak ac, 120mw power dissipation. 
The cell has a glass and metal envelope 
with 2 wire leads. Seated height is about 
1/3 in. and max. dia. is 0.65 in. General 
Electric Co., Receiving Tube Dept., 

Owensboro, Ky. 
Circle 237 on Inquiry Card 

TO-5 PULSE TRANSFORMERS 
Series of subminiature units for use in 
the nanosecond region. 

Subminiature pulse transformers in 
TO-5 transistor cases offer a welded 
hermetic seal in a low volume package. 
Bandwidths ( ratio of pulse width to rise 
time) is somewhat restricted as to com-
mon to nanosec. transformers. Windings 
are kept uniform to rnmimize reflections 
in the transmission line mode. Type 45Z 

is designed for a max. voltage rating 
between windings of 200vdc. Temp. range 

is —55° to 105°C. Models rated at 
125°C are available. Dissipation rating is 
0.3w at 25°C with linear rerating to 
105°C. Special Products Div., Sprague 
Electric Co.. N. Adams, Mass. 

Circle 238 on Inquiry Card 

KLYSTRON 
This type of klystron is called a 
modulated oscillator (LMO). 

[0.0, 

. e Cirmét.C. 
r.ne. 

entK on& 

=.1,5 

fiNT110.1. 

MO. RUC t 000e 0.arré 

Reported to combine inherent features 
of a 2-cavity oscillator of high efficiency 
and power capacity, with an easier meth-
od of freq. modulation. Oscillator uses an 
electrode to vary electron transit time 
between 1st and 2nd cavity. Electrode is 
positioned outside the electron beam in 

the drift tube of the oscillator and does 
not draw current; freq. modulation is 
done without changing power input to 
the oscillator. The lens electrode pumps 
ions out of the beam, increasing life ex-
pectancy. Sperry Electronic Tube Div., 
Gainesville, Fla. 

Circle 239 on Inquiry Card 

TERMINAL SYSTEM 

lens Provides clip-soldering for metal chassis 
and hand wiring. 

TV OPTOLINER 
For precision testing and alignment of 
all TI? cameras. 

Designed for the critical alignment and 
standardization of TV cameras, the Op-

toliner attaches to the lens mount of any 
studio or closed-circuit TV camera and 
accurately checks opto-mechanical align-
ment, sensitivity, and calibration to labo-
ratory standards. It precludes the vari-
ables present with external test patterns 
through the use of internal test pattern 
slides. Light level and color temperatures 
are adjustable, and even-illumination 
without hot spots is provided by an ex-
clusive integrating sphere. Photo Re-
search Corp., 837 N. Cahuenga Blvd., 

Hollywood 38, Calif. 
Circle 240 on Inquiry Card 

This receptacle design provides the 

economies of dip-soldering, and the re-
liability and repairability of hand-wired 
metal chassis construction. The "Press-
Fit" Cloverleaf Receptacle permits hand-
wiring from point-to-point, and metal 
chassis mechanical strength and field 
serviceability. Provides 4 insertion points 
for wire leads, with a center hole. Two 
series: The FT-E-10 for AWG-19 or 

smaller wire; the FT-E-12 for AWG-22 
or smaller. For use on metal chassis from 
0.040 to0.065 in. thick. Sealectro Corp., 

139 Hoyt St., Mamaroneck, N. Y. 
Circle 241 on Inquiry Card 

TRANSISTOR CHOPPER 
Jipe /00 is for ST ST switching applica-

tions. 

TYPE 109 

Potted in a 3,¡ x 0.70 in. long steel 
casement, this chopper has a self-con-
tained transformer providing complete 
isolation between drive and switching ter-
minals. Sine or square wave drive can 

be used over a freq. range of 250 to 
100,000cPs. The unit's noise balancing 
circuit reduces switching spikes and off-
set to 5% of normal value. DC offset is 

typically 201.iv with drift in the low mi-
crovolt level over a temp. range of —65° 
to +125°C. Noise level is 30uv at 10k 
impedance (400 cps). RAWCO Instru-
ments, Inc., P.O. Box 7393, Ft. Worth 

11, Tex 
Circle 242 on Inquiry Card 
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SOLID STATE MEMORY 

Random css, h. -ad r jl‘ • lie inory 

and -nondestructive read-out. 

The 512 word, 15 hits/word sstenl.:-, 
read-cycle time is 1p.sec, and its write-
cycle is 41.4sec. Multi-aperture ferrit 
cores operate in a reversible flux-change 
mode during the read operation, and in 
an irreversible mode during the write 
operation. Because of the system's modu-
lar construction, the memory capacity 
can be increased in multiples of 512 
words up to 4096 words, and in word 

lengths up to 60 bits. Portions of the 
memory can be reserved for seminerman-
ent, nonvolatile storage if required. West-
inghouse Air Arm Div., P.O. Box 746, 
Baltimore 3, Md. 

Circle 273 on Inquiry Cord 

MINIATURE COUPLINGS 
Designed for 1/16 to , test Adj.! 

connections. 

Coupling and collet sets provide im-
mediate test connections for commonly 
used shafts between 1/16 and in. dia. 
for speeds up to 30,000aPm. Set N. 808 
has 2 center couplings with 6 pairs of 
hardened aluminum and fitting collets for 
1/16, 3/32, q, 502, 3/16, and ,1/4 in. 
dia. shafts. A very flexible bellows center 
is used for torques below 140gm-cm. Set 
No. 808 is for very small servos and 
synchros and delicate torque tests for 
speeds tot 25,00ORPm. Set No. 816 is for 
oz.-in. work on low FHP tests. Power 
Instruments Inc., 7352 N. Lawndale Ave., 
Skokie, Ill. 

Circle 274 on Inquiry Cord 

NINE... 
SIZES OF PROGRAMMING SYSTEMS 

Now, Plugboard Programming Systems are 
available in sizes ranging from 200 to 5120 

positions to meet requirements for reliable, low-

cost program control of electronic equipment. 
Systems include receivers, lightweight plug-

boards and a complete line of manual and fixed 
plugwires. Manual plugwires feature Ball-D-
Tent, the self-locking tip that prevents acci-
dental dislodging. Write for catalog, price list 

and full information. O. E. M. DIVISION 

HIGH POINT, NORTH CAROLINA 
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MODEL 190 

THERMOCOUPLE AMPLIFIER 

for 
• RECORDER PREAMPLIFIERS 

• OVEN CONTROLS 

• GLASS FURNACES 

• BEARING MONITORS 

• METER PREAMPLIFIERS 

• DC SHUNT AMPLIFIER 

A new concept in solid-state DC ampli":rs; no tubes, no tran-
sistors, no choppers. Typical gains 400(1, -±- 5 pv null stability; 
ten-year life. Price only !,; 84.00; quantity discounts, immediate 
delivery. 

Bequest Technical Bulletin No. 19 

/e 4Ie rim e 
INCORPORATED 

15360 TELEGRAPH RD. 

TELETYPE: 

313-

DETROIT 39, MICH. 538-4536 

Phone: 538.4242, Area Code 313 

Circle 120 on Inquiry Card 

LOGIC 
LWAITBHOO 

New Facilogic® for Digital Systems Breadboarding 
FACILOGIC BY HARMAN-KARDON PROVIDES THE ONE PRACTICAL system for digital bread-
boarding, special test equipment, personnel training ... easily, simply, economi-
cally. 14 exclusive features, including built-in logical indicators; front and back 
connections; no maze wiring; MIL spec symbols; simplified loading rules. Bread-
board your system with FACILOGICce—convert readily, for final construction, to 
HARMAN-KARDON logic modules and exclusive FLEXI-CARDS. 

1 Write now for your FREE Guide to Boolean Algebra and complete FACILOGICe purchase 
and exclusive "lease-loan" information. 
Request an in- plant demonstration, on your own problem with no obligation. 

Data Systems Division. harman kardon 

liK•79 

Incorporated, Plainview, New York 

Enq 

PHOTOCONDUCTOR CELLS 

Six high sensitivity co,ituinne sulphide 
Ixhatoconductor cells. 

Cuits are of the T-4 (,A in. dia.) size 
and offer cell resistances (at 2 EC) from 
750 through 16,000a Cell design feature 
true hermetie sealed-in-glass construc-
tion and a visual indicator that responds 
if the envelope becomes damaged and 
moisture enters the component Type 
numbers are: 8347, 8143, 8100. 8346, 8142, 
and 8345. Other electrical characteristics . 
include a dissipation rating of 300mw; 
voltage rating of 400v; and an aneb. op-
erating temp. range of — 40* to -1-70°C. 
Sylvania Electric Products Inc., 1100 
Main St., Buffalo 9, N. "V. 

Circle 275 on Inquiry Cord 

/50-AMP TRINSISTOR 

Type 200 suPplied in forzetnyi-blocking 
voltages through 400v. 

This high-current controlled rectiiier is 
rated 150a at 180° conduction and at a-

case temperature of 85°C. The Rms rat-
ing of the device is 235a. In addition to 
the high-Ris current rating, the device 
features a 3500a surge. rating. It is of 
Rock-Top ceramic construction and fea-
tures fatigue-free, hard-solder construc-
tion, low thermal impedance, and high-
peak reverse voltages. Designed for high-
power applications in industrial and mili-
tary equipment in inverters, converters, 
and freq. changers. Westinghouse Semi-
conductor Div., Youngwood, Pa. 

Circle 276 on Inquiry Card 

208 Circle 121 on Inquiry Card ELECTRONIC INDUSTRIES • January 1963 



LLft 

TRANSISTOR SOCKET 
Accept . 70-2 in-line and TO-5, -18, -30 

and -46 triangular arrangements. 

0 le 

Sockets are generally furnished in mi-
ca-filled phenolic and are also available in 
general purpose- material. Alternate ter-
minal lengths of 3/16; 19/64, and.1 1/16 
inch permit a socket to be hand wired 
with conventional soldering methods, cir-

cuit board mounted on close centers,* or 
used with leads which can be used as 
jumpers to fit special assembly consider-
ations. Provide maximum flexibility in 
equipment design and field replacement. 
Methode Mfg. Corp., 1700 Hicks Rd., 

Rolling Meadows, TO. 

Circle 306 on Inquiry Card 

WIRE MARKERS 

litylarr."- face makes for permanent leg-
end, resistant to grease and ail. 

LA M ICO D ES have a legend which 
will not rub off, yellow, or soak up oil 
and grease. Markers have high tensile and 
tear strength, in addition to high temp. 
resistance and dielectric strength. Resist 
water and moisture, acids, alkalies, sol-
vents, and stay put .over a temp. range 
from, — 500 to 400T. Mounted on handy,• 
release-coated :dispenser cards. Available 
with numbers, letters, symbols, abbrevia-
tions and machine tool designations. Strati-
co Products, Inc., 1532 \V. Van Buren 

St., Chicago 7, Ill. 

Circle 307 on Inquiry Card 

the Model 310- AB! 

Look at all the features Krohn-Hite packs into one low-cost filter! 
Krohn-Ilite's Model 310-AB variable band-pass filter covers the range 
from 20 cps to 200 kc. It features continuous independent adjustment 
of the high and low cut-of frequencies, so that the center frequency 
and hand width are both adjustable. 

Slope- is 24 db per octave. Dials are direct-reading for quick and ac-
curate measurement. Cut-off frequency accuracy is ±- 10%, with ± 5% 
available. 

A big advantage of the Model 310-AB is its high input impedance. 

It can be bridged across sensitive circuits without disturbing them. 
Its low outpat impedance is another advantage, and the output doesn't 
require terminating in a specific load. 

Low noise is another feature of the 310-AB. Its hum and noise spec 
is that of other much more expensive filters ( less than 0.25 millivolt 
rms), allowing the filter to work at low signal levels. 

How does Krohn-Hite put so many features into a $350 filter? Easy — 
Krohn-Hite are filter specialists — the first to introduce many filtering 
techniques now in widespread use. So, for the most for the money, ask 
for a demonstration of the 310-AB. Check it out, and then check the 
price tag! Write for full specifications. 

KROHN-HITE CORPORATION 
580 Massachusetts Avenue • Cambridge 39, Mass. 

Pioneerin3 in Quality Electronic Instruments 
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A 
SARATOGA 
THOROUGHBRED 

VOLTAGE REFERENCE 
AMPLIFIER 

A solid state assembly combining voltage 
reference and first stage transistor am-
plifier in one epoxy package. 
Simplifies mounting and wiring in regu-
lated power supplies. 

Temperature coefficients down to 
.002%/°C. Vz — 13 volts ±- 10%. 

Ic-1.5 ma. Minimum DC current gain-
75. Oper. Temp.:-55°C to + 100°C. 

Standard turret type terminals or tinned 
#20 AWG copper leads for printed circuit 
applications. 

For additional information 
on Saratoga's complete 
line of solid state devices, 
write: 

Saratoga Semiconductor 
A Division of Espey Mfg. & Electronics Corp. 
Saratoga Springs, N. Y. • Telephone 4100 

Circle 123 on Inquiry Card 
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'-£` leg FM171, Uri 
TIME DELAY RELAY 

Dial adjustable time delay up to 1000 
sec. -±-.4%. 

After time is dialed, lock the micro 
dial and time either on pick up or drop 
out with the Wheaton E790 or E791. De-
signed for use where different settings 
are required, or in laboratories for de-
velopment of prototype systems. Avail-
able in 4PDT arrangement for up to 
10a resistive at 32vdc and/or 115vac. 
Continuous duty with maximum recycle 
of 0.025 sec. Units are protected from 
transient spikes. A wide range in this 
line of time delay relays is available. 
Wheaton Engineering Div., Hurletron 
Inc., 920 Manchester Rd., Wheaton, Ill. 

Circle 277 on Inquiry Card 

CAVITY OSCILLATORS 

fight z,.,7.,ht line cover from 960 to 
C. 

MOTORIZED POTENTIOMETER 

Features low level mechanical and elec-
trical noise. 

When the motor is de-energized, the 
shaft of the gear train of the potentiom-
eter is disconnected from the drive system 
by a clutch coupling. Pots are to cus-
tomer specs. Applications include: indus-
trial controls; instrumentation; and dis-
plays. Specs. are: operating voltage is 6, 
12, 24, 117vac or as specified—external 
capacitor must be used for operation and 
reversing; max. power input is 7.5v-a.; 
RPM is 6; and units are compact and 
light weight. Special Products Div., The 
Lionel Corp., Hoffman Place, Hillside, 
N. J. 

Circle 279 on Inquiry Card 

PRECISION PARTS 

Injection molded steatite and high alum-
ina ceramic parts. 

Four units, each within 10% tuning 
range are available. Designed around a 
ceramic triode for use in local oscillators, 
and CW signal sources. Cover C, S, SL, 
and I. bands. The units varying in weight 
from 3.0 oz. to 6.0 oz. Tuning is accom-
plished by means of a single screw ad-

justment. Model EA4001-5400 to 5900-
mc, power output of 5mw min. Model 
EA3002-2700 to 3000mc, power output 
of 50mw min. Model EA2003-1800 to 
2000mc, power output of 30mw min. 
Model EA1003-960 to 1040mc, power 
output of 100mw min. Microlab, Living-
ston, N. J. 

Circle 278 on Inquiry Card 

This injection molding process permits 
intricately shaped parts at lower costs 
due to the elimination of secondary fin-
ishing operations, with the assurance that 
all parts will be exactly the same size 
and shape. Products requiring extremely 
close tolerances can be provided by this 
process. A max. tolerance of 0.001 is 
routine. Products now available are in-
dustrial thread guides, spray nozzles, 
electrical insulation and small electronic 
parts. Technical Ceramics Div. of Cen-
tralab, The Electronics Div. of Globe-
Union Inc., 900 E. Keefe Ave., Milwau-
kee 1, Wis. 

Circle 280 on Inquiry Card 



PRESSURE TRANSDUCER 

.1 1ojh tiTforMaiiCC Pres-

sure transducer. 

Model l'606 converts pressure into a 
7-bit unambiguous binary code output 
which divides the pressure into 128 dis-
crete parts. The output can be read visu-
ally or it can be fed directly into a mag-
netic tape system, typewriter system, etc. 
Measures pressures front 0.1 psi through 
0-1000 psi FS: absolute, gate, and differ-

ential. Size is approximately 1*.I x 3i;8 
in. Combined non-linearity and hysteresis 

is less than --L-1% FS. Input is 1 to 10v: 
output is a 7-bit binary code, 1 to 10v. 

Stathem I nstrtunents, Inc., 12401 W. 
01,1iipic Blvd., Los Angeles 64. Calif. 

Circle 281 on Inquiry Card 

SEMICONDUCTOR TESTER 

l'ortable instrument tests Sill! Il!! 
in- circuit. 

Circuit resistances down to 209 may be 
balanced for evaluating low ami high 
power transistors or diodes. Saturation 
or forward resistance is measured in cir-
cuit with 5% accuracy at 5, 50, or 500 

milliamperes by a simple, two-step se-
quence. The unit will also measure dc 

current gain and leakage out-of-circuit 
with 3% accuracy. Another feature is 

that it supplies a gate signal for testing 
or forward resistance is measured In-cir-

cuit Transistor Tester also measures (Ica 
and leakage out-of-circuit. Test Equip-
ment Corp., P.O. Box 13185, Houston 19, 
Tex. 

