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Gold-plated pie-plate below is a telemetry transmitter 

for an artificial earth satellite. The transmitter uses 

a new phase modulator circuit described on p 68 
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NEW RAYTHEON MAGNETRONS FOR A WIDE RANGE OF APPLICATIONS 

Designed for C-band systems  
requiring tunability, the 
RK-7156 magnetron has a min-
imum peak power output rat-
ing of 250 kilowatts over a 
frequency range of 5,450 to 
5,825 -megacycles. Applica-
tions include a flight-
tested, revolutionary air-
borne weather radar system. 
The RK-7156 is in quantity 
production. 

CIRCLE 276 
Reader Service Card 

* * * 

X-band magnetron for air-
borne search radar provides 
one megawatt minimum peak 
power and 875 watts average 

power within a frequency 
range of 9,340 to 9,440 Mc. 
Designated QK-624, this 
pulsed-type tube is liquid 
cooled and should give at 
least 1,000 hours of reli-
able service. 

CIRCLE 277 
Reader Service Card 

* * * 

For ground-based and air-
borne radar systems, the RK-
7529 magnetron provides a 
2.0 microsecond pulse of 3.5 
megawatts minimum peak power 
over 2,700 to 2,850 Mc. This 
liquid-cooled tube is in-
terchangeable with other 
fixed-frequency S- band 
tubes operating at similar 
power levels. 

CIRCLE 279 
Reader Service Card 

* * * 

A one kilowatt beacon magne-
tron the RK-7578 weighs 
only 14 ozs., yet will with-
stand vibrations of 15 G's 
at 20 to 2,000 cycles and 
shock up to 100 G's. It is 

A Leader in Creative Microwave Technology RAYTHEON) 

mechanically tunable and 
covers the 5,400 to 5,900 
Mc range. 

CIRCLE 278 
Reader Service Card 

* * * 

Developed to withstand ex-
treme environmental condi-
tions, the RK-7449 magne-
tron is a lightweignt, com-
pact tube with a minimum peak 
power output of 45 kilowatts 
at the operating frequency 
of 24 kmc. The RK-7449 is 
required to withstand re-

peated shocks of 50G. Stable 
operation is guaranteed at 
vibration frequencies up to 
2,000 c.p.s. with 30G ap-
plied. 

CIRCLE 259 
Reader Service Card 
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BROAD -BAND 
LOG-PERIODIC 
ANTENNAS 
FROM 
GRANGER 
ASSOCIATES 

Specifications for typical Granger Associates log-periodic antennas 
(Models 720 and 721 shown) 

Model 720 Model 721 
(uni-directional) (omni-azimuthal) 

Frequency range    50 to 1000 megacycles   

Polarization   Linear, remotely selected vert, or horiz. 

Pattern Beamwidttr 

Horizontal Polarization Azimuth 60 deg. Azimuth 360 deg. 
Elevation 60 deg. Elevation 55 deg. 

Vertical Polarization .. . Azimuth 60 deg. Typical discone 
Elevation 60 deg. patterns 

VSWR   3.6:1 relative to 50 ohms over the band 

Environment   withstands 100 mph wind; W' ice coating 

Dimensions   75" high 8 wide 176" high; 92" 
76" long; mounted wide 8 deep 
on 36" guyed mast 

Note: Model 720 is provided with 360 deg. azimuth drive at 2 rpm 
with left-stop- right controls and remote position indicator. 

Bandwidth of ten to one or greater independent of frequency—that's why system planners in communications, 

back scatter, range instrumentation, signal intercept and ECM are excited about log- periodic antennas. Transla-

ting this new theory into practical hardware is a specialty of Granger Associates; one of the few organizations that 

not only understands the concept, but actually builds log-periodics and delivers them to highly satisfied cus-

tomers. Our accomplishments in this category include omnidirectional designs, high gain pencil beam designs, 

designs that permit remote selection of polarizations, feeds for reflectors, direction finders, scanning and switched 

beam arrays. System planners will also find G 'A an excellent source for low noise preamplifiers, receiving multi-

couplers, wide- band baluns, special purpose transmitters. They will find more: an adroit team of specialists 

with a unique approach to problem solving that results in dependable equipment—the right kind at the right time. 

Granger Associates 974 Commercial Sir,.' P ' ' 



TIROS 
relies on 

LAMBDA_ reliability 
Standard 

Lambda 

Regulated 

Power Supplies have again been 
selected for a job where reliability and quality 
are of vital importance. They power the ground 
equipment in the primary and back-up stations that 
control and track America's newest missile—TIROS. 

In TIROS as in SAGE, Digital Computer 
Intervention and Display System and other leading 

electronic projects. Lambda Power Supplies are 
specified because Lambda equipment has consistently 
proven its reliability. 

This same Lambda quality is the reason Lambda 
Power Supplies are consistently selected first by 
engineers in independent surveys. To find out more 

about Lambda Supplies, which are guaranteed for 
a full five years, send today for the Lambda Catalog. 
It gives data on Lambda's complete line of tube 

models ranging up to 525 VDC and transistor models 
up to 10 Amps. 

The Tiros System 

Sponsored: National Aeronautics and Space Administration 

Technical Direction: U. S. Army Signal Research and 

Development Laboratory 

Developed and Built: Astro- Electronic Products Division, 

Radio Corporation of America 

*.A104 

LAMBDA_ ELECTRONICS CORP. 

11-11 131 STREET • DEPT. I • COLLEGE POINT 56. N. Y. • INDEPENDENCE 1-8500 
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CROSS TALK 
TUNNEL DIODES AND RADIATION. Today radiation is becoming 
increasingly important as a factor to be reckoned with in the design 
of electronic instruments for space research probes and satellites. This 

is certain to become even more apparent as work begins on the SNAP-8 
nuclear electric power regenerating system for spacecraft. 
With future needs in mind, ELECTRONICS editors have been studying 

available knowledge of what effect neutron bombardment has on elec-
tronic devices. Since the tunnel diode has been so much in the news, 

Assistant Editor Wolff questioned several research labs about it. What 
he learned, which may surprise some, is on p 32. 

SELF-HELP PAYS OFF. Banding together to let industry know the 
potential of an area . . . and to go after business . . . can pay off in 
results. A case in point is Long Island, where morale and business 
volume had shown signs of lagging behind other parts of the country. 
Executives of many small L. I. firms have joined forces to paddle their 
collective canoe. Already the results are promising. One survey taken 

among 35 companies shows that combined net sales for the group went 
from $387,725,000 in 1954 to more than $600 million by 1959. They 
expect to pass the $633-million mark by the end of this year. Associate 
Editor Emma made a series of plant tours and conducted interviews. 
For details of what he found, see p 38. 

Coming In Our May 13 Issue 

MICROSOLIDS. Work with semiconductors, thin films, passive and 
other materials in combination is presently at a stage where a diversity 
of opinion exists as to what the prime objective should be. Some 
researchers believe a major improvement in reliability is of greatest 
importance. Others think that a significant reduction in size and 
weight should be the prime objective. Still others feel that cost reduc-
tion should be paramount. 
Next week ELECTRONICS adds to the growing list of feature articles 

which have kept our readers out front concerning various approaches 
to future circuitry. Three members of the Semiconductor-Components 

Division of Texas Instruments Incorporated team up to state their 
concepts. J. W. Lathrop, R. E. Lee and C. H. Phipps discuss relia-
bility, size and weight, and cost. 

Their article also describes in detail a fabrication technique which 
combines oxide masking diffusion, metal deposition, alloying and sur-
face shaping. You'll learn how a complex circuit is developed, from 
schematic diagram to network, on and within a single-crystal semi-
conductor wafer. 

Lathrop is a senior project engineer working on semiconductor 
networks and is well known for his work at Diamond Ordnance Fuze 
Laboratories on ceramic-base printed circuits. He holds a Ph.D in 
Physics from MIT. Lee is manager of the Semiconductor Networks 
department, heading a project team responsible for design, develop-
ment, engineering, production and marketing of such networks. He 
is also head of the Circuit Development branch of the Semiconductor-
Components Division, has worked on radar anti-jamming, aircraft 
fire control systems and guided missile range instrumentation. He 
holds a Ph.D in Electrical Engineering from Stanford University. 
Phipps is marketing manager of the Semiconductor Networks depart-
ment. He holds a B.S. in electrical engineering from Case Institute of 
Technology and an M.B.A. from Harvard. 
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BLUE JACKET 
VITREOUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 

Send for Bulletins: 7410-A (Axial Lead), 7400-A (Tab Type) 

KooLoHrd 
CERAMIC INSULATED-SHELL, 

POWER WIREWOUND RESISTORS. 