Circle I24 on Inquiry Card 

CUT IT, 
WRAP IT! 
NETIC AND CO-NETIC 

MAGNETIC SHIELDS 

APPLIED 

IN SECONDS 

TODAY'S MOST 
STABLE PLUG-IN 
FREQUENCY AN 

SPECIFICATIONS 

Guard against performance 
degradation from unpredictable 

magnetic field conditions to which 
your equipment may be exposed. 
Economical CO-NETIC and NETIC 

Magnetic Shielding Foils are adaptable 
to any size or shape components. 
Simply cut with ordinary scissors. 

Available in continuous lengths 
on rolls up to 15" wide. Furnished 

in final annealed state. 
Co-Netic and Netic alloys are not affected 

significantly by vibration or shock, assuring 
components performance repeatability 
over a wider range of flux intensities. 

They are also non- retentive and do not 
require periodic annealing. When grounded, 

they shield electrostatic as well as 
magnetic fields. They have many 

applications in satellite instrumentation 
and many other magnetically 

sensitive devices. 

MAGNETIC SHIELD DIVISION 
Perfection Mica Co. Phone EVerglade 4-2122 

1322 North Elston Avenue, Chicago 22, Illinois 

Stability: 5 x 10-9/Day. Frequency: 1 
mc to 5 mc normal rarge; 31.25 kc to 50 
mc extended -ange. Oven: DC type pro-
portional control. Power: 28 volt input. 
Output: 1.25 volts inro 5 K ohm iced. 
Dimensions: 2" x 2" x4.5" seated height. 
Write for data sheet. James Knights Corn. 
pony, Sandwich, 

JKTO- 43 
Transistorized 
FREQUENCY 
STAN DARD 

Designed for both 
laboratory and field service 

Circle 282 on Inquiry Card 
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Compact View 

of Hart Relays 

SERIES R&S Miniature, 

Hermetically Sealed. 

4PDT. Contact ratings from micro-

amperes to 10 amps. Meet or exceed 
MIL-R-5757D. A-c coil version avail-

able. 

SERIES P High Speed Polarized. 

SPDT. Operating response to 200 
microseconds. No contact bounce. 

»HAI% 

Sn 

THE MART AME. CO. 

HAI,TTORD, 1:0514, 

RELAY 
CAT. 
WI I 5A.A4E3 

COIL .V4C›,-; 
LOAD 291. 240 V, A.R., !UT. 
INA c HUH, 

J 

SERIES W General Purpose. 

DPDT, double break, a-c, d-c relays. 

Plug-in type or quick-disconnect ter-
minals. Rated up to 25 amps, yet • 
more compact than most 10 amp re-
lays. Holding contact available. 

For complete information write to: 

HART 
MANUFACTURING CO. 
no BARTHOLOMEW AVENUE 
HARTFORD 1, CONNECTICUT 
Telephone: Area Code 203 525-3491 

A SUBSIDIARY OF OAK MANUFACTURING CO. 

Circle 126 on Inquiry Card 

11 

MINIATURE CONNECTOR 

Pre-fab. system imbedded in plastic in-

sulating material. 

Called I uteri:, 1,, the iii-e-tabrieated 
circuitry was developed .fo, meet demands 
¡or smaller interconnecting devices for 
.oniptiters and other electronic systems. 
Little pins are actually nickel tabs that 
permit them to be welded. Intercon is 
used with both rigid and flexible insula-
ting materials or combinations of both. 
Other materials, including ceramics, also 

may be used. Amphenol Connector Div., 
Amphenol-Borg Electronics Corp., 1830 

S. 54th Ave., Chicago 

Circle 283 on Inquiry Card 

PROGRAM BOARD 

use in ,-,, mfuicrs, data processing 
and business machines. 

Called LOCKPATCH, it has been de-
signed with locking terminals making it 
virtually impossible to pull out any cord 
accidentally, minimizing the hazard of 
handling already wired boards. Overall, 
the system consists of 2 insulated ter-
minal boards, one fixed, the other remov-
able, plus plug-in cords, and a hinged 
receiver to bring the 2 boards into con-
tact. Major features are: positive locking 
of program; quick interchange of pro-
grams; lightweight for fast, easy pro-
gramming; and high resistance insula-

tion. Oak Manufacturing Co., Crystal 
Lake, Ill. 

Circle 284 on Inquiry Card 

BREADBOARD 

A general purpose test iMstrument, and 

circuit breadboard. 

Equipped with 1 or 2 highly regulated 

power supplies, high impedance multi-
meter, with selection of built in compon-
ents and linear pots for general use. The 
Solid State Circuit Lab. contains 560 
miniature spring loaded jacks connected 

on busses and tie points for rapid hook-
up of circuitry, components and solid 
state modular systems. Accessories in-
clude a supply of expendable plugs, flexi-
ble leads, short circuit jumpers, and sock-
et adapters for transistors and for other 
components. Stanley Aviation Corp., 2501 
Dallas St., Aurora, Colo. 

Circle 285 on Inquiry Card 

SHRINKABLE PVC TUBING 

Simplifies jacketing of custom or short 

run prototype cables. 

FIT-105 tubing is a modified PVC 
tubing meeting Mil-1-631 C, grade C 
specs. and shrinks down to =A of its ex-
panded dia, when heated to 325°F 
(163°C). Because of this shrinkage in 
dia., cable cores may be pulled through 
with relative ease and the tubing then 
shrunk down to form à tight-fitting flexi-

ble jacket with the' strength and charac-
teristics of the finest extruded plastic 
jackets. Resistant to fuel, oil, hydraulic 
fluid and solvents. 'Available in black, 
sizes 3/64 to 4 in. ( min. ID. before 
shrinking). Alpha Wire Corp., 200 Var-
ick St., New York 14, N. Y. 

Circle 286 on Inquiry. Card 
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SUBMINIATURE RECTIFIER 

Provides 1000ina et. 50°C; PM" range 
uf tu 1000v. 

This series of silic,n rectifier power 

packs are so small (0.150 x 0.150 in. 
dia.) that more than 200 units will it 
into a cubic inch (not counting leads'). 
Use advanced diffusion and encapsula-
tion techniques to provide full-rated 
1000ma dc output et 50°C over a peak 
reverse voltage range from 200 to 
1000v PRV. Reverse current is to 2ua 

25°C at rated PRV with forward voltage 
drop of 0.90v e 25°C at rated current. 
Pure silver 0.032 in. dia. leads increase 
heat dissipation. International Rectifier 
Corp., 233 Kansas St., El Segundo, Calif. 

Cacle 287 on Inquiry Card 

1/4 WATT RESISTOR 

Line of W C' fixed comPcsition units cf-
fered. 

Offered in standard values from 10£t 
to •Imeg, meeting all requirements of 
Mil RI1D. Tolerances of 5, 10 and 20% 
offered. Load life tests for 31)00 hrs. 
under full wattage dissipation at 70`C 
show changes on . the order of 0.40 to 
1.4% in resistance value. Body length of 
the ?4 watt resistors is 0.250 in. ±0.031 
in. and diameter 0.090 in. -±0.008 in. 
Axial lead wires are #22 tinned copper 
1.5 in. ±0.125 in. long. Speer Carbon 
Co., Theresia St., St. Marys, Pa. 

Circle 288 on Inquiry Card 

CORRELATE 
FREQUENCY 
ANYWHERE ON EARTH 
TO 0.00000003% 

WITH NEW SOLID STATE VLF FREQUENCY CORRELATOR SETS 

The new Interstate VLF Receiver/ 
Correlator receives worldwide 
VLF transmissions and elec-
tronically compares the precise 
transmitted frequency and 
phase to a local oscillator for 

calibration. Calibration to 3 
parts in 10 billion is easy to 
attain over a few hours with this 
reliable, solid state set. A variety 
of recording and readout options are 
of application. Write for technical brochure. 

available for broad versatility 

WRITET0.0,,,k,dak flICTROMCS CORPORIIT1011 
707 East Vermont Avenue • Anaheim, California • Telephone 714-772-2222 

(A subsidiary of Interstate Engineering Corporation) 

NATIONWIDE REPRESENTATIVES 

ANOTHER PnikIdak SOLID- tee INSTRUMENT 
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11M IC -Lr _FL 

for Engineers. 

LAMPS, INDICATOR LIGHTS, ILLUMINATED SWITCHES 

Annunciator Systems 

"Short-Form Selection Guide" covers 
hermetically-sealed, relay-type and solid-
state annunciator systems. The 2-color 
folder-wall chart covers the various sys-
tems, sequences, and cabinet styles avail-
able. Dimension drawings are given for 
standard cabinet types which comprise 
both nameplate and bullseye signal-lamp 
configurations. Panellit, A Div. of Infor-
mation Systems, Inc., 7401 N. Hamlin 
Ave., Skokie, Ill. 

Circle 160 on Inquiry Card 

Indicator Lights 

Catalog C6102, 32 pages, contains com-
prehensive information on indicator light 
assemblies; 1 amph o lde r s; and special 
assemblies, for pilot-dial and indicating 
uses. How to order miniature lamps and 
indicator lights, information on electrical 
and physical characteristics is included 
along with outline drawings of indicator 
light assemblies, lenses, hardware, and 
mounting brackets. Information is also 
included on "Telslide" indicator lights 
for telephone slide base lamps and "Tiny-
lite" midget screw indicator lights which 
mount in 7/16 or 15/32 in. holes on pan-
els up to 9/32 in. thick. Drake Mfg. Co., 
4626 N. Olcott Ave., Chicago 31. Ill. 

Circle 161 on Inquiry Card 

Subminiature Lamps 

This catalog entitled "Tung-Sol Preci-
sion Subminiature Lamps for Read-Out 
and Indicator Applications" gives specifi-
cations, outline drawings and filament 
construction for Tung-Sol's line of sub-
miniature wire lead and metal base type 
lamps. Tung-Sol Electric Inc., Newark 
4, N. J. 

Circle 162 on Inquiry Card 

Wiring Diagrams 

Bulletin 800-800T, 11 pages entitled 
"Push Button Wiring Diagrams" includes 
a glossary of symbols and wiring dia-
grams for such circuits as: one station; 
multi-station; pilot light; push-to-test pi-
lot lights; maintained contract buttons; 
master stop buttons; circuits; reversing 
station circuits; speed indicating pilot 
light circuits; thermostat and selector 
switch circuits; and push- to- test for 
ground detection circuits. Also included 
is information on oiltight push button sta-
tions and units for rugged applications. 
Allen-Bradley Co.. 136 \V. Greenfield 
Ave., Milwaukee 4, \Vis. 

Circle 163 on Inquiry Card 

Illuminated Switches 

Catalog No. 306 contains photographs, 
dimensional drawings and complete de-
scriptions on the Series 700, 8000, 17000, 
18000 and 2100 and 22000 Multi- Switch 
units and the Series 5000, 5000L, 150000 
and 15000L Push-Push Button Switches 
which are available with solenoid release, 
lock-out bar, twin latch bar, etc. inter-
locks. Switchcraft, Inc., 5555 N. Elston 
Ave., Chicago 30, III. 

Circle 164 on Inquiry Cord 

Read-Out Design Kit 

The Read-Out-Message Designer's 
Kit aids engineers in finding out the 
full display possibilities of rear projec-
tion one plane readouts. Consists of 
four sheets: a translucent parchment 
tracing sheet with outlines of screens 
and guidelines; terminal sheet for de-
termining character height, color and 
background color for each of the 12 
lamps in the readout; Bina-View char-
acter spec, sheet for selecting mes-
sages of up to 6-bit binary coded in-
puts; and type sample sheet showing 
most readable and commonly used 
type faces. Industrial Electronic En-
gineers, Inc., 5528 Vineland Ave., N. 
Holly ( ,od, Calif. 

Circle 165 on Inquiry Card 

Illuminated Switches 

Tech. data is available on lighted push 
button switches and display modules in-
cluding 1, 4 and 6 lamped types. Also 
included is a glossary on precision snap-
acting switch. Included are photographs 
and dimensional drawings. Haydon 
Switch Inc., Waterbury 20 Conn. 

Circle 166 on Inquiry Card 

Neon Indicator Light 

Tech, data is available on the AMPIL-
LUMET.". Neon Indicator Light which 
features a nylon housing and lens, a 25,-
000 hr. bulb operating life and mounts in 
standard 0.514 to 0.519 mounting holes. 
Amp Inc., Harrisburg, Pa. 

Circle 167 on Inquiry Card 

Indicator Lights 

Catalog B10-61, 6-pages, entitled "B-
Lites" covers low cost miniature indicator 
lights for commercial and military appli-
cations. Catalog No. Ell-61, 11-pages, 
"E-Lites," features comprehensive infor-
mation on miniature neon and incandes-
cent indicators with permanent lamps 
which mount in a in. dia, hole from 
the rear of the panel. Catalog CD5-62, 19 
pages covers "C-Lites and D-Holders," 
which are replaceable miniature neon and 
incandescent panel lamps and holders de-
signed to military spec. C-Lites are the 
replaceable lamp cartridge indicators. El-
dema Corp., 1805 Belcroft Ave., El Mon-
te, Calif. 

Circle 168 on Inquiry Card 

Illuminated Switches 

Eight pages of tech, data is available on 
AMF's Series 1000 Indicator Push- But-
ton Switches available in pre-assembled 
matrice units to meet a wide variety of 
specs; Suries 2000 Illuminated Push-But-
ton Switches which give shadow- free 
color in all light conditions and up to 4 
colors in one unit; Series 7000 Illumi-
nated Panel Indicators; AmPlite brochure 
and Data Sheets 7000 and 2000 are avail-
able from AM F Instrument Div., Ameri-
can Machine & Foundry Co., P.O. Box 
929, Alexandria, Va. 

Circle 169 on Inquiry Card 

Indicator Lights 

This 40-page catalog contains photo-
graphs, dimensional drawings and com-
plete physical, electrical and environmen-
tal specs, along with applicable Mil and 
federal specs, and ordering information 
on the TNR Series transistorized Nixie 
readout; the MTL Series Mini-Lite 
Indicators; transistor-controlled TIL and 
LVN Series incandescent lite (with re-
placeable lamp) and low voltage neon in-
dicator lite; transistorized button-lites; 
miniature button-lites; button switches; 
replaceable lamp display-lites; replaceable 
lamp assemblies; miniature front mount-
ing lites; and information on hot stamped 
legends for. "TEC-Lite" indicator lenses 
and switch buttons; Transistor Electron-
ics Corp., Box 6191, Minneapolis 24, Minn. 

Circle 170 on Inquiry Card 

Illuminated Switches 

Tech. data is available on the 2a and 
15a type, 125vac, Press-Lite Lighted But-
ton Switches. Switching is SPDT, main-
tained contact for both models; the 2a 
model mounts in a 9/16 in. hole and the 
15a model mounts in a 94 in. hole. Oak 
Mfg. Co., Crystal Lake, Ill. 

Circle 171 on Inquiry Cord 

Illuminated Switches 

This 25- page catalog contains photo-
graphs on a wide selection of button and 
lever switches with outline drawings and 
characteristic charts on illuminated single 
and multiple position; interlock push but-
ton; push-lock push release; momentary; 
telephone lever; push-turn-lock; single 
hole mounting; and accumulative locking 
illuminated switches. The Capitol Machine 
and Switch Co., 36 Balmforth Ave., Dan-
bury, Conn. 

Circle 172 on Inquiry Card 

Lamps 

Tech, data is available on Sylvania's 
electronic indicator lamps and sockets. 
Information covers short base, telephone 
slide-base indicator lamp, selection of 
plastic color caps, the Multi- Socket 
Strip, and Sylvania's Easy-Mount Single 
Socket. Sylvania Electric Products, Inc., 
Lighting Products Div., 60 Boston St., 
Salem, Mass. 

Circle 173 on Inquiry Card 

Illuminated Switches 

Catalog 67d, 19 pages, entitled, " Series 
2 Lighted Display and Pushbutton Switch 
Devices" includes a comprehensive amount 
of lighting and panel layout information 
with a split page feature allowing opera-
tor indicator style to be lined up with any 
switch unit for quick comparison of de-
tails, dimensions and capacities. Sections 
are also included on a wide selection of 
display screens; human engineering in 
panel design; and filters, their color sig-
nificance and special effects. Micro Switch, 
div. of Minneapolis-Honeywell Regulator 
Co., Freeport, Ill. 

Circle 174 on Inquiry Card 
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LAMPS, INDICATOR LIGHTS, 

Indicator Lights 
Tech, data is available on the sub-sub-

miniature indicator light which conforms 
to MS25446 requiring only 0.193 in. of 
panel mounting clearance hole. Informa-
tion is also included on ultra-miniature 
idicator light's ( Dataligha) which use 
the 100,000 hr. G.E. lamps conforming to 
MS24367. They mount in Y8 in. clearance 
hole from the back of the panel and are 
available in a wide variety of colored 
lenses. Also offered is Catalog L-169 
entitled Sub-Miniature Illuminated Push-
button Switches and Matching Indicator 
Lights. These lights feature single hole 
mounting with interchangeable caps. In-
cluded are full colored photographs of 
the units and the available lens caps in 
both square and round configuration in 1 
and 2-color effects. Dialight Corp., 60 
Stewart Ave., Brooklyn 37, N. Y. 

Circle 175 on Inquiry Card 

Illuminated Switches 
Bulletin 7000 includes photographs, 

outline drawings, and specs. on the Series 
7600-7700 non-illuminated and Illumi-
nated Push Button Switches. Construction 
provides for interlocking action between 
stations in a single row assembly of 4 to 
12 stations. Each button depressed releases 
any previously operated station and locks 
in the operated position. Donald P. Moss-
man, Inc., P.O. Box 265, Brewster, N. Y. 