Send for Engineering Bulletin: 7300-A 

PERMASEAL 
CAST EPDXY HOUSING, 

PRECISION WIREWOUND RESISTORS. 

Send for Engineering Bulletin: 7500 

SPRAGUE RESISTORS 
SPRAGUE 402F 

11NEGn 
± 1°4 1/2W --

  SPRPGITE 
 StIRAMEG - 

FILMISTOR 
PRECISION CARBON FILM RESISTORS. 

end for Bulletins: 7000 (Molded shell), 7010-B (Ceramic shell) 

MEG-O-MAX 
GLASS-JACKETED HIGH VOLTAGE, 

HIGH POWER RESISTORS. 

Send for Engineering Bulletin: 7200-A 

SPIRAMEG 
HIGH-RESISTANCE SPIRAL ELEMENT 

RESISTORS. 

Send for Engineering Bulletin: 7100 

SPRAGUE ELECTRIC COMPANY 35 Marshall Street North Adams, Mass. 

SPRAGUE COMPONENTS: RESISTORS • CAPACITORS • MAGNETIC COMPONENTS • TRANSISTORS 

INTERFERENCE FILTERS • PULSE NETWORKS • HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS 
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COMMENT 

DIRECT 
DISPLAY OF RESPONSE 

UP TO 20 Mc 

The Marconi 20 - Mc Sweep 
Generator can be used in con-
junction with any oscilloscope 
for direct display of video res-
ponse characteristics up to 20 
Mc. The instrument is designed Response 

for precise measurement. Fre-
quency is indicated by crystal-
controlled marker pips; and a 
special circuit provides for dif-
ferential amplitude measurements, enabling relative response to be determined 
with a discrimination better than 0.01 dB. 

Frequency 
20 Mc 

MARCONI 20-Mc SWEEP GENERATOR 

TYPE4099 

Abridged Specification 

Frequency Swept Output: Fre-
quency Range: Lower limit 100 
kc, Upper limit 20 Mc. Output 
level : Continuously variable 
from 0.3 to 3 volts. Output 
Impedance: 750. Time Base: 
Repetition Rate: 50 to 60 cps. 
Output for c.r.o. X deflection: 
250 volts. Frequency Markers: 
At 1 Mc intervals; every fifth 
pip distinctive and crystal con-
trolled. Tubes: 6AK5, 6B146, 
5763, 6BJ6, 6CD6G, 6BE6, 
12AT7, 12AU7, 6C4, 5V4G, 
0A2, 5651. 

59  

MARCONI 
INSTRUMENTS 

Send for leaflet B124/A. 

Ill CEDAR LANE 

ENGLEWOOD 

NEW JERSEY 

Tel: LOwell 7-0607 

Canada: Canadian Marconi Co • Marconi Building • 2442 Trenton Ave • Montreal 16 

MARCONI INSTRUMENTS LTD • ST. ALBANS • HERTS • ENGLAND 

0 

04 

0 

Tracking Telemetry Antenna 

With reference to the article 
"Tracking Radar for Tiros Weather 
Satellite" (p 57, Apr. 15), I wish to 
correct the title. The title as pub-
lished was not that one which was 
submitted on the original manu-
script. Indeed, the system described 
in the article is not a radar but is 
rightfully classified as a telemetry 
and space communications receiving 
system. 

Since the time that the original 
manuscript was submitted, Radia-
tion Incorporated engineers have 
added to the design so that auto-
matic tracking on the 108 mc band 
is included. The conical scan error 
signal at 10 cps is generated by 
prism rotation. The 108 mc signal 
is preamplified, converted to the 
216-260 mc band, and carried to the 
telemetry receivers through the ex-
isting RF plumbing. 

H. E. O'KELLEY 
MELBOURNE, FLA. 

Thank you for your letter of 
Apr. 15. Of course you are quite 
right—the title we used for your 
article was a case of over-exer-
cised editorial license. 

Wire Mesh Cushions 

In your article, "Resilient Mesh 
Cushions System" (p 94, Mar. 18), 
the reference of knitted wire to pot 
cleaners could well be misinter-
preted by those engineers who are 
not familiar with the engineering 
which has gone into the develop-
ment of MET-L-FLEX cushions. 

The MET-L-FLEX resilient 
cushions used by Robinson Techni-
cal Products in systems consist of a 
high grade of stainless steel round 
wire held to close diameter toler-
ances and fabricated by a knitted 
process and carefully rolled, and 
crimped and compressed to exact-
ing requirements. 