Circle 176 on Inquiry Card 

Miniature Lamps 
This 12-page catalog features spec. for 

miniature 'and subminiature incandescent 
lamps. Includes actual size dimensioned 
illustrations and also shows candle power 
values for all types listed. An expanded 
line of subminiature lamps, including Tu-
Pin types, along with sections on lamp 
terminology and miniature lamp selection 
are also covered. Hudson Lamp Co., 528 
Elm St., Kearny, N. J. Write on Com-
pany letterhead. 

Illuminated Switches 

The Lighted LI'S Push Button Switch 
includes all the features of the reliable 
SPS series with the addition of lighted 
buttons. The lamps can be installed or 
changed from the front without use of 
tools, and may be wired to operate inde-
pendent of the switching action. Behind 
panel depth is 4V4 in. General Control Co. 
1200 Soldiers Field Rd., Boston 34, Mass. 

Circle 177 on Inquiry Card 

Illuminated Switches 

This 3-color, 4-page brochure, "Illumi-
nated Computer-Type Switches," gives 
detailed information on this unit which 
can be used as a maintained contact or 
momentary contact switch, or as an indi-
cating light. Designed for ac, dc, and dry 
circuits. Cutler I I ztmmer, 315 N 21st St., 
Milwaukee 1. \\ i. 

Circle 178 on Inquiry Card 

UCE li-

IL I OM 
for Engineers. 

ILLUMINATED SWITCHES 

Miniature Lamps 
This 27-page catalog, "Miniature Lamps 

Type s - Sizes - Specifications-Applications" 
covers miniature lamp selection factors, 
filaments, bases, bulb shapes, specifica-
tions for standard lamps and indicator 
lamps, and a comprehensive quick study 
on glow lamps. Included are filament dia-
grams, base photographs and bulb shaped 
photographs with a complete listing of 
General Electric's miniature lamps for 
operation on from 1.2 to 120v for incan-
descent types; and neon types for opera-
tion on from 105 to 125vac ( standard and 
high brightness types). Also included is 
a 7-page article on "Glow Lamps as Cir-
cuit Control Components," covering re-
sponse time, useful life, external effects, 
effects of aging, temp. effects, runaway 
characteristics, voltage differential and 
information on pulsed and voltage regula-
tion circuits. General Electric, Miniature 
Lamp Dept., Nela Park, Cleveland 12, 
Ohio. 

Circle 179 on Inquiry Card 

Indicator Lights 
Tech, data is available from The Sloan 

Co., 7704 San Fernando Rd., P. 0. Box 
367, Sun Valley, Calif. on: sub-miniature 
incandescent lamp holders; sub-miniature 
fixed bulb indicator lights; ultra-minia-
ture indicator lights; the model 801 Lit-
Switch (a lighted push button switch) ; 
and 2-terminal sub-miniature lampholders. 
Specs. and photographs, plus outline 
dra‘‘ing,, are included. 

Circle 180 on Inquiry Card 

Illuminated Switches 
Tech, data is available from the West-

inghouse Electric Corp., Standard Con-
trol Div., Beaver, Pa., on their General 
Purpose Pushbutton Switches, standard 
and heavy duty types for service and flush 
mounting and rugged environments, and 
their Oil-Tite Pushbutton Type OT1 for 
use where liquids present a problem. In-
cluded are photographs, specifications, 
and descriptions. 

Circle 181 on Inquiry Card 

Indicator Lights 
This 36-page catalog contains photo-

graphs, dimensional drawings, and electri-
cal and mechanical specifications on Mil 
spec color coated lamps; lighted pushbut-
ton switches; indicator lights; annuncia-
tor panels; and sub-miniature indicator 
lights and assemblies. Jay-El Products, 
Inc., 1845 \V. 169th St., Gardena, Calif. 

Circle 182 on Inquiry Card 

Illuminated Panel 
Tech, data is available on the Astroma-

tic panel concept which features instant 
visual control with high accuracy, reduces 
human error and simplifies highly com-
plex operations, besides giving space sav-
ings. Astromatic Div., Electrosnap Corp., 
4218 W. Lake St., Cliicau.c. 24, 111. 

Circle 183 on Inquiry Card 

Illuminated Switches 
Bulletin 54-B, 6-pages, gives complete 

data on the QUAD LI T E, a 4-lamped 
push button switch which can give up to 
9 different indications. Photographs, out-
line drawings and specs. are included on 
both flange and barrier mounting models. 
Bulletin 55-B is also offered on the 
TWINLITE, a lighted push button panel 
switch offering increased reliability with 
2 lamps per split screen. Controls Co. of 
America, Control Switch Div., 1420 Del-
mar Dr., Folcroft, Pa. 

Circle 184 on Inquiry Card 

Indicator Lights 

"Wall Guide to standard Alden Test-
ing and Sensing Components" includes 
photographs, dimensional drawings, chart 
of most commonly used molding mate-
rials, on Alden Pan-i-Lites (indicator 
lights) and Pan-i-Lite Switch ( illumi-
nated switch). Also included are indicat-
ing fuseholders, safety fuseholders, test 
jacks, prod and jumper pair, phenolic 
test prod and patch cord. Alden Prod-
ucts Co., 3172 N. Main St., Brockton, 
Mass. 

Circle 185 on Inquiry Card 

Illuminated Switches 

Catalog No. M-3, "Illuminated Indi-
cator Push Button Switches," 9-pages, 
full color, includes photographs, outline 
drawings, and descriptions on Marco's 
wide line of lighted switches. Data covers 
legend plate styles, color selection, lamp 
selection, mounting and finish specs., 
switch action and size information. Marco 
Industries Co., 207 S. Helena St., Ana-
heim, Calif. 

Circle 186 on Inquiry Card 

Indicator Catalog 
This catalog, over 100 pages, includes 

many illustrations in full color. It contains 
complete information on press-to-test in-
dicators, fixed indicators, switch light in-
dicators, flush mounted indicators, edge 
lights, lamp sockets, multiple panels, and 
interlocking keyboards. Included is infor-
mation on bases and caps, legend plates, 
panels, sockets, keyboards, and ordering 
information. Korry Mfg. Co., 223 8th 
Ave., No., Seattle 9, Wash. 

Circle 187 on Inquiry Card 

Documentary in Sound 

Raybestos-Manliattan, Inc., Passaic, 
N. J., is offering a high fidelity 12 in. 
record entitled, "The Space Age/The 
Age of Reliability." The record traces 
the development of the space age in 
America from the first rudimentary ex-
periments in rocketry to the present 
Moon Shot program. Over 75 authen-
tic sounds of the times are included. 
Write for the record under company 
letterhead. 
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50 KC Transistorized 
Universal Counter 

with Pushbutton Ease 
Model 15-40 

Northeastern's Model 15-40 
compact, fully transistorized 
counter features simple, fast 
pushbutton selection; crystal 
controlled operation, thumb-
action controls for display time 
and counting cycles, gated 
counting, in-line four digit 
readout, and self-check fea-
tures included. 

Specifications: 
• Stability  

parts in 105 per week 

• Frequency Range  
10 cps to 50 kc 

• Input Impedance  
200,000 ohms, 50 pf shunt 

• Standard Output Frequen-
cies ... . 1, 10, 100 cps; 1 kc 

• Max. Time Prequency  
1,000 cycles 

• Time Range   
1 in sec. to 103 sec. (104 sec  
using standard output freq.) 

• Max. Resolution  
20µ sec. between pulses 

• Supply Voltage 
115 y AC, 50-60 cycles, 25 va 

• Size  
12' wide, 9' high, 12" deep 

• Price $1,125.00 

NORTH EASTERN 
ENOINEERINO INCORPORATED 

DEPT. I-1, MANCHESTER, NEW HAMPSHIRE 
AFFILIATE OF ATLANTIC RESEARCH CORP. 

Employment Opportunities Open At All Leveis 

Marking Panels 
ONE OF TIIE COUNTRY'S LEADING DEVELOPERS and 

manufacturers of advanced FM and time-division-

multiplex telemetry systems and other communica-

tion equipment, Electrolechanical Research, Inc., 

now identities their panels, chassis and terminal 

boards with high production, direct marking equip-

ment in their own plant. Production can average as 

many as 2500 pieces per day ; and,. the identification 

required ranges from fairly standard front panel 

marking to imprinting individual serial numbers on 

each unit. Piece sizes range from about 11/, in. square 

to 19 in. x 19 in. 

Lloyd A. Manus, EMR's Components Fabrication 

Departnient Manager, compares previous and pres-

ent identification methods with the comment that 

"when we had our panels and chassis screen-printed 

by an outside printer it gave us the quality we needed, 

but made it necesSary for us to plan our specific pro-

duction needs for two or three weeks ahead. This 

made identification changes difficult after we had 

done our planning and sent a batch of panels to the 

printer. Continual delays in delivery slowed down 

our production. In addition, the serial number and 

other variables on some of the panels still had to be 

silk-screened in an entirely separate operation." 

Mr. Manus also said that with their Markem 

Model 103 AE machine, EMR achieves the imprint 

quality they need to meet military specifications for 

readability and durability. To get this imprint qual-

ity, the operator normally lets the machine cycle two 

or three times for each piece. This causes the im-

print to stand out even more when the cycle is re-

peated, giving the heavy coverage typical of screen 

process printing. The particular white used for the 

lettering was chosen for its good readability with the 

niedium-gray panels: 

To print serial number and other variable informa-
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tion, the operator merely changes cast metal, rubber-

faced type inserts in the Masterplate—a plate slotted 

to accept type inserts in the arrangement required. 

Changing inserts takes less than a minute. Another 

feature that EMR finds useful is the machine's ability 

to print flat surfaces recessed to a depth of PA. in. 

By purchasing their own machine, type and ink. 

EMR saves the entire cost of outside labor with addi-

tional savings in production down time. They also 

have complete control over production output with 

more flexibility to meet last minute changes in iden-

tification specifications. 
(Left) Type inserts 
change to print vari-
able information such 
as serial numbers. 
(Right) Lettering ob-

tained with the Mar-
ken 103 AE printer 
is crisp on this EMR 
Sub-carrier Discrim-
inator. 

'MORE PRECISE DATA on power supplies and 
microwave instrumentation is the goal of two new 

groups set up within the Scientific Apparatus 

Makers Association (SAMA). The two separate 

groups will collect market data and establish stand-

ards of perforinance, in addition to alerting gov-

erninént agencies to the need of promoting specifi-

cations and terminology. 

FASTEN, SEAL 
and CUSHION in 

ONE OPERATION 
with BARPADJASTENERS 
Now, the convenience of headed fasteners pre-assembled 
with resilient or compressible type Sealing and Cushioning 
Washers. Cuts assembly time, protects surfaces, makes 
positive seals of air, gases or liquids ... from vacuum to 
12,000 p.s.i. hydrostatic pressure. 

Revolutionary new concentered design offers high or low 
torque fasteners with a wide variety of sealing and cushion-
ing materials that meet government and industrial re-
quirements. 

BARPAD FASTENERS can be plain or heat treated with 
regular or special .p.Iatings. Available in all thread types 
with hex, truss, round, binding, pan, flat or oval heads. 

Other Barwood. designs include:. BARCLADR Reusable 
Sealing Washers and BARTITE& Sealing Washers for per-
manent seals. 

Solve your sealing and cushioning problems in 1 operation — 
write for Bulletin 36 today. PATENTED AND PATENTS PENDING 

L. J. BARWOOD MANUFACTURING CO., INC. 
18 Williams St., Everett 49, Mass. 

Circle 23 on Inquiry Cord 
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critical electronic components, instruments 

QUICKEST, 
EASIEST 
WAY TO 
SOLDER 

THERMO -TIP» 
Resistance Soldering Tools 

Concentrates instant heat right at point of con-
tact, eliminates set-up and preheating. Resistance 

principle heats part first, to melt solder and flow 
it all around the joint. You can't get a cold-flow 
joint with Thermo-Tip! You will get neater, 
stronger, more uniform connections. Thermo-Tip 
attachments are light iri weight, women can use 

them all day without tiring. "Pencil Grip" handle 

makes close quarter work easy, "Pistol Grip" 

simplifies jig work. A variety of metal or carbon 

electrodes, Power Units from 125W to 500W. 

Mail coupon for full facts. 

- - 

Pistol Grip 

M11111111111111figa— re 

Pencil Grip 
500-, 250-, 125-Watt 

Power Unit Sizes 
SOLD THROUGH AMERICA'S LEADING DISTRIBUTORS 
IN CANADA: Irving Smith, Ltd., Montreal 

IDEAL INDUSTRIES, Inc. 
5127-A Becker Place. Sycamore. III. 
Please send me free Soldering Equipment Catalog. 

Name  

Company  

Address  

City Zone State 

Circle 129 on Inquiry Card 
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UEC 11 IL 'GM 

Field- Effect Transistors 

"How to Choose the Best Field-Effect 
Transistors for AC Amplifiers," includes 
formulas, diagrams, characteristic charts, 
and schematics, plus a definition of terms. 
Siliconix Inc., 1140 W. Evelyn Ave., 
Sunnyvale, Calif. 

Circle 188 on Inquiry Card 

Zener Diodes 

Two bulletins describe 50w silicon 
zener voltage regulator diodes for elec-
tronic and electrical power systems. Bul-
letin 6.355 describes stud-mounted unit,, 
(JEDEC DO-5 case). Bulletin 6.350 
covers diamond-shaped transistor pack-
age units (JEDEC TO-3 case). Fansteel 
Metallurgical Corp., Rectifier-Capacitor 
Div., No. Chicago, Ill. 

Circle 189 on Inquiry Card 

Microwave Devices 

Tech, data, is available on Hyletronics' 
line of microwave switches and limiters, 
ferrite devices including freq. selective 
YIG limiters, tetrahedral switches, 3-
port circulators, 3-port circulator 
switches and filters, telemetry diode 
switching network, a phase comparison 
module, monopulse comparators, and a 
5-port S-hand ferrite circulator. Hyle-
tronics Corp., 185 Cambridge St., Bur-
lington, Mass. 

Circle 190 on Inquiry Card 

Integrated Circuits 
A complete reliability report summar-

izing the results of tests performed on 
365 Series 51 SOLID CIRCUIT semi-
conductor networks is available from 
Texas Instruments Incorporated, Dept. 
504-1A, P.O. Box 5012, Dallas 22, Tex. 
Information covers environmental tests, 
life tests, and step-stress tests. 

Circle 191 on Inquiry Card 

Plastics Catalog 

This condensed catalog lists general 
information about Synthane and its fab-
ricating services, as well as standards 
for Synthane laminated sheets, rods and 
tubes. Characteristics and properties of a 
few of the many grades of Synthane 
sheets are listed in a condensed table. 
Synthane Corp., Oaks, Pa. 

Circle 192 on Inquiry Card 

Piezoelectric Ceramics 
"Modern Piezoelectric Ceramics," 12 

pages, is illustrated with drawings, photo-
graphs and graphs and offers complete 
tech. data on Clevite's piezoelectric cer-
amics PZT-4, PZT-5 and Ceramic B. 
Charts and tables compare properties, il-
lustrate basic piezoelectric actions, list 
ceramic shapes available "off the shelf" 
and provide the reader with useful re-
ference guides to resonant freqs. and 
common MKS/English conversions. Also 
included is a bibliography on piezoelec-
tricity and piezoelectric ceramics. Clevite 
Electric Components, 232 Forbes Rd., 
Bedford. œdo. 

Circle 193 on Inquiry Card 

for Engineers. 

Power Transistors 

Tech, data on silicon power transistors 
with ratings to 30a and 300v is available 
from Westinghouse Semiconductor Div., 
Youngwood, Pa. Max. ratings for 36 
JEDEC types are presented in easy-to-
read tabular form. Typical characteris-
tics of the 2N1830-1833 and the 2N2130-
2133 series are presented in 8 graphs. 
Technical Data TD 54-662, pages 1 thru 
12 and 13 and 14 are offered. 

Circle 194 on Inquiry Card 

Bobbin Cores 
Catalog 21-1 introduces a completely 

new version Bobbin Core, said to be the 
first manufactured by automation. In-
cluded are explanation of process and ad-
vantages resulting from automated pro-
duction. Information on over 200 Bobbin 
Cores is included. Infinetics, Inc., Elec-
tro-Magnetic Div., 1601 Jessup St., Wil-
mington 2, Del. 

Circle 195 on Inquiry Card 

Noise Figure Discussion 
An 8-page Application Note defining 

noise figure and how it may be meas-
ured is available from Hewlett-Packard 
Co., 1501 Page Mill Rd., Palo Alto, 
Calif. Application Note No. 57 covers 
noise figure measurements with a signal 
generator; the noise source as a broad-
band signal generator; noise figure meas-
urements with an excess noise source; 
networks in cascade; and accuracy con-
siderations. 

Circle 196 on Inquiry Card 

Wire Wrapping 

Data is available on HarnessRAP a 
spiral wrapping for flexible electrical 
harnesses, cables or groups of leads or 
conductors. HarnessRAP is easy to ap-
ply ( twists on) and is easy to remove. 
Richco Plastic Co., 3722 W. North Ave., 
Chicago 47, Ill. 

Circle 197 on Inquiry Card 

Reed Relays/Choppers 
Three series of standard reed relays 

and special reed relays along with 
chopper series MCP are described in 
tech. data available from Wintronics, 
Inc., 1132 So. Prairie Ave., Hawthorne, 
Calif. Dimensional drawings, schemat-
ics, contact data and standard specs. 
are included. 

Circle 198 on Inquiry Card 

Superconductive Wire 

"Superconductive Wire," Data Memo-
randum No. 3, covers a new composite 
superconductive wire which has consider-
ably higher field strengths than solid 
zirconium-columbium wire and can be 
used at temps, as high as 18.5°K. Mate-
rials, size range and lengths are given 
for both and single and multiple sheath 
finish wire sizes and for single and mul-
tiple sheath redraw sizes for further 
conversion. Superior Tube Co., 1614 Ger-
mantown Ave., Norristown, Pa. 

Circle 199 on Inquiry Card 

Vacuum Equipment 

Ultek High Vacuum Equipment cata-
log, 60 pages, 2 colors, includes charts of 
ultra high vacuum pumps; electronic 
pump power supplies; sorption devices; 
connectors; valves and fittings; and high 
vacuum accessories. Comprehensive specs. 
along with photographs are also included 
on high vacuum octal feed through de-
vices; ultra high vacuum gate valves; 
bells, jars, guards and gaskets. A bibliog-
raphy of articles on high vacuum is also 
included. Ultek Corp., 920 Commercial 
St., Palo Alto, Calif. 

Circle 200 on Inquiry Card 

Power Supply 
Tech. data is available on the Model 

TVR040-5 Programmable DC Power 
Supply offering 0-40v and 0.5a. Complete 
specifications are included. Perkin Elec-
tronics Corp., 345 Kansas St., El Se-
gundo, Calif. 

Circle 201 on Inquiry Card 

Speed Control with SCRs 
Versatile adjustable speed controls for 

shunt dc motors using silicon controlled 
rectifiers and packaged control circuitry 
are described in Tech. Paper VTP-2, 
available from Vectrol Engineering, Inc., 
a subsidiary of Sprague Electric Co., 93 
Magee Ave., Stamford, Conn. Some 10 
circuits for motor control, together with 
complete tech, information on how to use 
them are included. 

Circle 202 on Inquiry Card 

Plastic Handbook 
This 16-page engineering handbook in-

cludes complete information on Spauld-
ing's various grades of laminates, copper 
dads, vulcanized fibre, fibre boards, 
transformer boards, insulation and gas-
ket papers, glass filament wound epoxy 
structures, as well as detailed data on 
Spaulding's value analysis se r vic e. 
Spaulding Fibre Co., Inc., 310 Wheeler 
St., Tonawanda, N.Y. 

Circle 203 on Inquiry Card 

Film Resistor Chart 
Mepco, Inc., 35 Abbett Ave., Morris-

town, N.J., is offering a wall chart list-
ing Mil-R-10509-D specification sum-
maries and environmental test limits for 
precision film resistors. The specs. sum-
mary lists Mil styles with wattage rat-
ings, tolerances, temperature coefficients, 
voltage, zero derating temps. and physi-
cal dimensions as spelled out in Mil-R-
10509-D. Printed in 2 colors on heavy 
paper, suitable for wall mounting. 

Circle 204 on Inquiry Card 

Impregnating Varnish 
Data Sheet 07-023 describes Dow 

Corning's 997 varnish, a silicone impreg-
nating varnish useable in 180 C and 220 
C insulation systems and as a moisture 
resistant cooling for motors, solenoids, 
transformers, and servos. Uses and prop-
erties are included. Dow Corning Corp., 
Midland, Mich. 

Circle 205 on Inquiry Card 
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Digital Modules 

This 80-page illustrated catalog con-
tains a comprehensive listing-of EEÇo 
T-Series and CT-Series transistorized 
digital circuit modules. Included are 
descriptions, spec. tables, schematic 
drawings, symbols, loading informa-
tion, and details covering related equip-
ment, as well as ordering and price in-
formation. Engineered Electronics Co., 
1441 E. Chestnut Ave., Santa Ana, 
Calif. 

Circle 206 on Inquiry Card 

Ceramic Capacitor 

Tech. data is available on general 
purpose VICI2 axial ribbon lead cer-
amic capacitor. Two types: VK 22 and 
VK 32, have unit capacitances from 
10 to 10,000pf with 10 and 20% toler-
ances and offer a package density up to 
1.5 million parts/cu. ft. in encapsulated 
assemblies. The units meet the require-
ments of Mil-C-11015C. Vitramon, 
Inc., P. 0. Box 544, Bridgepórt 1, 
Conn. 

Circle 207 on Inquiry Card 

Power Supplies 
Tech, data is available Fl Series DC 

Power Supplies which feature dc outputs 
from 1.0 to 5.0a from 5-7v to 34-36v in 
line of 16 models. Also included is infor-
mation on the F2 Series DC Power Sup-
plies featuring outputs of 1.0 to 5.0a at 
5-7 to 34-36v ( 16 models), a line regu-
lation of -±-10mv and load regulation of 
±.20mv. Scintillonics, Inc., P.O. Box 701, 
Ft. Collins, Colo. 

Circle 208 on Inquiry Card 

Synch ro Catalog 
This catalog containing Bureau of 

Weapons type synchros size 08 to size 
23 inclusive. It also lists the latest appli-
cable Mil specs, with specific designation 
for each particular unit; over 45 types 
are listed. Norden Div., United Aircraft 
Corp., Norwalk, Conn. 

Circle 209 on Inquiry Card 

Patching Systems 
Bulletin T-3 entitled, "Coaxial R.F. 

Video Patching Systems" describes, with 
numerous photographs and comprehensive 
specs., standard patching systems and 
accessories and miniaturized patching 
systems and accessories. Information is 
included: on metal and phetiolió jack 
strips, patch cords, and special accessor-
ies; and on the miniature patch panels, 
patch cords, special accessories and Type 
TPS gold mating connectors. Trompeter 
Electronics, 7238 Eton Ave., Canoga 
Park, Calif. 

Circle 210 on Inquiry Card 

Encapsulated Circuits 

Bulletin TB-300 includes tech. data on 
"milli-pak" encapsulated circuits. Units 
are available in a variety of configura-
tions and include such packages as 
matched diode pairs, quads, ring and 
bridge modulators, bridge rectifiers and 
millidiode gates. Clevite Transistor, Wal-
tham 54, Mass. 

Circle 211 on Inquiry Card 

Educational TV 

The uses of 2,000mc freq. band for 
instructional TV by local school districts, 
colleges and universities is discussed in 
a 10-page paper available from Adler 
Electronics, Inc., 1 LeFevre Lane, New 
Rochelle, N.Y. 

Circle 212 on Inquiry Card 

Cylindrical Design 

keeps Interference Filters 

Small, Light, Efficient 

Pioneered by the Sprague Electric Com-
pany in order to achieve the maximum 
reduction in physical volume and weight 
requirements, cylindrical-style radio in-
terference filters follow the natural shape 
of rolled capacitor sections and toroidal 
inductors. 

Threaded-neck mountings, for use on 

panel, bulkhead, or firewall, assure isola-
tion between input and output terminals, 
as well as a firm peripheral mounting with 
minimum impedance to ground. 

Sprague Cylindrical Interference Filters 
are of the popular low pass design, in-
tended for use as three-terminal networks 
connected in series with the circuits to be 
filtered. The excellent interference atten-
uation characteristics reflect the use of 
Thrupasse capacitor sections. 

Since maximum effectiveness of filter-
ing involves elimination of mutual cou-
pling between input or noise source and 
output terminals, these filters should be 

mounted where the leads being filtered 
pass through a shielded chassis or bulk-
head. The threaded-neck mounting gives 
a firm metallic contact with the mounting 
surface over a closed path encircling the 
filtered line and eliminates unwanted con-
tact resistance. 

Because military applications have fig-
ured prominently in the development of 
these filters, Sprague has many designs 
which can help equipment engineers to 
bring apparatus into compliance with 
the requirements of Specifications MIL-
I-6181, MIL-I-26600, MIL-I-16910, and 
MIL-I-11748. 

With an extensive "library" of proven 
cylindrical filter designs available as stand-
ard catalog items, one of these can prob-
ably solve your next interference problem. 
Or, if special circumstances dictate special 
designs to meet unusual interference, 
rating, or space problems, the Sprague 
Interference Control Field Service De-
partment is always at your service. 

For additional information, write for 

Engineering Bulletin 8100A to Technical 
Literature Service, Sprague Electric 
Company, 233 Marshall Street, North 
Adams, Massachusetts. 

Circle 130 on Inquiry Card 

Why use TWO 
when ONE 
will do? 

R 

C I 

MULTI-COMP PARALLEL RESISTOR-
CAPACITOR NETWORKS effect a 50% 
reduction in parts procurement, stock-

ing, inspection, installation. What's 

more, these tiny printed-circuit discs 

offer substantial savings in space and 

cost. 

Close electrical tolerances are no 

problem. Multi-Comps may be ob-

tained with resistance tolerances to 

j- 10% and capacitance tolerances 

as close as - . 

Multi-Comp R-C Discs are avail-

able in a variety of capacitance and 

resistance ratings- 500 y capacitors 

range from 5 ,u,uF to .015 ,uF; 12 y 

capacitors can be had from .01 ,uF 

to .33 µF; standard resistor rating is 

1/4  watt, with resistance values rang-

ing from 47 ohms to 50 megohms. 

For complete information write for 

Engineering Bulletin 6612A to Tech-

nical Literature Section, Sprague 

Electric Company, 233 Marshall St., 

North Adams, Massachusetts. 

SPRAGUE 
THE MARK OF RELIABILITY 

Circle 131 on Inquiry Card 
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-MI/UM 1.MM 

Field Effect Transistors 

This 16-page folder gives tech. data on 
a broad line of silicon planar transistors, 
field effect transistors, and special assem-
blies. Information covers differential am-
pliliers, fast and very fast planar satu-
rated switches, and small signal gen-
eral purpose devices. Folder available 
from Amele°, Inc., 341 Moffett Blvd., 
Mountain View, Calif. 

Circle 220 on Inquiry Card 

Harness Tying System 
The Ty-Rap system for tying, clamp-

ing and identification of harnesses and 
wire bundles is described in a 4-page 
folder available from The Thomas & 
Iletts Co., Elizabeth, N.J. The Ty-Rap 
system is a harness assembly method 
based on adjustable cable ties and straps 
made of Zytel type 101 nylon which is 
said to reduce fabrication time by 50% 
or more. 

Circle 221 on Inquiry Card 

Antenna Systems 
Photographs and data on large, precis-

sion antennas for satellite comniunica-
tions, target tracking, decoy discrimina-
tion, r a di oa st r on om y, telemetry, and 
space-communications rest.arch is avail-
able from Advanced Structures Div., 
Telecomputing,Corp., 5159 Baltimore Dr., 
La Mesa, Calif. 

Circle 222 on . Inquiry Card 

Semiconductor Tester 
Tech. (lata is available. on Fairchild's 

Series 500 Semiconductor Tester which 
features direct digital readout eliminating 
interpretation errors; simplified and quick 
digital programming; flexibility of test 
sequence and test types; and le ability 
to test transistors, diodes and zener 
diodes. Fairchild Semiconductor ( Instru-
mentation), 844 Charles Rd., Palo Alto, 
Calif. 

Circle 223 on Inquiry Card 

Potentiometer Catalog 
This 8-page engineering catalog is 

devoted to 1 potentiometer, the 15/16 
in. dia.. VW carbon composition pot. 
designated the Model 2 Radiolun®. En-
gineering Bulletin 42-1081 includes il-
lustrations and details dimensional 
drawings of 4 terminal types, 5 .mount-
ings, 10 shaft styles, and 5 switches 
that can be supplied. Complete elec-
trical, mechanical, and environmental 
specs, are included along with, left 
hand, right hand, and tapped resistance 
curves. Centralab, The Electronics Div. 
of Globe-Union., 900 E. Keefe Ave., 
Milwaukee 1, Wisc. 

Circle 224 on Inquiry Card 

Mounting Brochure 
Bullein No. 301 covering BTR (broad 

temperature range) elastomeric mount-
ings for avionic equipment is available 
from Lord Mfg. Co.. Eric. Pa. Included 
are dimension drawing-. capacities, de-
flection charts, transinisibility curves, 
and materials and finish,- specs. 

Circle 225 on Inquiry Card 

for Engineers. 

Photoelectric Scanners 

Bulletin XP contains c,nnplete details 
on explosion-proof photoelectric light 
sources awl photocell holders. They are 
designed to meet requirements for serv-
ice under Class 1 G r,,up D hazardous 
conditions. Scanning ranges, diniension 
diagram, . detailed parts drawing. Price 
list, and list of auxiliary equipment are 
included. Fariner Electric Pn,ducts 
Inc., feel Circle, Natick, Mass. 

Circle 226 on Inquiry Card 

Microwave Components 

g 12 entitled "Microwave C0111-
s," includes comprehensive descrip-

tions, characteristics, frequency charts. 
and full specifications on auenuators, pre-
selectors, directional couplers, power di-
viders, filters, monitor tees, dc shorts,. de 
blocks, signal samplers, 72tt components, 
tuners, terminations, crystal mounts, and 
crystal mixers. This 108-page catalog is 
available from Microlab, 570 W. Mount 
Pleasant Ave., Livingston, N.J. 

Circle 227 on Inquiry Card 

DC Solenoids 
Bulletin No. PRB-315, illustrated, 

.describes a line of over 3000 models 
of Standard Linear D.C. Solenoids. 
The 10-page bulletin, in addition to the 
tabulated spec. data, describes design 
criteria and procedures for selecting 
solenoids. Tee Magnetics, 7742 •Scout 
•Ave., Bell Gardens, Calif. 

Circle 228 on Inquiry Card 

PM Motor Design 

This 6-page engineering bulletin en-
titled, "Applying Indox Permanent 
Magnets to DC Motors" is available 
from Indiana General Corp., Magnet 
'Div., Valparaiso, Ind. Bulletin 40 con-
tains: performance curves showing 
differences in series; shunt and per-
• manent magnet field motors; general 
considerations for Indox ceramic mag-
• nets; magnetic circuit configurations; 
design information; and magnetizing 
and test equipment. 

Circle 229 on Inquiry Card 

Mercury Decontaminant 

Tech. data is available on HgX, a wa-
ter soluble metallic-mercury-sulphide con-
verting powder in combination with a 
chelating compound and dispersing agent, 
for protecting workers against mercury 
poisoning. Also offered is a wall chart en-
titled " Protection Against Mercury Poi-
soning" which lists 10 major points which 
should be watched when using mercury, 
plus a sectibn on antidotes. Acton Asso-
ciates, 1180 Raymond Blvd., Newark 2, 
N. J. . 

Circle 230 on Inquiry Card 

Epoxy Casting Resin 

Data is offered on Stycast 2651-40, 
easy to use, low viscosity, epoxy type 
casting resin with high adhesion to 
metals, plastics and ceramics. It is stable 
6' ni — 109 to 350°F. ,Emerson & Cum-

Inc.. Canton. Mass. 
Circle 231 on Inquiry Card 

Integrated Circuits 

"Signetics_ Condensed Catalog" gives 
iliarams, max. ratings and character-
istics on compatible functional elec-
tronic blocks: DTL NAND/NOR 
gate; DTI, Binary Element; a DTL 
Exclusive - OR Network; DTL Buf-
fer; Diode Array: and transistor cou-
pled NANI)!NOR gate. A second cat-
alog. " Signetics Process Control." de-
tails the 45 steps in the manufactur-
ing process via a flow chart, with 
microphotographs, cross - sectional 
drawings and precision masking, diffu-
sion, assembly process control and re-
liability testing photos included. Sig-
netics Corp., Integrated Circuits, Dept. 
3410, 680 \V. Mande Ave., Sunnyvale, 
Calif. 

Circle 232 on Inquiry Card 

Meter Calibrator 

Tech, data is available on the Twine° 
MC5500 Meter Calibrator which features 
a 0.2% accuracy full scale, 60 (or 50) 
and 400cpsisec.;- and features dc, ac, rius 
and ac average for accurate calibration 
for all types of meters. Twine° Inc., 9 
Erie Dr., Natick, Mass. 

Circle 233 on Inquiry Card 

High Voltage Diodes 

This 4-page paper entitled "Surface 
Stabilized High Voltage Diodes," covers 
high voltage single junction diodes cur-
rently manufactured with breakdown vol-
tages in excess of 1200v and. exhibiting 
reverse leakage currents in the 5ria• range. 
Also included is tech, data on microwave 
switching micro•diodes; a 300 mw zener 
micro diode; ultra-fast high conductance 
micro diode MC 7000; a 750 mw micro 
rectifier; and core driver micro diodes. 
MicroSemiconductor Corp., 11250 Playa 
Court, Culver City, Calif. 