Pot cleaners are heterogeneous 
mixtures of loose fibers without re-
gard to any continuity and with no 
attempt for homogeneous density. 
Furthermore, wires used in pot 
cleaners are flattened with sharp 
edges which are necessary for the 
scrubbing action required. The use 

TCI24 
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A guide for 
predicting 

resistor 
perfommice 

NOMOGRAPHS PREDICT LIFE 

PERFORMANCE OVER LONG 

PERIODS OF TIME FOR 

ALLEN- BRADLEY HOT MOLDED 

COMPOSITION UNITS 

Allen-Bradley's exclusive hot mold-
ing process produces resistors with 
such uniform characteristics that 
their performance can be predicted 
with a high degree of certainty. Test 
data produced in the last 20 years not 
only in the Allen-Bradley environmen-
tal laboratories but also in independ-
ent laboratories have been carefully 
compared and analyzed and have 
served as a basis for developing the 
above power nomographs. 

50C 
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150 

50 

OC 

Scale 2 
Temperature 
R.se IA to B) 

Scale 
% Rated 
Watts 

Type [8 (1/2 Watt) 
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An Example of Predicting Resistor Performance 
Illustration shows use of nomograph to predict the rate of resistance change with life 
for standard Allen-Bradley resistors. This example is based on a maximum of 5% 
resistance change with 70°C temperature at points " A" (see drawing below) when 
operated at 

—  —  —  — — — — 50% LOAD 
  100% LOAD 

  150% LOAD 

RESISTOR TEST 
CONDITIONS 

I A 

HEAT SINK 
Ai 

HEAT SINK 

1 

And Allen-Bradley has been conserva-
tive in projecting test data. Inas-
much as catastrophic failure has yet 
to occur, the design engineer can de-
velop circuitry with predictable 
performance. 

WRITE TODAY—Power nomo-
graphs for standard Allen-Bradley 
composition resistors are published 
in Technical Bulletin 5000E. You'll 
find this information of genuine help 
and value to you. 

A-B HOT MOLDED 

COMPOSITION 

RESISTORS 

-- — 
Type CB V4 watt 

Type EB 1/2 watt 
/env ewe 

Type OB 1 watt - 1111'  
—111, 

Type HB 2 watts 

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4,W • In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 

ACTUAL SIZE 

ALLEN- BRADLEY 
QUALITY 

ELECTRONIC 

COMPONENTS 
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JUST THE 

PLIER FOR 

ELECTRONIC 

USE / 

Here is a recently developed 
plier specially designed for 
electronic use. It will fit into 
confined space and the steel 
jaws hold clipped end of 
sheared wire firmly .... noth-
ing to wear out. 
The shear blade is at an 

angle of 15 degrees (the 
standard angle of regular di-
agonal pliers). Shear principle 
assures smooth, continuous 
action without snap, prevent-
ing shock which might dam-
age transistors and other deli-
cate components. For use with 
bare wire up to 18 gauge. 
See your electronic supply 

house or write for catalog. 

No. 208-6PC Long Nose 

Shear Cutting Plier 

Patent No. 2,848,724 

r , 

0 

Shear principle 

requires less 

pressure. 

, 

, 
, 

Pin keeps jaws 

aligned. 

- 

Pointed nose 

reaches confined 

space. 

, 

Steel jaws hold 

clipped end tight. 

CP 

Designed to fo,m 

loop at wire end, 

4i 

4, 
r, z 
1 . o 
r,,, • . ..e o 

I 

Coil spring keeps 

jaws open. 

WRITE FOR CATALOG 103-A 
Klein Catalog 103-A describing the 
208-6PC and many other Klein Pliers, 
will be sent on request. Write for a copy. 

I Mein tools i 
I 

cmig 
Foreign Distributor: International Standard Electric Corp., New York 

Mathias KLEIN & Sons 
tst4blished 1857 1=1 

7200 McCORMICK ROAD • CHICAGO 45, ILLINOIS 

of such low quality sharp edged 
wire in MET-L-FLEX cushions 
would be contrary to our objec-
tive wherein great effort is made 
to maintain consistent qualities 
throughout the cushion with spring 
rate, damping and life character-
istics prime objectives. MET-L-
FLEX is made from a single piece 
of wire and is not capable of un-
raveling or becoming disassembled. 
As an example, MET-L-FLEX 

cushions, which we have tabulated 
at our plant and which are currently 
in use in a number of our mounting 
systems, are identified by a number 
of engineering parameters. The 
knitted mesh alone is quality con-
trolled by a minimum of eight 
specifications. The cushions them-
selves are controlled by at least 
eight more engineering specifica-
tion requirements, and we have 
well over 2,000 different cushions of 
specific dynamic characteristics cur-
rently utilized in mounting systems 
designed and produced by Robinson 
Technical Products, Inc. 
The rest of the article is very 

fine and certainly points out the 
virtues of a low-frequency mount-
ing system for such shipboard appli-
cations as the Collins URC-32. 

H. E. N1ETSCH 
ROBINSON TECHNICAL PRODUCTS, 
INC. 

TETERBORO, N. J. 

Things are not always what they 
seem, and as Mr. Nietsch points 
out, all wire mesh does not mas-
querade as MET-L-FLEX. The 
demonstrated effectiveness with 
which these all-metal mounting 
systems have met the exacting 
vibration and shock control re-
quirements for guided missiles, 
fire-control systems and electronic 
devices speaks for the engineering 
which has gone into the develop-
ment and construction of these 
cushions. 

Interpretation Needed 
I like the interpretative approach 

taken in "Recent Progress in Solid 
State Technology," p 39, Mar. 4. 
This is more meaningful than mere 
factual reporting. 

E. J. FERRIS 
NEW YORK, N. Y. 
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OHMITE 

RHEOSTATS 
NOW 11 Sizes! 12 1/2 to 1000 Watts 

Ohmrte offers you industry's most complete line of 
rheostats. All sizes are available from stock in a 
wide range of resistance values, including the 
NEW Model -E." Ten sizes are available to meet 
MIL- R-22A requirements in each of the 26 type 
designations. 

I 0 

16 Quality Engineering Features: 
1. Vitreous enamel bonds the core and 

base together into one integral unit. 

2. The wire is wound over a solid porce-
lain core, and each turn is locked 
against shifting by vitreous enamel. Uni-
form or tapered winding. 

3. Close graduation of control. Each turn 
of wire is a separate resistance step. 

4. Large, flat surface upon which the con-
tact brush rides. 

5. Metal-graphite contact brush (varied to 
fit current and resistance) insures good 
contact, with negligible wear on the 
resistance wire. 

6. Shunt pigtail of ample size carries the 
current directly to the slip-ring. 

7. Large slip-ring of high-current carrying 

ability minimizes mechanical wear and 
provides connection from the moving 
contact to the terminaL 

8. Potentiometer use. The rheostats are 
provided with three terminals so they 
can be used as potentiometers or volt-
age dividers. 

9. High strength ceramic hub insulates the 
shaft and bushings from all live parts. 
All sizes will stand a 3000 volt a-c 
breakdown test to ground. 

10. The contact arm is a long tempered 
steel spring which assures uniform con-
tact pressure at all times. Cadmium-
plated for corrosion resistance. 

11. Rounded pivot holds contact brush in 
flush-floating contact with wire. 

12. Stops which are keyed to the shaft and 

W-ite on company letterhead for Catalog. 58. 

LARGE RHEOSTAT 
DES(GN MODELS P. 
N, R, T. AND U: 225 
WATTS TO 1000 
WATTS, INCLU-
SIVE. OTHER MOD-
ELS ARE SIMILAR. 

base limit the rotation— thus no tor-
sional strain is imposed on the contact 
arm on stopping. 

13. Compression spring maintains uniform 
pressure and electrical contact between 
slip-ring and center leach at all times. 
e 

14. Models E, H. J, G, K. and L: End-
thrust is taken by a retaining ring. 

Models P, N, R, T, and U: End-
thrust is taken by a stop washer. Steel 
shaft in brass bushing provides a 
wear-resistant, wobble-free bearing. 

15. Ohmite rheostats meet requirements of 
NEMA and EIA (formerly RETMA). 

16. There are only ceramic and metal in the 
construction of Ohmite rheostats— 
there is nothing to char, burn, shrink, 
or deteriorate. 