Circle 234 on Inquiry Card 

Instrumentation 

Catalog ES-11 lists and describes a 
wide variety of instruments used in sound 
and vibration research and application, 
and in data analysis. The 20-page cata-
log covers 24 types of instruments': 
deviation bridges, a me:I-ohmmeter. volG 
meters, oscillators, a random-noise gen-
erator, filters, amplifiers, analyzers, spec-
trometers, level recorders, an a-f response 
tracer, a noise-limit indicator, standing-
wave apparatus, vibration-control equip-
ment, and accessory items. B & K In-
struments, Inc., 3044 W. 106th Sf., 
Cleveland 11, Ohio, 

Circle 235 on Inquiry Card 

Recessed R-F Receptacles 

Tech, data is available on recessed 
r-f receptacles, eliminating the usual 
"in-front" protrusion on instrument 
and equipment panels. The receptacles 
are available in 5013 and 75ft ConheX 
types and made with all standard sub-
miniature ConheN snap-on and slide-
on connectors. Sealectro Corp., 139 
Hoyt St., Mamaroneck, N. Y. 

Circle 236 on Inquiry Card 
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Heat Sink Applications 
This 18-page manual contains informa-

tion on heat dissipation. It presents basic 
principles of heat transfer and indicates 
the steps leading to the proper selection 
of a cooling system for critical electronic 
components. A nomograph is included 
which enables proper selection of heat 
sink models suited to any given applica-
tion. Astro Dynamics, Inc., 2nd Ave., 
Northwest Industrial Park, Burlington, 
Mass. 

Circle 213 on Inquiry Cord 

Glasses and Ceramics 
The first of a series of tech, brochures 

to help electric design engineers to keep 
abreast of new applications for glasses 
and ceramics is entitled, "Materials for 
Electronics." It describes glass that can 
be chemically machined into precision 
parts for electrical, and electronic uses. 
Tables lists mechanical and electrical 
properties as well as dimensional limita-
tions and tolerances. Corning Glass 
Works, Corning. XX. 

Circle 214 on Inquiry Card 

Crossguide Couplers 
Catalog NT 62 entitled, "Directional 

Crossguide Couplers," 12 pages, contains 
tables including RG waveguide vs. WR 
waveguide with waveguide reference, di-
mensions, electrical and mechanical data, 
characteristic curves, on grossguide cou-
lers WR 28, 42, 62, 75, 90; MDL A102 
and WR 112; WR137, 159, 187, and 284. 
Also included is ordering information. 
Microwave Development Laboratories, 
Inc., 15. Strathmore Rd., Natick Indus-
trial Centre, Natick, Mass. 

Circle 215 on Inquiry Cord 

Substrates 
Smooth-Strate® is a highly reliable 

substrate for use in micro-miniature, 
thin-film and integrated circuitry devices 
used in computer missiles and tracking 
devices. Information includes photo-
graphs, drawings, and table of properties. 
Electro-Ceramics, Inc., 2645 S. 2nd West, 
Salt Lake City 15, Utah. 

Circle 216 on Inquiry Card 

DC Supply Remote Control 
A detailed discussion of "Mhogram-

ming," a method of remote control of 
de power supplies, is available from 
Electronic Measurements Co.. Inc., 
Eatontown, N. J. This technique uses 
conductance as the control constant, 
rather than resistance, as with conven-
tional power supply programming. 
Fundamental circuitry, details, and 
practical aspects are covered in Bul.7 
letin 125. 

Circle 217 on Inquiry Card 

Telennetering Systems 
Information is available covering the 

capabilities of Datex Corp., Monrovia, 
Calif. Included are photographs and 
descriptions. Also included are technical 
data on: V-scan shaft position encoders': 
a temperature scanning and logging sys-
tem; and supervisory and telemeterhig 
systems. 

Circle 218 on Inquiry Card 

Silicon Chart 
This 11 x 17 in., 2-color chart shows 

"Resistivity vs. Carrier Concentration" 
by curves; available from MonoSilicon; 
Inc., 139 E. 157th St., Carclena, Calif. 

Circle 219 on Inquiry Card 

Announcing expanded range of 

Custom Metallurgical 
Processing Services 

available now to all users of 

Rod and Wire • Strip and Foil 

Standard and Special Alloys • Refractory Metals and Alloys 

High Temperature and Heat Resistant Alloys • Super Alloys 

New illustrated brochure describes: 

• Air and Vac(dim Induction Melting MI Vacuum Arc Meting 

• Isostatic Compaction MI Hot Rolling, Swaging and Drawing 

NI Cold Drawing Rod and Wire down to .0004" Diameter 

III Cod Rolling Precision Strip and Foil down to .0001" 

• Metallurgical Research and Development 

Wrfte for your 
FREE copy 
today I 

Complete integrated facilities plus more than 50 years of specialized experience 
in developing and producing a wide variety of custom quality alloys in rod, wire, 
strip and foil form assure controlled uniformity of physical properties and fine 
dimensional accuracy to meet your most criticel requirements. Write today! 

JTh (Q) 
MANUFACTURING COMPANY • 4445 LAWTON, DETROIT 8, reicri. 

Producers of Custom Quality Resistance, Resistor, Thermoelectric and Mechanical Alloys Since 1905 
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EXPANSION OF INTEGRATED ELECTRONICS PROGRAMS 
CREATES NEW OPENINGS FOR TOP LEVEL SCIENTISTS 

AND ENGINEERS AT DELCO RADIO 
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DELCO'S accelerated research effort in the exciting field of 
integrated electronics has created an urgent requirement for 
Ph.D.'s in physics—physical chemistry—metallurgy—and 
mathematics. Also, openings exist in this area for: M.S.— 
chemistry; M.S. (EE)—with good background in circuit anal-
ysis; M.S.—mathematics; B.S.—physics, chemistry, metal-
lurgy and electrical. 

Integrated electronics investigations at Delco are pursued 
in the new Research and Engineering center, where you'll find 
laboratories equipped with the latest in sophisticated research 
facilities. And, the recently completed semiconductor manu-
facturing center features unexcelled capabilities for the pro-
duction of electronic devices. 
Within these outstanding facilities exists an atmosphere of 

professional freedom where individual initiative and ability 
are respected and encouraged. Here, scientists and engineers 
of unusual competence are pioneering in the research, devel-
opment, and production of such solid state devices as very 
high power transistors . . . rectifiers . . . modules . . . static 
power supplies . . . static machine controls . . . computers . . . 
mobile communication equipment . . . and the field that's full 
of Delco firsts—automotive radio design and development. 
Major expansion in device development has created additional 
opportunities in all disciplines: 

solid state electronics• 

DELCO RADIO 

DIVISION OF 

GENERAL MOTORS 

KOKOMO, INDIANA 

An equal opportunity employer 

• SEMICONDUCTOR DEVICE DEVELOPMENT— 
BS in Physics, Metallurgy or Electrical Engineering; 

minimum of 2 yrs. experience in high current silicon rectifier 
development; must be capable of developing these devices 
and maintaining technical responsibility through pilot pro-
duction. 

• PHYSICISTS, CHEMISTS AND METALLURGISTS 
For semiconductor device development; experience in 

encapsulation, alloying and diffusion, chemistry of semicon-
ductor devices, materials (to lead a program on metallurgical 
research of new semiconductor materials). 

• ELECTRONIC ENGINEERS— 
Experienced in machine controls (relay and 'or static) 

to assist in the development and application of static transis-
torized controls. 

• TRANSISTOR PROCESS ENGINEERS — 
AlEs to develop and create new processes for manu-

facturing germanium and silicon semiconductor devices and 
to develop automatic and semi-automatic fabrication equip-
ment. Experience preferred. 

If you're looking for an opportunity to fully exercise your personal 
talents ... among men of similar ability ... in unmatched facilities 
...then let us hear from you. Send your resume to the attention of 
Mr. Carl Longshore, Supervisor Salaried Employment. 

224 Circle Number 801 Professional Profile page 226 ELECTRONIC INDUSTRIES • January 1963 



Reporting late developments affecting the 

employment picture in the Electronic Industries 

NSF SEEKS TEACHERS 

FOR SUMMER RESEARCH 

The National Science Foundation is 
seeking some 700 applicants anmng the 

nation's science teachers for summer 
research prg grains which begin 
this Jtille at <.)0 colleges and universi-
ties throughout the country. 
The programs range in length from, 
to I?. weeks, and provide stipen-

tS75 per week for pre-doctoral par-
ticipants, $ 100 per \veek for post-(1g)c-
torals), dependency- and travel allow-
ances. 
About 40 institutions \ill have 

places for 300 high school teachers. 
More than 50 will provide opportuni-
ties for nearly 400 college teachers. 
Teachers will work alongside experi-
enced scientists conducting research 

normally conducted at the respective 
institutions, 
For further information including 

lists of participating schools projec-

tive applicants should write the Na-
tional Science Foundation, Special 

Projects, Science Education Section, 
Washington 25, D. C. Application 
blanks may be obtained from partici-
pating institutions. Deadline for re-
ceiving completed applications Nv ill be 

about Eeb• 

PATENT OFFICE 

ESTABLISHES ACADEMY 

Comini›,i,iler of Patents David L. 
Ladd has established a Patent Office 
Academy to step up training of patent 
examiners. Ife appointed George 
Hyman, Jr., a career Patent Office 
employee, as its director. 
The Academy is located in the Dis-

trict Natigmal Building. 1406 G Street, 
N. W.. Washington. 1). C. Its estab-
lishment was part of a continuing se-
ries of moves in line with recommen-
dations made in a management survey 
of the Office. 

FOR MORE INFORMATION . . . 
on opportunities described in this sec-
tion fill out the convenient resume 
form, page 226. 

Design Engineers 

Development Engineers 

Administrative Engineers 

Engineering Writers 

Physicists 

Mathematicians 

Electronic Instructors 

Field Engineers 

Production Engineers 

Computers Are Key to U. S. Business Survival, 
Honeywell President Advises DPMA at Conference 
Eaced with rising wages and shorter working- hours at home, and increasing 

conipetition from abroad, .\merican business must rely more and more on com-

puters for processing data if it is to survive and profit, Walter W. Einke, 
['resident of I loneywell Electronic Data Processing, warned the 1)ata Processing 
Ittnagement Association' , South Central Conference. 

nuke said the accelerated rate of 
electronic data processing applications 
would have no adverse effect on em-
ployment. Ile acknowledged that com-
puters cause job displacements, but 

pouted out that this is one of their 
prime purposes, "Computers displace 
many costly, time-consuming clerical 

tasks that have constantly plagued and 
limited the efficiency of American busi-
ness," Einke stated. 

The keynote speaker added that 
computers create more and better jobs 

in new and expanding industries. As 
an example. Einke called attention to 
the rapidly growing aerospace indus-
try which, though in its infancy, "has 
already created thousands of new job 
opportunities." 

Recent estimates indicate that the 
computer industry alone has accounted 

for over a million new jobs. This total 
includes assembly, testing, sales, serv-
ice and programming personnel, as 
well as those engaged in manufactur-

ing components, he said. 

Finke told DÉMA members that it 
was time to stop apologizing for the 
computer. As the heart of electronic 
data processing, the computer "has 
made possible an infinite extension of 
man's ability to comprehend, control 
and forecast," he said. 

Computers will also have a more, cf., 
fective role in managing and reduc-
ing•inventory for American business, 
Einke said, If management (-1,11111 re-
duce inventories by just 10'; , business 
would have an increase of working 
capital of nearly six billion dollars, he 

said. fle added that a 10r.reltiction 
Was not unreasonable in light of what 

some organizations have accomplished 
by Imtting computers to work on the 
problem. 

TV ENGINEERING EDUCATION 

From this Rhode Island Univ. classroom in 
Kingston, R. I., regularly scheduled graduate 
engineering lecture is beamed via TV to 
Raytheon Anti-suumarine Warfare Ctr. It 
is 17 miles across Narragansett Bay in 
Portsmouth, R. I. Dage closed-circuit, 700,-
line resolution TV camera, Raytheon micro-
wave relay equipment and two-way intercom 
make class possible for Raytheon engineers. 

LABOR DEPT. TRAINING 

400 ELECTRONIC WORKERS 

The Labggr Dept, has approved a 
program to train 400 unemployed Du-

luth. Minn., electronics workers under 
the Area Redevelopment Act. 

The workers, mostly women, will be 
given a three-week course as electron-
ics assemblers and empl,,yed by Duluth 

Avionics Corp., a divi-ion of Litton 
Systems, Inc. The training will be 
given at the Duluth Area Vocational 
School. 

This is the second such program ap-
proved for this plant. 

U. S. INVITES BIDS 

ON MICROWAVE NETWORK 

The Bureau of Reclamation, U. S. 
Dept. of the Interior. has invited con-
tractors to bid on installation of a com-

plete multi-channel in radio 
system to serve the power system of 
the Colorado River Storage Project. 
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The ELECTRONIC 

Name 

1 ...n- 

INDUSTRIES 

Err-ruic 

Job Resume 

• Professional Profile 
Form for Electronic Engineers 

Tel. No. 

Street 
Address /i,n, 

City State 

E Single E Married r) Citizen E Non-Citizen Date of Birth 

Will Relocate D Yes D No. If Yes D Another City [1] Another State 

Salary Desired to Change Jobs in present area • 

Salary Desired to Change Jobs and relocate in another area 

Professional Memberships 

College or University Major Degree Dates 

RECENT WORK EXPERIENCE 

Company [)[ v or 1),,j,t. TItlo Dutu s 

SIGNIFICANT EXPERIENCE AND OBJECTIVES 
STATE ANY FACTS ABOUT YOURSELF THAT WILL HELP A PROSPECTIVE EMPLOYER EVALUATE YOUR EXPERIENCE 

AND JOB INTERESTS. INCLUDE SIGNIFICANT ACHIEVEMENTS, PUBLISHED PAPERS, AND CAREER GOALS. 

Mail to: ELECTRONIC INDUSTRIES—Profèssional Profile-56th & Chestnut Sts.—Philadelphia 39, Pa. 
This resume is confidential. A copy will be sent only to those Companies whose number you circle below. 

800 801 802 803 804 805 806 807 808 809 810 
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As A TECHNOLOGICALLY-BASED BUSINESS, I suppose 

our firm must be considered reasonably successful. 

At least our present $240-million per year level is 

more than 100 times our volume in 1946, the first 

post-World War II year. Much of this growth can 

be attributed to products created as a result of our 

own R&D efforts. Yet, I can think of no more appro-

priate introduction on the role of R&D in future 

profits than the simple statement that I am convinced 

that while the relative effectiveness of R&D may be 

quite satisfactory, the absolute effectiveness is often 

low. When I look at our successful R&D efforts, I 

recognize how important indeed these have been to 

our growth and profitability. But then I compare 

these with the funds and professional hours of effort 

wasted so far as important results are concerned. I 

can only conclude that we have yet to write most of 

the book on how to use R&D to assure maximum 

future profits. 

There are some things that I think I have learned 

about a technologically-based company and about the 

relationships of R&D. First, we exist to create, make, 

and market profitably useful products and services to 

satisfy the needs of our customers. It is very easy to 

become enamored with the idea of R&D for its own 

sake and to pursue goals which, relate more to the 

need for intellectual exercise than to the needs of the 

company. Or, at the other pole, the pursuit of proper 

goals by R&D teams which simply do not have the 

intellectual and creative competence to handle the 

difficult problems involved. 

Strategy & Tactics 

I believe both these faults are the responsibility of 

general management. I am coming to believe that all 

R&D in an industrial organization ought to be delib-

This article is abstracted from a presentation made by Mr. Haggerty 
at the National Electronics Conference, Chicago, Ill., on Oct. 9, 1962. 

THE ROLE OF R 

IN FUTURE PROFITS 
How much does R & D affect a company's profits? 

How much should it affect them? 

How much should be directly related 

to a company's profits? 

Here are some observations by the Chief Executive 

of a successful electronic firm. 

erately categorized as either ( 1) frankly exploratory 

or (2) tactics in fulfillment of a clearly expressed, or 

at least understood, company strategy. If it's not one 

of these two, don't do it. Further, the exploratory 

work must be done to create a specific kind of knowl-

edge which will directly or indirectly lead to new or 

improved ( 1) strategies or (2) tactics in fulfillment 

of strategic plans already laid. 

Strategy selection bears heavily upon top manage-

ment. Of course, much strategy and more tactics 

come into being almost automatically simply because 

you are in business; but I am afraid that far too large 

a percentage of the time, this is all the strategy and 

tactics for which we, as managers, can claim credit. 

Strategies come in all shapes and sizes. There can 

be "hold the line" strategies, "modest gain" strat-

egies, and "breakthrough" strategies. They all have 

their proper place in the management of a business; 

but, it is highly unlikely that any of them will have 

a major impact on the company. Unless, of course, 

just that is inherently built into the strategy in the 

first place. 
Of course, a prime problem is that most strategies 

consume many years from conception to the point 

where one can state with certainty that the strategy 

is working, and the profits produced from it are ade-

quate to justify the time and effort expended. We 

are engaged in two R&D programs which look as 

though they will be completely successful examples 

By PATRICK E. HAGGERTY 
President 

Texas Instrumunts Incorporated 
Dallas, Texas 

• 
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PROFITS AND R&D ( Continued) 

of tactics carried out in a "breakthrough" strategy: 

Both strategies were initially expressed between five 

and six years ago and specific R&D programs intro-

duced shortly thereafter. While we feel relatively 

confident of both our strategy and our tactics, it will 

be two more years before profits will flow from our 

investment in time, effort and money, and live more 

years before we ‘vill be able to state with certainty 

that both the strategy and the tactics were successful. 

How Much Money? 

How much money should a firm spend on R&D ? 