MANUFACTURING COMPANY 

3610 HOWARD STREET 

SKOKIE, ILLINOIS 

RHEOSTATS • RESISTORS • TAP SWITCHES 

RELAYS • R.F. CHOKES • TANTALUM CAPACITORS 

VARIABLE TRANSFORMERS • GERMANIUM DIODES 
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• • • BY RADAR 
Atmospheric turbulence has the characteristic of reflecting microwave 

signals, with the degree of reflection depending on the severity of the 

turbulence. Returned to the aircraft, this reflected radar warning is dis-

played in a manner that warns the pilot of the exact location and extent 

of the turbulence, enabling him to change his course and fly around 

dangerous storms. Since the radar display also shows him "h Dles" in 

storms where there is little or no turbulence, the pilot can choose a course 

that will result in maximum safety and minimum delay. 

Commercial airlines use Varian klystron- equipped weather radar to 

assure the comfort and safety of passengers and the reduction to a mini-

mum of storm hazards and delays. Photo above shows radar antenna 

inside the Radome nose of a United Air Lines plane. 

In addition to the technical advantages of Varian klystrons to the equip-

ment designer, their rugged mechanical construction and long life are 

vital benefits to the user. These characteristics are reasons why Varian 

has become the world's largest manufacturer of klystrons. 

RIAN associates 
O ALTO 22, CALIFORNIA TUBE DIVISION 

Representat,es thrJout the world 
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ELECTRONICS NEWSLETTER 

STRETCH Computer Handles 
100 Billion Computations A Day 

Announcement of the solid-state 
$10-million-and-up STRETCH class 

of computers highlighted last 
week's annual meeting of share-
holders of International Business 

Machines Corp. in New York. 
The new class of computers, the 

same size as the IBM 704 but 75 
times faster, can complete 100 bil-
lion computations in a day. They 
will be similar to the STRETCH 
computer being completed for the 
Atomic Energy Commission at Los 
Alamos, N. M. 

Typical system has internal ca-
pacity of more than 1,4 million deci-
mal digits, with retrieval rate of 
2.18 millionths of a second from the 
main units. Company says that 
since several storage units can be 
operated at once, the system will 
accommodate 2 million instructions 
and 2 million pieces of data a sec-
ond. 

An "exchange" computer within 
the system routes information over 
32 channels, each of which can han-
dle many input-output devices that 
are compatible with existing IBM 
computers. Some STRETCH com-
puters will have a new random ac-
cess magnetic disk storage. A 
"Look-Ahead" device enables the 
computer to anticipate what is to 
come and automatically assign tasks 
to its various parts. 
IBM president Thomas J. Wat-

son, Jr. said the small unit costs of 
work performed at STRETCH 
speeds make the machine ideal for 
IBM Tele-processing data systems. 
Announced last month, these sys-
tems can gather information from 
many points, process and store it in 
a central computer, and make the 

data available to all points on de-
mand. 

At the other end of the speed and 
cost range from STRETCH, IBM 
announced the new solid-state, gen-
eral-purpose 609 punched card cal-
culator which will rent for $1,175 

a month or sell for $55,500. Com-
pany says it performs additions and 
subtractions at microsecond speeds 
(12-digit numbers in 392 micro-
seconds), and multiplications and 

divisions in milliseconds. Also dis-
closed: New TRACTOR magnetic 
tape system that can store 60 bil-
lion characters and will read and 
write at a speed of 1i million let-
ters or numbers per second. 

B-58's Countermeasures System 
Cost $124 Million Over 6 Years 

Delivery of the first operational 
Convair-made B-58 Hustler to the 
Strategic Air Command prompted 
release of information last week 
about work on the plane's "invisible 
electronic shield." Sylvania said it 
has been awarded more than $124 
million in contracts over the last six 
years for development and produc-
tion of the system, which baffles 
radar and radar-guided missiles. 
The electronic system has been 

fully integrated to meet the specific 
space and weight needs of the B-58, 
as well as its electrical, electronic 
and thermal characteristics, it was 
disclosed. The lightweight counter-
measure system consists of three 
major subsystems: radar warning, 
chaff dispenser control and radar 
track breaker. 

Studying Use of SAGE 
In Air Traffic Control System 

Two study programs relating to 

the possible use of the SAGE con-
tinental air defense system for air 
traffic control are now underway. 
One involves a two-year $5,974,-

500 contract awarded by the Fed-
eral Aviation Agency to the MITRE 
Corp., Lexington, Mass. Contract 
covers design of and experiments 
with a semiautomatic air traffic en-
route control system using current 
air defense SAGE facilities. Cost 
will be shared by FAA and USAF. 

FAA says the project will use a 
SAGE computer at Lexington and 

long-range radars in New England, 
New York and New Jersey. The 
agency says the test facility will 
tie in with experimental gear at 
the National Aviation Facilities 
Experimental Center near Atlantic 
City, N. J. (ELECTRONICS, p 28, 
Apr. 8). 

Second program is FAST ( for 
Flight Advisory Service Test), part 
of a larger joint Air Force-FAA 
project (TRAILSMOKE) which 
will run through the summer. FAST 
marks the first operational evalua-
tion of the SAGE Direction Cen-
ters by FAA traffic controllers, uses 
selected controllers at 38 sites in a 
test of the system's capability to 
provide civil and military planes 
with radar advisory information on 
potential air traffic conflicts. 

NEWS BRIEFS . . . 

G. Barron Mallory has been 
elected president of P. R. Mallory 
& Co., Indianapolis, Ind., succeed-
ing Joseph E. Cain. Philip R. Mal-
lory was re-elected chairman of the 

board of directors. Cain was elected 
co-chairman of the board and chair-
man of the executive committee. 
Charles Barnes was elected vice 
president for finance and Leon Linn 
was elected vice president. 

Ballistic missile computer for the 
Sky Bolt GAM-87-A guidance sys-
tem will be supplied by GE's Light 

Military Electronics department. 
Northrop's Nortronics division has 
guidance subsystem responsibility 
for the air-launched missile. Doug-
las Aircraft Co. has USAF prime 
weapons systems contract. 

Electron tube sealing process us-
ing optically-ground and mated 
glass stems and envelopes is ex-
pected to extend life of military 

tubes. Method, called polyoptic seal-
ing, enables evacuation of tubes be-
fore sealing, preventing degrada-
tion of internal elements. Chatham 
Electronics division of Tung-Sol 
Electric Inc., developed production 
methods under a contract with U. S. 
Army Signal Supply Agency. In a 
sample lot of miniature hydrogen 
thyratrons produced by the method, 
75 percent were still operating after 
1,500 hours. Flame-sealed tubes of 
the same type showed a 90-percent 
failure rate after 1,500 hours. 

NASA has selected Aeronutronic 
division of Ford Motor Co. for ne-

gotiation leading to construction of 
a 300-lb instrumented package to be 
landed on the moon in 2 years. 

electronics • MAY 6, 1960 
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Here is Francis Alterman, Manager of General Mills 
Digital Computer Laboratory, checking one of our newest 
computers which he helped design. General Mills com-
puters, both analog and digital, are being used in missile 

guidance, bombing and navigation systems, automatio 
surveying and in industrial control. In future space trave/, 
computers will help control navigational systems of space 
vehicles and will process data gathered in outer space. 

General Mills engineers work today . 

General Mills has been producing computers 

for nearly 20 years. Exciting new concepts 
in high speed magnetic tape units, ultra-high 
precision analog to digital converters and 
optical keyboards are examples of continuous 
developments in our over-all computer 
program. We work to improve reliability, 

increase speed, cut cost. 

Our research activities cover broad areas in. 
physics, chemistry, mechanics, electronics 

and mathematics. Some of the studies rep-
resentative of these activities are: ions in 
vacuum, deuterium sputtering, dust ero-
sion, magnetic materials, stress measure-
ments, surface friction and phenomena, 

trajectory data and infrared surveillance. 

In our engineering department, current 
projects include: specialized inflatable vehi-
cles and structures, airborne early warning 
systems, micro wave radar test equipment, 
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*um,: 
Mars seen from one of its moons ... illustration from book written for General Mills by Willy Ley. 

. to help you explore space tomorrow 

antennas and pedestals, infrared and optics, 
inertial guidance and navigation, digital 
computers—and many other activities. 

Our entire manufacturing department is 
geared to produce systems, sub-systems and 
assemblies to the most stringent military 

requirements. Our people have a wealth of 
experience in complex military projects. 

Write for free booklets: (1) Complete research, 

engineering and manufacturing capabilities 
of the Mechanical Division (2) New booklet 
on General Mills computers. 

MECHANICAL DIVISION 
1620 Central Avenue, Minneapolis 13, Minnesota 

To wider worlds—through Intensive Research • Creative Engineering • Precision Manufacturing 

General 
• 

Mills 
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WEINSCHEL 
ANTENNA PATTERN 
ANALYZER MODEL BA-7 

Measure 45 db ( r. f.) in one 
step using a maximum of 1 
microwatt r. f. power* 

*10o% square wave modulated 
at 1000 cps .1 cps. Observation 
time approximately 45 seconds for 
45 db; only .2 seconds for 30 db. 