Can it be specified as a fixed percentage of sales 

billed ? With regard to the two categories of research 

and engineering I have suggested, I believe that the 

frankly exploratory R&D can and should be. limited 

to a specific percentage of sales billed. For our kind 

of company. I would suggest that somethiug between 

) y2  of 1% and 1% of net sales billed may be about 

right, although your programs are going to have to 

be good; your people topnotch ; and your organiza-

tional discipline high to approach constructively the . 

upper limit. 

Exploratory research is necessary. It can contrib-

ute in a major way to the understanding of new tech-

nology which will help to lead to new strategies or 

new tactics. As long as those responsible remember 

that this is why we do exploratory research, the work 

can often serve as the requisite " ticket of admission" 

to that of other organizations whose work may actu-

ally be more pertinent to the establishment of new 

strategies W;.tactics than that in one's own labora-

tories. Thus far, I have no firm feeling as to what 

proportion of one's R&D-determined strategy or tac-

tics should flow from one's own exploratory R&D. 

The sum total of exploratory research done at 

other industrial organizations, research institutes or 

universities is so much greater than one's own firm 

can perform that it seems almost inevitable that most 

strategic and tactical programs must evolve from ex-

ploratory R&D done outside. At the same tinte, one 

can't help lint feel that where strategy and tactics do 

result from one's own exploratory R&D, an advan-

tage should exist for the firm which ought to con-

tribute to the maximization of future profits. 

It is much more difficult to make any meaningful 

statement as to what percentage of sales billed ought 

to be devoted to tactical R&D programs in pursuit 

of company strategy. If the strategy is indeed a 

breakthrough strategy, the success of which will have 

a major impact on the company's growth and profits, 

then almost inevitably at some point, the efforts 

devoted and expenditures involved to bring it to a 

critical level will be very large, sufficiently so as to 

affect company profits over one or more years. When 

that happens the company's management had better 

be pretty determined about the propriety and effec-

tiveness of the strategy and tactics being followed. 

and, furthermore, they had better be right, because, 

if not, they are probably not going to be the com-

pany's top management in the near future. Of course. 

if a company is big enough it may, under most cir-

cumstances, get a sufficient distribution of the peaks 

of costs produced by these large scale tactical R&D 

programs to allow a relatively consistent expenditure 

for tactical R&D as a percentage of sales. But, this 

isn't even necessarily true for the very large compa-

nies. 

Reasons for Few Successful Programs 

Earlier, I said that we have relatively few really 

successful tactical R&D programs which could be 

clearly identified as having a major impact on com-

pany growth and profits and that I thought there 

ought to be more. What are the reasons there haven't 

been more? 

1. First, not enough breakthrough strategies . . . 

strategies deliberately designed to have a major 

impact on the firm if successful. These are tough 

to conte by. They demand a concentration and a 

commitment on the part of management just where 

the risks are highest and the future haziest. Of 

course, not all strategies of a breakthrough nature 

necessarily invoke major R&D successes. The key 

factor, for example, might be a different marketing 

approach. But R&D cases, the Chief Executive of 

a company must receive not just information, but 

inspiration from those in his management respon-

sible at top levels for the R&D direction of his 

company. 

2. Secondly, we've not only generated too few 

breakthrough strategies ; we also have had inade-

quate strategies or strategies which. while perhaps 

adequate in concept, were inadequately communi-

cated and understood and, finally. some of the 

strategy has been just plain wrong. 

3. While we have often been deficient in our strat-

egies, we have far more often failed to establish 

adequate tactical R&D programs to fulfill rela-

tively well stated and communicated strategies. 

This perhaps is not surprising since it is here that 

one must define exactly how he intends to carry 

out the strategy. It is always tough to convert the 
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bright dreams of strategy to the real stuff of feasi-

ble R&D effort. On the other hand, much of the 

time the effort is not really made and R&D ‘vork 

is done because of the interest of individuals or in 

pursuit of bright ideas which are unquestillnably 

just that and may be successful in the sense of 

paying for themselves. but still do not contribute 

to the fulfillment of the organization's basic strat-

egies. R&D sometimes is also done because the 

organization is,. in a certain posture: it has been 

pointed in a direction as a result of its past and 

it just keeps on doing the same things. And then. 

of course. one can fail because even thenigh he has 

selected a tactical program, he turns out to be 

wrong and the means chosen were simply not the 

proper ones. This is often, lmt not always a direct 

consequence of the next major source of failure. 

4. The dearth may derive from inadequate profes-
sional personnel. They may be inadequate because 

they are being asked to work in the wrong field. 

They may be inadequate because their training is 

Ferromagnetics research is one of many programs underway 
in the Physics Research Laboratory at Texas Instruments 
Incorporated. In this working simulator of the internal 

not of the depth required. They may be inadequate 

because they themselves simply do not have the 

mental equipment to use the tools with which they 

llave been equipped. Finally, they may be inade-

quate because they are just not interested enough 

in the acconiplishment (4 the specific program to 

make it work. 

.\ 11 of these categories of failure are really manage-

ment failures. This is why 1 believe the entire elec-

tronics industry is management-limited. Ninv, I 

hasten to add that the management in the electronics 

industry is inferior to that in other industries. What 

am saving is that both the sheer quantity of vari-

ables which must be .considered and the rate of change 

of these variables are so high that I am convinced the 

absolute level of our organizational and managerial 

effectiveness is very low. 

Conversely, of course, this means that there is 

room for a great deal of improvement, and I hope 

Inv observations will in a small way at least suggest 

ideas which will contribute to that improvement. 

magnetic interaction within a film, rotating dipole 
permanent magnets within a magnetic field switch inde-
pendently as their base plane is rotated by engineer. 



um Pinlees 
R 

World's Smallest Lamps 

ette "THUMB-THING" 
Pinlite Test Component 

Consists of a Kay Pinlité embedded 
in a clear plastic container, together 
with a microminiature battery and a 
switching arrangement. Provides en-
gineers with a practical, easy-to-handle 
method of testing Pinlites. Battery is 
easily removed, exposing two sturdy 
leads which can be connected to an 
external power source or test signal. 

Two models are available: "Thumb. 
Thing" Model 15 (includes Pinlite type 
15-15, axial leaded 1.5v., 15 Ma) and 
Model 12 (includes Pinlite type L 12-12 
lens type 1.2v., 12 Ma). Prices: $10.00 
including battery and Federal Excise Tax. 

KAY /Wile Model Lens 
Microminiature Spotlight 

Measuring .080" in length by .030" in 
diameter, Kay Pieta() Model Lens is 
designed to intensify and project its 
incandescent light .to provide a micro-
miniature spot with up to ten times 
the intensity in the direction of 
the beam. 

SPECIFICATIONS 1.T1ly2e-e1122 Type L15-30 

Operating Voltage (volts) 1.2 
Operating Current (milliamps) 12 
Total Light Output (millilumens) 50 
Diameter (inches) .030 
Length (inches) .080 
Life Expectancy (hours) 
Sampling Quantities 
Quantity Prices 

1.5 
30 
160 
.030 

1000 1.000 
$5.00 each 

Down to $1 75 each 

liclirtr Mlles 
For use as: Transistor Indicator • Micro-
wave & UHF Noise -Source • Microwave & 
UHF Bolometer • Audio Light Modulator 
• Readout Devices • Optical Point Source 
• Medical 8. Industrial Light Probe • Meter 
Pointer & Scale Illuminator • Remote Elec-
tronic Attenuator • Audio Modulation 

//ityllte 
STANDARD I tli“ SPECIFICATIONS 

Operating 
Voltage 
(Volts) 

Operating 
Current 

(Milliamperes) 

TYPE 
15-15 

Standard 

1.5 

15 

TYPE 
13-7 

Lowest 
Power 

1.35 

6.75 

TYPE 
30-30 
Higher 
Light 
Output 

3 

30 

Sampling $4.75 
Quantities each 

— Delivery  From stock 

Quantity Prices Down to $2.00 ea. 
All priern subject to 105 Federal Excise Tax 

$7.95 $4.00 
each each 

Write for Complete Pinlite® Information 

PINLITE DIVISION 

um, 
ELECTRIC COIN IP/11111, 

Old Bloomfield Ave., Pine Brook, Morris County, N. J. 
Dept. E I -1 CApital 6-1148 

Circle 24 on Inquiry Card 

INVENTIONS NEEDED 

BY THE GOVERNMENT 

Over 300 inventions in every field of 
science and technology needed by Fed-
eral agencies are listed and described 
in "Inventions Wanted by the Armed 
Forces and Other Government Agen-
cies," released by the National In-
ventors Council, U. S. Dept. of Com-
merce. The publication is available on 
request. 

Some of the inventions wanted in 
the electronics and instrumentation 
fields are: 

—High gain communications anten-
nas for vehicles or aircraft. 

—Way to reduce the size and in-
crease radiating efficiency of VLF an-
tennas. 

—Use of backscatter to determine 
antenna patterns. 

—Miniaturized antenna for space. 

—High temperature resistant (up 
to 5000°F) dielectric material for use 
in missile antenna systems. 

—Method for visually displaying 
distribution microwave fields in wave-
guide transmission lines. 

—Low loss microwave delay line. 

—Methods for non-destructive test-
ing of electronic parts. 

—Reliable 6Y8 in. r-f switch 'for use 
when very high power is used. 

—Electrically and atoustically silent 
dc motor. 

—Feed-back potentiometer for use 
in the high temperature ( 1000°F) en-
vironments associated with missile 
servos. 

—Supersensitive audio amplifier. 
—Solid state C-band CW microwave 

source which would replace the klys-
tron oscillator tube used in most micro-
wave receivers. 

— Semiconductor cathode follower 
with a minimum impedance of 1000 
megohms, an output of 100ma, and a 
1 min. time constant. 

—Compact, tunable microwave fil-
ters. 

—Ultra-stable, fast-tunable source 
of microwave energy; and a source 
with 25% of 75% efficiency. 

— Improvement in contactless elec-
tronic switching. 

—Digitalized video signal transmis-
sion system for a conventional closed 
circuit color TV signal. 

—Sonobuoy systems capable of ac-
curate localization of targets. 

—Equipment using new methods for 
long range detection, classification, and 

localization of underwater targets. 

—Low light level TV camera, for 
detecting submarines. 
—Tracking device for range telem-

etry of a missile test range which uses 
the principle of electronics for acquisi-
tion and display of missile flight test 
data. 
— Miss-distance indicator for tor-

pedo-submarine encounters. 
—Study of the application of pulse 

compression techniques to active sonar 
devices. 
—Airborne moving target indicator. 
—Missile velocity measuring device. 
—Method of attaining and main-

taining low r-f transmission loss prop-
erties in concrete over entire radio 
frequency spectrum or a suitable low 
cost material for substitution. 

—Inertial reference gyro. 
—Method for continuous physio-

logical and biochemical monitoring of 
pilot conditions during high altitude 
test flights. 

—Indestructible device to record 
data in aircraft accidents. 
—Anti-collision device for aircraft 

that signals the pilot when evasive ac-
tion . is required. 

—New method of measuring air-
speeds for airplanes to eliminate posi-
tion error. 

— System in conjunction with 
TACAN to provide the intercept pilot 
with a cockpit "go home" indication. 

—A quick way to measure gyro-
scope drift rate when the rate is 0.001 
in./hr. or less. 

—Automatic pilot for terrain clear-
ance. 

—Inertial general purpose guidance 
system. 

— Guidance system for mobile-
launched missiles. 

—Inertial navigator to measure dis-
tance along missile trajectory. 

—Analog scanning of display sur-
faces. 

—Digital output transducers. 

— Anti-submarine warfare computer 
for locating submarines. 

—Transducer for digital readout. 

—Improved meteorological detect-
ing, measuring, transmitting, and re-
cording instruments for use at air-
fields. 

—Equipment which will aid a 
searcher in an aircraft to a target in 
the water. 

—Extension of the detection range of 
magnetic anamoly detectors ( MAD) 
to increase the capability of ASW air-
craft. 

—Overload rating transducers. 
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controls elgineers systems analysts 

where do yoti 
fit in the 
space picture? 

Today, the design and development of space systems, 
vehicles and weapon systems is achieving an even 
greater degree of importance than before. Expendi-
tures are increasing. The pace is being stepped up. 

Hughes Aerospace Divisions are expanding with each 
of these progressions. Important projects such as 
MMRBM (Mobile Mid-Range Ballistic Missile — 
Integration, Assembly & Checkout), TFX(N) Elec-
tronics, SURVEYOR, SYNCOM, BAMBI, VATE, 
are now underway. Others will begin soon. This 
expansion is producing new, challenging assignments 
which never existed before. You can now be a part 
of, and benefit from, Hughes further expansion into 
the space age. 

If you hold a degree from an accredited university 
in Mechanical Engineering, Electronic Engineering or 
Physics, are a U. S. citizen and have experience or 
interests related to Aerospace Vehicles or Weapon Sys-
tems, you can qualify. A few of the openings include: 

Inquire today. Fit yourse.f into the space picture at Hughes. 
Please airmail your resume to: 

Mr. Robert A. Martin 
Head of Employment 

Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 9, California 

We promise you a reply within one week. 
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Coru..crl,s computers 
and other centrois related 
areas for: missiles and 

space vefqcles, satellites, 
radar tracl-irg, control 
circuitry, controls systems, 
control technigJes, 

transistorized equalization 
networks end cuontiol 
servomecnanisms. 

circuit designers 
Involves analysis and 
synthesis of systems for: 
telemeterirog aid command 
circuits fcr space vehicles, 
high effic ency power 
suppres for al-oorne and 
space electroric systems, 
space command soace 
television guidance and 

control system, ard 
many others. 

lú CriV,Siiii‘:2.1- such basic 
erebrems as the require-
ments of manned space 

flight; automatic target 
-ecogidtion requirements for 
unmanned satellites or 
high speed strike 
•-econnaissance systems; 
IR syslems requirements 
for ballistic missile defense. 

infrared specialists 
to pecform systems 
analysis and preliminary 
design in infrared activities 
involv.ng satellite detection 
and icentification, air-to-air 

AICBM, infrared 
range measurement, 
air to-air detection search 
sets, optical systems, 
de-'.ection cryogenics 
and others. 

Creatng a 17.?tm world with electronics 

HUGHES 

HUGMES AIRCRAFT COMPANY 

AEROSPACE DIVISIONS 

Ar i ecual opportunity employer. 
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Ueff il e 

George W. Leisz—named Vice Presi-
dent atol ( Ieneral Manager, Inertial 
Navigation Product Div.. Autonetics, 
a division of North American Aviation, 

Inc., 1>owney, Calif. 

Harry A. Miller—appointed Vice Pres-

ident, Operations. Electronic Fittings 
Corp., Danbury, Conn. 

Robert W. Smith—named Marketing 

Manager, Magnetics Div., Microdot, 
Inc., South Pasadena, Calif.: Richard 

Ronald—named western Regional Sales 
Manager for connector products. 

Donald N. Yates—elected Vice Presi-

dent of Raytheon Co., Lexington, 
:\fass., and appointed General \tan-

ager of its Missile & Space Div. 

George M. Heffner—appointed Sales 

Manager. Microwave Components & 

Systems Corp., Monrovia, Calif. 

Eugene A. Holmes III—named Vice 

President and General Manager, Semi-

conductor ...v., Il o.IT. man Electronics 

Corp., Los Angeles, Calif. 

E. A. Holmes III I. Mihalic 

John Mihalic — named Group Vice 
President. Av co Corp.. Cincinnati. 
Ohio. 

Donn S. Randall—appointed Assistant 
to the President. Antenna Systems. 
Inc., flingham. Mass. 

James R. Rountree — named District 
Sales Engineer, Sola Electric Co., 
Los Angeles, Calif. 

Dan Harris - named Advertising and 
Sales Promotion Manager. Industrial 
Electronic Engineers, Inc., North 1101-
lywood, ( alif. 

Jack M. Gutzeit — appointed Eastern 
Regional 1)i t ri but tor Sales \lanager 
International Rectilier Corp.. El Se-

gundo. Calif.: also Don S. Prescott, 

Jr.,— appointed Assistant Distributor 

Sales Manager. 

Thaddeus L. Dmochowski—named Ex-

ecutive Vice President. Information 
Systems I)iv., International Teleplome 

and Telegraph Corp.. New York. N. 

Y.: Arthur G. Williams—named Vice 
President. ITT Europe. Inc. 

William F. Cairns, Jr.—named Execu-
tive Vice President and Vice Presi-

dent, tlanuifactnmin.. Max son Elec-
tronics Div., \Iaxson Electronics Corp., 
New York. N. Y.: Murray Simpson— 
named Vice President, Research and 
Development. 

John B. Cowen --- named President. 
Aerojet-General Internati,wal Corp., 
Paris, France. Aerojet-General also 
announces the following appointments: 
Vice Admiral Robert B. PiHe- -named 

Executive Assistant to the President: 
also Col. Langdon F. Ayres—II:mug' 
Ai -' tant to the Executive Vice Presi-

dent. 

John L. Lombardo — appointed Gen-
eral Manager, lIeneral Dynamics/ 
Electronics. San Diego, Calif. 

Robert T. Means -- named Special 
Pribducts Sales Manager, CTS Corp., 
Elkhart, Ind. 

George A. Grossman---appointed Sales 
Manager. Cleuite Transistor, Clevite 
Corp., Cleveland. Ohio. 

•.4 

G. A. Grossman L. J. Torn 

Lawrence J. Torn — appointed Vice 

President. II arman - Kardon, Inc., 

Plainview, N. Y., subsidiary of the 

errold Corp. 

Dr. E. T. Ferraro--appointed Director 

of Logistics, General Precision Equip-

ment C(011., Tarrytown, N. Y. 

Richard W. Shaughnessy — appointed 

I / istributor Sales Manager. Ilendix 
Semiconductor Div., I lohndel, N. J. 

F. D. Hudson—appointed Latin Amer-

ican Sales Manager, Cornell-Dubilier 

Electronics Div., Federal Pacific Elec-

tric Co.. Newark. N. .1. 

John M. Britton—appointed Manager, 

Dayton, Ohio, office, Hughes Aircraft 
Co. 

Robert A. Elliot—appointed Marketing 
Manag:er, Variable Resistors, Cen-

tralab, The Electronics Div. if Globe-
-Union. Inc., Milwaukee. \Vis. 

John E. Doane — named Distribution 

Sales Manager, Transitron Electronic 
Corp., Wakefield, Mass, 

Donald W. Fuller—elected Vice Pres-

ident of Engineering. Redctur Corp., 

Canoga l'ai-k. Calif. • 

Dr. William E. Shoupp and Dr. Sidney 

Krasik—named Vice Presidents. West-

inghouse Electric Corp., Pittsburgh, 

l'a.; U. W. McDaniel—named Sales 

Managuir. Westinghouse Semiconduc-

tor Div., Youngwood, l'a.: D. P. Del 
Free — appointed Magnetic Products 

Sales Manager. Materials Mfg. Div., 

Blairsville. l'a.: Robert M. Harris— 
named Assistant .Nlarketing Manager. 

Large Lamp Dept., Lamp Div., Bloom-
field, N. J. 

H. Kenneth Ishler—appointed General 

Manager, Transistor Div.. Sprague 

Electric Co.. Concord. N. li. 

Albert O. Schmitt — appointed Sales 

Manager, :\i Research Manufacturing 

Div., The Garrett Corp., Phoenix, Ariz. 

Bernard Mark—appointed Distributor 

Sales Supervisor, Alpha. Wire Corp., 

New York, N. Y. 

eik 
B. Mark E. H. Tingley 

Eugene H. Tingley—appointed Vice 
President, Sales and Advertising, 

Fusite Corp., («incinnati, Ohio. 

L. G. Crawford—appointed Industrial 
Sales Manager. J. W. Miller Co., Los 
Angeles, Calif.: G. E. Hall—appointed 
Distributor Sales Manager. 

J. F. Johnson — appointed Marketing 
Manager, Micro-Radionics, Inc., Van 
Nuys, Calif. 

L. L. Smith—appointed Eastern Area 
Sales Manager. Motorola Semiconduc-

tor Products, Inc., -Phoenix. Ariz. Mo-
torola Semiconductor also announces 
thy following appointments: Donald 

R. Lupfer—appointed Fastcru Area 
Distributor Sales Manager: George F. 
Weiler—named Midwest Regional Dis-
tributor Sales Manager: Charles P. 
Shaw — appointed Western District 
Sales Manager: Herbert I. Ackerman 
and Robert Burns—named Eastern Re-
gional Sales Managers. Willard Ross— 
named Teleploune Market Sales Man-
ager, Motorola Communications and 
Electronics, lite., Dallas, Tex. 
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Gordon M. Moodie—named President, 
Electric Typewriter Div., Internation-

al Business Machines Corp., New 

York, N. Y. George F. Kennard — 

named President, 1I1M Data Systems 

Div., White Plains, N. Y.; and William 

B. McWhirter—named IBM Director 

of Organization. Also, Leonard E. 

Clark — appointed Vice President, 

Headquarters Operations, IBM Data 

Processing Div., White Plains; Paul 
W. Knaplund — appointed General 

Manager, Advanced Systems Devel-

opment Div., Yorktown Heights, N. 

Y.; John M. Norton—appointed As-
sistant General Manager, Advanced 
Systems Development Div.; and Ed-
ward A. Kelleher—appointed World's 
Fair Operations Manager. 

Henry C. Egerton — appointed Vice 

President. General Time Corp., and 

General Manager of its Stromherg 

Div., Thomaston, Conn. 

Douglas Hembrough — appointed Di-

rector of International Marketing, Li-

brascope Div., General Precision, Inc., 

Glendale, Calif. 

Joseph W. Yuhas—named Distributor 

Sales Manager, Astron Sales Corp, 

East Newark, N. J. 

J. W. Yuhas D. J. Horan 

Daniel J. Horan—appointed Vice Pres-
ident and General Manager, Kelvin 
Electric Co., Van Nuys, Calif. 

Daniel J. Crowley—named Marketing 
Manager, Eastern Operation, Sylvania 
.Electronic Systems, Waltham, Mass., 
a division of Sylvania Electric Prod-

ucts, Inc. 

Kenneth W. Bilby—clected Executive 
Vice President, Radio Corp. of Amer-
ica, New York, N. Y. Also Robert 
George Dee—appointed Manager, In-
dustry Marketing Operations, RCA 

Electronic Data Processing. 

Dr. George L. Haller — named Vice 
President-Advanced Technology Serv-
ices, General Electric Co., Schenectady, 
N. Y. Also, Olaf F. Vea— appointed 
General Manager of GE's Large Gen-
erator and Motor Dept., Schenectady: 
Richard L. Shetler—named General 
Manager, Command Systems Div.; and 
Gerald A. Hoyt — appointed General 
Manager, Defense Electronics Div. All 
the above GE units are new ones, ex-

cept the last. 

"TI Engineers Operate Projects 
Like Private Enterprises," 

says Russ Logan, BSEE 1951, Program Manager, Surveillance Department, Apparatus Division 

PROFESSIONAL.tilatEER 
Progress heed- -1110.,4 

Russ. Logan (right) discusses design modifications of direct view storage tube 
display for terrain following radar system with Charles Young, design engineer. 

"NOW PUSHING RF4-C FORWARD LOOKING RADAR PROGRAM" 
"One reason T1 project engineers complete as,n. lllll ents like this with maximum 
speed and elliciem•y is the authority given them to decide and act on their own. 
They operate projects as they would their own private enterprises. My experience 
is typical. 1 joined '1'1 in 1956 as design engineer on a missile guidance servo 
system. following five years at telemetry and  Towaves W jilt two other firms. 
Later that year I beer • lead electronic designer on the ‘ N/APQ-69 highs reso-
huion radar recorder: followed by four related project engineering assign-
ment-. My present assignment is the forward looking radar for die Air Force's 
nm-I airborni• reconnaissance system. McDonnell Aircraft's RF4-C. 

EXCELLENT PROFESSIONAL 
RECOGNITION INVESTIGATE 

REWARDING CAREERS 
in TI Surveillance Department 

Profitable positions at all levels for the 
BS, MS or PhD, in EE, ME, 1E, or physics 
with one or more years' experience in: 

D 

L
i
D
D
D
E
]
 

RADAR SYSTEM DESIGN 

INFRARED 

MICROWAVES 

CIRCUIT DESIGN — 
Transistorized, Digital, Etc. 

RESEARCH & DEVELOPMENT 

MANUFACTURING 

MECHANICAL DESIGN 

FIELD SERVICE 

QUALITY CONTROL & 
MAINTAINABILITY 

NAME__ 

SPECIALTY  

COMPANY  

HOME ADDR.  

CITY 8. STATE  

DEGREE 
& YEAR  

HOME 
PHONE 

-ifs 'individual enterprise' phi-
losophy brings me into contact with 
America's top engineers and au-
thorities in industry, the Defense 
Department and military agencies 
— and invohes my serving on im-
portant committees such as the 
High Resolution Radar Committee. 

HIGHLY RESPECTED 
ASSOCIATES 

"At TI I'm in daily ass... ,: ion with 
excellent engineers and scientists 
in both superior and subordinate 
positions. Our consultations are 
numerous and fruitful. We work 
well together, the company benefits, 
and TI reciprocates generously. The 
esprit de corps runs high. 

ADVANCED EDUCATIONAL 
OPPORTUNITIES 

"Curren:1y Fri working towards 
my master's degree on a full schol-
arship provided by TI; and.intend 
going on for my doctorate. TI offers 
its people the ultimate in opportun-
ity and recognition. I urge profes-
-ionals to investigate TI or their 
personal benefits." 

WRITE 
... for details on position availabili-
ties in your specialty. Address your 
corfitli•ntial resume to CLAUD 
KINCANNO. Dept. 4... 

APPARATUS 

DIVISION 

TEXAS INSTRUMENTS 
INCORPORATED 

BOX 6015, DALLAS 22. TEXAS 

An Equal Opportunity Employer 
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9619999999999999999999999999 
MIL-SPEC MOLDED CHOKES 

MOLDED COILS CONFORM TO MIL- C-15305 B 

MILLER SERIES 9360 
(MS 91189) 

Mold Size: 0.281 ± .031 diameter; 0.937 ±- .062 length. 
Leads: AWG =21 TCW: 1.500 ±. . 125 length. 

Power Rating: 1/, Watt Max. at 90° C. 
PART L Q TEST Fo (Mc) Rde. Mo. CORE 
NO. uh MIN. FREQ. (Mc) -1,10% MAX. MAX. MTL.  

9360-01 1.1 ± 20% 60 10.0 200 .09 2800 PHENOLIC 
9360.02 2.2 ± 20% 65 10.0 165 .20 1800 PHENOLIC 
9360-03 3.3 ± 10% 50 6.0 130 .32 1500 PHENOLIC 
9360-04 4.7 ± 10% 45 5.0 100 .60 1100 PHENOLIC 
9360-05 6.8 ± 10% 40 4.0  90 1.10 800 PHENOLIC 

9360-06 10.0 ± 10% 40 3.5 70 1.80 600 PHENOLIC 
9360.07 15.0 ± 10% 40 3.0 55 3.00 500 PHENOLIC 
9360-08 22.0 ± 10% 30 2.5 27 .30 1500 IRON 
9360-09 33.0 ± 10% 45 2.0 21  .60 1100 IRON 

9360-10 47.0 ± 10% 70 1.5 16 1.20 700 IRON --
9360-11 82.0 ± 10% 85 1.2 14 2.20 600 IRON 
9360-12 100.0 x 10% 85 1.0 14 2.80 500 IRON 
9360-13 120.0 ± 10% 85 . 1.0 13 4.00 400 IRON 

For o Complete Listing of MILLER PRODUCTS ask for a copy of our Latest General Catalog 
on your Company Letterhead. 

J. W. MILLER COMPANY • 5917 So. Main St., Los Angeles 3, Calif. 
Circle 135 on Inquiry Card 

CUT COSTS with 
MAGNETIC CONTROL 

Alll Magnets Move Fastest-and Easiest-of 

MOST FLEXIBLE & EFFICIENT 

Scheduling Board-Visually Controls 
Sales • Production • Personnel • Graphs 
Maintenance • Machine Loading • Charts 
Data Processing • Visual Presentations 

COLORFUL MAGNETIC ELEMENTS 
ORGANIZE FOR ACTION 
SHOW FACTS INSTANTLY 
ELIMINATE MISTAKES 
GET THE JOB DONE 

Priced From 

$ 3 8 00 
Including Magnetic Elements 

Price List & 

Brochure EI.1 

FREE 
On Request 

Methods Research Corp. 
105W Willow Avenue, STATEN ISLAND 5, N. Y. 

234 

SHOCK 
STOP 
PACKAGING 
Possible? 
Yes. 
Competitive? 
No. 
You can, however, 
package to eliminate damage 
caused by shock and vibration, 
save with less handling, 
have greater packing control, 
at comparatively lower costs. 

pak/control Tm 
Molded Cushion Packaging 
offers you a complete service 
in development and production 
of bonded and virgin foam 
packaging elements. 
Relatively new, 
these materials have gained 
wide recognition 
as the protective packaging 
for precision equipment 
and sensitive instrumentation. 
Request literature and samples. 

T.M. 

INDUSTRIAL PACKAGE DIVISION 
DELVALT EX CORPORATION 
34 Parker Avenue, Trenton 9, New Jersey 

Circle 136 on Inquiry Card Circle 137 on Inquiry Card 

Dr. Charles D. Bradley, President of 
Bradley Semiconductor Corp.-selected 
to receive. the 1962 American Success 
Story Award of the Free Enterprise 
Awards Assn. 

Roy W. Ballard- named Manager, Sys-
tems Techniques Dept., Data Systems 
I/iv., Litton Systems, Canoga Park, 
Calif. 

Armand Klein- named Manager, Spe-
cial Products Div., Mulpar, Inc., Falls 
Church, \ a. 

Dr. John Gelb - appointed Research 
Specialist. Mincom Div.. Minnesota 
Mining & Mfg. Co., Los Angeles, Calif. 

George R. Tallent- appointed Director 
of Reliability & Quality Control, Mo-

torola Semiconductor Products, Inc., 
Phoenix. Ariz.; also Harold R. Mum-
ma- named Manager. Distributor Ser-
vice 11ept., Motorola Semiconductor, 

Martin Boyajian-named Works Man-

ager, Calibration Standards Corp., Al-
hambra, Calif. 

.111, 

M. Boyajian J. Walovich 

John Walovich - named Director of 
Engineering, Stancor Electronics, Inc., 
Chicago, Ill. 

Dr. Alan G. Stanley- appointed Man-
ager of the new Micro-Circuitry Div., 
Transitron Electronic Corp., Wake-
field, Mass. 

Jack L. Elsley - appointed Manager, 
New Product Development, Cinch 
Mfg. Co., Chicago, Ill. 

Edmund() Gonzalez- named Manager, 

Special Products Operation, Lansdale, 
Div., Piffle° Corp. 

James J. Kelly-named Manager of the 
La Verne, Calif., Plant, Taylor Corp., 
Valley Forge, Pa, 

Gerald A. Kirk- named Reliability and 
Quality Control Manager, Ea stern 
Connector Div., Amplienol-Borg Elec-
tronics Corp., Fair Lawn, N. J. 

James T. Murphy, Jr.- appointed Sen-
ior Staff Engineer, Dynatronics, Inc., 
Orlando, Fla. 
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SCEPTRON" (Continued front page 134) 

Sceptron will process the signal. 

The Sceptron permits decisions to be made as 

fast as information is received. Incoming signals 

have simultaneous access to all Sceptrons in a system. 

There is no limit to the size a Sceptron memory can 

be and yet retain this feature. 

It has a wide range of frequency, now 100 cps to 

20,000 cps. This can be extended in either direction. 

The active elements in a Sceptron are several 

hundred to several thousand 0.002 in. diameter optic 

fiber beams of various lengths and therefOre various 

frequencies. These are conventional fiber optics, 

quartz fibers which transmit light by internal refrac-

tion. However, unlike other fiber-optic devices an-

nounced to date, the fibers in a Sceptron are sepa-

rated from each other and allowed to move inde-

pendently at their free end. It is through the record-

ing of eight patterns during this movement and later 

comparison with other patterns that the Sceptron 

works. 

An audio frequency driver unit, or loud speaker, is 

used to excite the fiber arrays. However, any one 

of a number of electromechanical devices, including 

piezoelectric ceramics, may be used. 

FREE! 
TA' 
NEW '62 

CLAMP ENGINEERING 
CATALOG 

Features the latest technical 
advances of clamp design 
and manufacture. Includes _ 
prints, tables, illustrations, 
specs, application and 
installation tips for ANY 
clamp problem... be it 
military or commercial. 
Sizes 1/2 " to 6" dia. in 
aluminum, steel or stainless 
in complete selection of high and low temperature insulation materials. 
Shows all sizes and styles of loop clamps, bonding clamps, 
multiple clamps, center clamps, wire harness clamps, wave-guide clamps 
... plus blocks, brackets, busbars, line supports and related items. 

CATALOG-AVAILABILITY OF OVER 40,000 DIFFERENT CLAMPS! 
Before you design or buy, check with TA FIRST! 

Send for your free copy of TA'S New Clamp Catalog 212G 

IEEE 
SEE 

THE NEW 

ELECTRON IC 

WIZARDRY 

at 

I-TRIPLE-E's 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 
The COLISEUM at. Columbus Circle 
8. The WALDORF ASTORIA HOTEL 

admission MEMBERS $ 1..00; NON-MEMBERS $3.00 
MINIMUM AGE: 18 

SHOW 
(formerly the IRE Show) 

76 
Pages of Valuable 
Clamp Reference 
Information 
every Designer, 
Engineer or 
Draftsman 
should know! 

arArci,v __474, 

c 

Alltrtriuz 

TA Mfg. Co., 4607 Alger St., Los Angeles 39, Calif. 

TWX 9863 Glendale, Calif. • WUX CAT L.A., Calif. phone CH 5-3748 

Circle 88 on Inquiry Card 

mum 
solderless terminals 

and connectors 
Over 1700 types and sizes 
for every wiring application 
Every Construction Style 

for the simplest termination 

to the most demanding. 
Wire Ranges: =22 thru =2 A.W.G. 

* Butted Barrel Seam 
* Vinyl Insulated 
* Brazed Barrel Seam 
* Insulation Grip 
* Vibration Resisting Sleeve 
* Nylon Insulated 
* High Temperature 
* Heavy Duty 
* MS-25036, MS-20659 

FAST DELIVERY at the 
right price through your 
Electronic Parts Distributor 

Send for complete listings and prices 

WRLDOM ELECTRONICS INC. 
4629 West 53rd St., Chicago 32, 

Circle 114 on Inquiry Card 
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WINSLOW 
portable 

TENSILE 
TESTER 

Model WTE-201 
=26 thru = 16 wire 

50 lbs. capacity 

Model WTE-202 
=16 thru = 10 wire 
200 lbs. capacity 

. for instantaneous on line testing of 

all types of wire terminals, 

splices, eyelets, 

pin connectors, welds, 

soldered connections, etc. 

Fastest, easiest-to- use tensile tester on the market! Accurate, easily 
read dial measures direct pull in pounds ... works on any wire size 
up to #10 — capacity up to 200 lbs. G vcs you laboratory accuracy in 
the field or factory. 

WINSLOW TENSILE TESTERS can lower unit costs on many of today's 
exacting jobs by instantaneously pinpointing defective crimping 
areas, thus reducing rework on parts not meeting crimp specifications. 
• eliminating production interruptions due to questionable reliability 
of crimping tools • reducing number of crimpus needed as standbys 
• extending time interval between crimper reliability checkout. 

Ideal for production, inspectiort and quality control departments. Write 
for details today. 

Deadde PRODUCT ENGINEERING CORPORATION 
47 ST. JOSEPH STREET • ARCADIA, CALIFORNIA. I 

Circle III on Inquiry Card 

SHORT WEIGHT WEIGHT 

OR 

SHORT WAIT? 

FULL VALUE TRIAD TRANSFORMERS FOR EVERY JOB 
Quality•wise, Triad transformers are never short-

weighted. You get full value every time. Quality, how-

ever, generates demand. And because it takes just so 

much time to build a truly fine transformer, the demand 

does sometimes exceed productive capacity. To avoid 

even a short wait, however, contact Triad at a reasonably 

early phase of your project. Commercial grades for 

manufacturers of communications, television, high-

fidelity, public address, and instrumentation equipment. 

Mil-spec grades for producers of advanced military 

electronic systems. Specifications and prices for over 

1,000 standard models are contained in our Industrial 

Transformer Catalog. See your distributor or write Triad 

Distributor Division, 305 N. Briant St., Huntington, Ind. 

rr TRIAD DISTRIBUTOR DIVISION 
A DIVISION OF LITTON INDUSTRIES W 

Circle 112 on Inquiry Card 
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Abbott Transistor Laboratories, Inc  238 

Acromag Incorporated   208 
Alden Products Company   181 
Alfred Electronics   185 
Alite Division of U. S. Stoneware  31 

Allen-Bradley Company   67 

American Electronic Laboratories, Inc.  222 
American Lava Corporation   129 

AMP Incorporated   137 
Analab Instrument Corporation   30 

ARCO Electronics Incorporated   192 
Arnold Engineering Company   61 
Augat Incorporated   194 

Automatic Electric Company   78 

Avnet Electronic Corporation   38 

Ballantine Laboratories, Incorporated  58 
Elarnstead Still & Sterilizer Company   178 

Banvood, L. J., Manufacturing Co., Inc.   217 

Beattie- Coleman, incorporated   178 
Beckman Instrument, Incorporated 

Helipot Division  73, 74 
Offner Division   72 

Bell Telephone Laboratories   66 
Bendix Corporation 

Microwave Devices, Inc.   80 

Red Bank Division   24 

Scintilla Division   50 
Boonton Electronics Corporation  184 

Boums, Incorporated  10, 11 

Brady Company, W. H.   174 
Brush Instruments Div. Clevite Corp   88 
Burndy Corporation   19 
Burnell & Company, Incorporated   85 

Bussman Manufacturing Division  55 
McGraw- Edison Company 

Centralab   81 

The Electronics Division of Globe- Union, Inc. 
Cinch Manufacturing Company   119 
Clarostat Manufacturing Company, Inc.   43 

Continental Connector Corporation   87 
Controls Company of America   173 

Control Switch Division 

CTS of Paducah, Incorporated ...... . 27 
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Dale Electronics Incorporated   25 
Delvaltex Corporation   234 
Dialight Corporation   179 

Drake   175 
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EICO   204 
Electro Motive Manufacturing Co., Inc.   193 
Engineered Electronics Company   36 

ERCO Radio Laboratories, Incorporated  64 
Espey Manufacturing & Electronics Corp. 

Saratoga Semiconductor   210 

Florida Development Commission   
Fluke Instruments   

G 
General Electric Company 

Miniature Lamp Department   138 

Semiconductor   34 
General Motors Corp. Delco Radio 60, 224 
General Radio Company   65 
Grainger, W. W., Incorporated   70 
Grayhill  191 

G-V Controls Incorporated Inside back cover 
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Harmon Kardon Incorporated   208 

Hart Manufacturing Company   212 

Hewlett-Packard Company   69 
Hoskins Manufacturing Company   221 

Hughes Aircraft Company 
Aerospace Division   

Semiconductor Division   
Vacuum Tube Products Division   

63 Sylvania Semiconductor   75 
86 Sylvania Government Systems Management   37 

Ideal Industries, Incorporated   217 

Image Instruments, incorporated   238 
Industrial Electronic Engineers, Inc.   177 
International Exhibition of Electronic Components 172 
International Electronic Research Corp.   42 
International Rectifier Corp.   48 
Interstate Electronics Corporation   213 

Triple-E   175, 202, 235 

Jennings Radio Manufacturing Corporation  195 

Johnson Company, E. F.   191 

Kay Electric Company  40, 230 

Kester Solder Company 
Knights Company, James 

Krohn- Hite Corporation   209 

Licon 

Division Illinois Tool Works, Inc. 
Insert following p  138 

Linen Thread Company   174 
Litton Industries, 

Triad Distributor Division   236 

MacMillan Company.. Insert following p. 16 

Mac Panel Company   207 

Magnetic Shield Division, Perfection Mica  211 
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Methods Research Corporation   234 
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Midland Manufacturing Company   197 

Miller, J. W., Company  234 
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Mincom Co.   84 
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N 

National Ultrasonic Corporation   203 
Non- Linear Systems, Incorporated   76 
Northeastern Engineering Incorporated .. 216 
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Ohmite Manufacturing Company   71 

Philco 
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Sierra Electronic Division   16 

PRD Electronics, Incorporated  186 
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Q- max Corporation . 238 

Radio Corporation of America .. Back Cover 
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Reeves- Hoffman   204 
Roanwell Corporation   46 

S 

Sangamo Electric Company , insert following p  120 

Sea lectro Corporation   39 
Singer Metrics Division, 

Singer Manufacturing Company   176 

Sperry Rand Corporation 
79, 125 

Semiconductor Division   44 
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Sprague Electric Company  6, 13, 219 

Stackpole Carbon Company   50 
Stevens Manufacturing Company, Inc.   14 

Sylvania Electric Products 
231 Sylvania Electric Tubes Div.  56, 57 

TA Manufacturing Company   235 
Taylor Corporation   182, 183 

Tektronix, Incorporated   26 
Texas Instruments Incorporated   233 
Times Wire and Cable   62 
Transistor Electronics Corporation   171 

Transitron Electronic Corporation   47 
Triplett Electrical Instrument Company  59 

Tru-Ohm Products   192 

U 
United Transformer Corporation   133 
United States Energy Corporation  223 

V 
205 Victoreen Instrument Company   41 

211 Vitramon Incorporated   32 

Waldom Electronics Incorporated   239 

Wavel ine, Incorporated   68 
Westinghouse   180, 181 
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Winslow Product Engineering Corporation 236 

Zero Manufacturing Company 194 
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• Frequencies from 400 cps to 5 KC 
• Output voltages from 5-500 VAC 

• 50, 100, 200 VA Standard 

Designed to change low voltage DC 
power to sine or square power, these 
small- size, transistorized inverters 
can be supplied in a wide range of 
output voltages and frequencies. 
Units feature regulation to 1/2% for 
input 24 to 30 VDC, short circuit 
protection, and meet the environ-
mental requirements of MIL-E-
5272C. Prices range from $185. to 
$595. Delivery of most units from 
stock. 
Send for complete 20-page catalog. 

abbott transistor 

LABORATORIES, INC ORPO AAAAA 

3055 Buckingham Rd. • Los Angeles 18 

Direct Dial 213 • REpublic 1-9331 

Circle 138 on Inquiry Cara 

Engineers who know 

—SPECIFY 

A-27 

SUPERFINE 

LOW-LOSS RF LACQUER 
• Q- max, an extremely tow loss dielectric 
impregnating and coating composition, is 
formulated specifically for application to VHF 
and UHF components. It penetrates deeoly, 
seals out moisture, provides a surface fin ,sh, 
imparts rigidity and promotes stability of the 
electrical constants of high frequency circuits. 
Its effect upon the "Q" of RF windings is 
practically negligtble. 

• Q-max applies easily by dipping or brush-
ing, dries quickly, adheres well; meets most 
temperature requirements. Q-max is indus-
try's standard RF lacquer. Engineers who 
know specify Q-max! Write for new catalog. 

•Reetered f.ademark 

Q-max Corporation 
MARLBORO • NEW JERSEY 

Telephone: HOpkins 2-3636 

Circle 139 on Inquiry Card 

HIM rii7 ÏPI 
IrLII 10 

REPRESENTATIVES WANTED 
Malmfacturyr oi epoxy-compounded 

resins for electronics uses wants rep-
resentatives in the following areas: 
\Vest, Midwest, Southern Canada, Box 

Editor, ELECTRONIC I \ DUS-
T RI Fs. 

Cerruti Pflieger Corp., San 1)i ego. 
Calif—appointed California represen-

tative by Industrial Electronics Div., 
Dallons Laboratories, El Segundo, 

Calif. Dallons makes in graphic 
recorders. sonar test instruments, in-
sulation testers, temperature monitors 

and oscilloscope X-Y calibrators. 

O. F. Masin, Inc. — appointed New 
Vi irk and New Jersey representative 
for Viking Industries, Canoga Park, 
Calif., electrical connector manufac-

turer. 

T. J. Ray Co., Tulsa. Okla.—appointy. 
)klalloma representative by llitenn. 

Wires Co.. Westbury, L. I., N. 

Comp Rep Associates, Inc., Yeedluil,.. 

Mass.—appointed New England repre-
sentative by Drake Mfg. Co., Chicago. 
Ill. Drake makes lampholders and in-

dicator light assemblies. 

H. C. R. Folmer Co., Ft. Lauderdal. • 
Fla.—appointed Florida representativ. 

for Trent, Inc., Philadelphia, l'a., man-
ufacturer of electrically heated indus-

trial equipment; George Crossley & 

Assoc., Atlanta, Ga. -- named repry 
sentative to cover Georgia, Alabama 
and East Tennessee. 

Computer Service Center, Ltd., Cal-
gary. Alb.. Canada—named Canadian 
representative for California Computer 

Products, Inc., Anaheim. Calif. Cal-

Comp manufactures plotters. plotting 

systems and associated equipment. 

ECRA, Inc.—appointed Southeastern 

sales representative for silicon and se-
lenium rectifiers, zener diodes and tan-
talum capacitors by ITT Components 
Div., Clifton, N. J. 

Roy Attaway Co., Huntsville. Ala.--
appointed representative by PR I) Elec-
tronics, Inc.. Brooklyn, X. Y.. to cover 
Alabama, Georgia, and Florida; 
Brooks-Feeger Assoc., Albuquerque, 
N. Mex.—appointed representative in 
Arizona, New Mexico. Colorado. Mon-
tana, Nevada, Utah, Wyoming, and 

Idaho: Thunderbird Engineering Sales 

and Services, Inc., Wichita, Kans.-
appointed Kansas and Missouri rep-

resentative. PRD produces microwavr 
and electronic test equipment. 

\NUKE 

Spacetronics Co., Dallas, l'ex. — 

Pointed representative by Wavel 
Inc., Caldwell, N. J., to cover Tex-
/klaboina. New -Mexico and Louisiana. 

Waveline manufactures Nv a v eg uide test 

equipment and special wavcguide 
plumbing assemblies. 

L. H. Schwartz & Assoc., Dayton, 
(iliii,— named representative by Ray-
theon Co. for spectrum analyzers, 

litters and delay lines. The Schwartz 
firm will cover Ohio, Indiana, Michi-
gan and Western Pennsylvania. 

Dynamic Associates, Burlingame, Calif. 

--appointed Northern California repre-
sentative by Electronic- Associates, Inc., 

Long Branch, N. J., manufacturer of 

solid-state digital voltmeters. plotters 
and accessories. 

• SCAN CONVERSION 
• FLICKERLESS 

DISPLAY STORE 
• VIDEO STORAGE 
RECORDING STORAGE TUBE SYSTEMS 

Single-gun, dual- gun, multi-tube 
systems to convert scan for radar, 
sonar, television, and to perform 
analog processing, data analysis, 
contract or expand time scale, 
auto correlation. 

• SLOWED TELEVISION 
TRANSMISSION 
by telephone line or other narrow-
band systems. 

• IMAGE ENGINEERING 
OPTICAL CHART READERS, FLY-
ING SPOT SCANNERS, LOW- LIGHT-
LEVEL CAMERAS, and IMAGE 
RECTIFICATION. Automatic inspec-
tion and recognition of size, shape, 
color, and texture. 

• 
lul

Write or call for u  
complete information: 

INSTRUMENTS, Inc. 

2300 Washington Street 
Newton 62, Massachusetts 
617 WOodward 9-8440 

Circle 140 on Inquiry Card 

EQUIPMENT, MATERIALS, 
PARTS & COMPONENTS 

Pocket Precision Slide Rule 
Used For Advertising 

Imprinted with trademark, name and sales 
message. Fine sales promotion gift. For 
literature and prices, write Hoffman, Box 
662C, Passaic, N. J. 
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Brand new 
and cut 
down to 

size 
I 

+  

case 
height: 

1/2" 

t 

An entirely new design concept in a miniature thermostat provides greater precision 
and reliability plus minimum drift at control point. The New G-V Series VE 
Thermostat*— a temperature operated switch in crystal can size— has more than 
twice the contact motion and more than twice the moving force ordinarily found in 
units of this size. All resonances below 2,000 cps have been eliminated so the 
Series VE operates with stability at rated loads up 
to 10 g vibration at frequencies up to 2,000 cps. 
Vibration at 30 g up to 2,000 cps and shocks of 50 g, 
11 ms or 200 g, 4 ms do not damage the unit. 

G-V field engineers and G-V applications engineers at the factory 
are available to discuss your requirements and to recommend 
particular types of thermostats. For complete assistance, 
literature or detailed test data under various operating con-
ditions, write for Product Data Bulletin PD-1017 today or call 
(Area Code 201) 992-6200, Mr. Paul Abrams. 

*Patent applied for. 

CUTAWAY VIEW 

G-V CONTROLS INC. 
OKNER PARKWAY • LIVINGSTON, NEW JERSEY ce 

Circle 142 on Inquiry Card 



RCA MICROELECTRONIC PACKAGES OFFER FOUI 
PROVED WAYS TO MINIATURIZE YOUR CIRCUITS 
RCA's Broad Line of Packaged Circuits Meets Today's Needs for High Component 

Density, Proved Reliability, Broad Circuit Applications, and Volume Availability 

RCA Minimodules Offer Conventional-
Component Economy in High-Density Format 
Low-cost RCA Minimodules are precision built using 
reliable, conventional components, closely-packed, inter-
connected and encapsulated to meet the mechanical and 
environmental requirements of MIL specifications. RCA 
Minimodules can be supplied in the quantity you require, 
in the format you need, with terminal arrangements to meet 
your assembly requirements. Minimodules are available 
now for immediate delivery. 

RCA OFFERS MADE-TO-ORDER CUSTOM PACKAGING SERVICE 
If your requirements call for special configurations, RCA 
packaging specialists—drawing on RCA's broad background 

in miniature packaging and using RCA's wide range of facil-
ities—will develop special versions of RCA's standard pack-

ages, new advanced packaging techniques for your circuit 
designs, or new solid state circuit packages to solve your 
packaging problems. 

For complete information on RCA's broad circuit packaging 
capability call your RCA Field Representative. For further 
technical data, write RCA Semiconductor 13e Materials Divi-
sion, Commercial Engineering, Section MJ-1, Somerville, 

New Jersey. 

e I I Heli i ) THE MOST TRUSTED NAME 

IN ELECTRONICS 

Circle 143 on Inquiry Cord 

RCA Micromodules Offer 
Proved Reliability Backed By 
Over 100 Million Element-Hours 
of Life-Test Experience 
Today's only high-density pack-
aged circuits with this kind of life-
test experience. Failure rates for 
RCA Micromodules are now less 
than 0.02% per 1000 hours at full 
ratings. Your digital, analog, or 

linear circuits can be supplied as 
RCA Micromodules ... you can get 
working samples in a matter of 
days, quantity deliveries within 2 
to 3 weeks. For example, RCA 
engineers converted one aircraft 
electronic package from conven-
tional printed board construction 
to 16 working Micromodules in 

just 76 hours. 

ACTUAL SIZE 

New RCA Digital Micro Circuits 
Switch in 7 Nanoseconds 

First of a series of compact logic 
circuits—the RCA DMC-100 uses 
advanced silicon elements for 
ultra-high speed and new design 
flexibility. The RCA DMC offers 
excellent noise immunity, switch-
ing speeds to seven nanoseconds. 
high operating reliability and low 
power dissipation. The RCA 
DMC-100—designed for use in 
gates, adders, flip-flops, shift reg-
isters and multivibrators—is now 

available for immediate delivery. 
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