Bandwidth variable 
from 2 to 15 cps 
with constant gain 

dom. 

L 

- 

MODEL BA-7 

The 13A-7 is the heart of a video detector 

system designed primarily for r. f. crys-
tals. For greater versatility, a d. c. bias-

ing circuit is included to permit use of 

conventional barretters, requiring a d. c. 

bias between 0 and 10 ma. The unit 

can be used to measure very high power 

ratios such as occur in making antenna 
pattern measurements, to determine the 

rejection coefficients of r. f. filters, and 

to calibrate attenuators. It has a wide 

dynamic linear range, a low noise level, 

and a wide r. f. frequency range where 

video crystal mounts are available. 

For complete specifications, 
write for Bulletin No. 141. 

Weinschel Fixed Coaxial Attenuators 
cover the frequency range of DC to 
12.4 KMC, Write for complete catalog, 

e specifying frequency 
range of interest. 

Weillschel Engineering 
KENSINGTON. MARYLAND 

WASHINGTON OUTLOOK 
THE DEFENSE DEPT. has stirred up a new rumpus with a proposal to control 
"controversial" or "inappropriate" advertising and public relations activity 

by military contractors. 
The new rules would go far beyond current security restrictions. They 

are in line with the Hebert Committee's recommendations that the Pentagon 
clamp down on advertising and PR which "provokes controversy and pro-
motes dissension, and introduces biased, narrow, and prejudicial considera-

tions into purely military decisions". 

This is what the new Pentagon regulation would bar: "inappropriate 
claims" of operational availability or capability of new weapons; discus-
sion of the economic impact of contract awards or cutbacks; discussion of 
relative merits of conflicting military strategy which might affect con-

tracting. 

Rep. John Moss ( D., Calif.), who heads the House Government Infor-
mation subcommittee, denounces the new rule. He claims Asst. Defense 
Secy. Murray Snyder would get the powers of an "advertising czar" under 

its provisions. 

THE PENTAGON'S new $700-million budget overhaul includes the special allo-
cation of $16.7 million to offset "price adjustments" and production delays 

in procurement of Air Force surveillance radar. 
Of this sum, $1.3 million is earmarked for use in the next three months, 

the remainder for fiscal 1961 starting July 1. The Air Force won't identify 
the contractors involved. The equipment includes height-finder radars and 
low-powered gap filler radar. The $16.7 million sum is being added to a 

$225.9-million radar procurement budget for fiscal years 1960 and 1961. 

ELECTRONIC INDUSTRIES ASSOCIATION has objected to the Labor Dept.'s pro-
posed definition of the "electronic equipment" industry for purposes of a 
survey of prevailing wages. This would be the first step in the prolonged 
determination of a Walsh-Healey minimum wage for producers of end-items. 

Walsh-Healey determinations are now also under way for producers of 
electron tubes and semiconductors and of component parts. The end-item 
case is in the earliest phase of the three electronic Walsh-Healey cases. 

The Labor Dept.'s proposed industry definition covers "the manufacture 
of electrical apparatus and sub-assemblies . . . involving the use of electronic 

tubes and/or solid state semiconductor devices." 

EIA claims this definition would conflict with Walsh-Healey definitions 
of other electronics industry segments. Instead, the association proposes 
a definition in terms of classes of products the industry makes—and limited 

to those that are specifically electronic. 
Examples: radio and tv transmitters and receivers; electronic navigational 

devices; electronic sound distribution devices; electronic search, detection, 

surveillance, and tracking devices; etc. 

THE PENTAGON has made a special analysis of prime contract awards to the 
25 leading contractors in fiscal 1959. It shows that 40.9 percent of the con-
tracts ( in terms of dollar value) were awarded on a fixed-price basis and 

58.6 percent on a cost-reimbursement type basis. 
The 25 leading contractors accounted for $12.3 billion worth of military 

business—or 54.6 percent of the total value of defense contracts placed in 

fiscal 1959. 

Over half the fixed-price contracts included incentive provisions—that is, 
the contractor's profit allowance increased or dropped as production costs 
fell below or exceeded contract target prices. The next most common type 

of fixed-price contract provided for a firm fixed price. 

All but $800 million worth of the cost-reimbursement type contracts 

included fixed fees—that is, the contractor was awarded a specific percentage 
of the costs as his profit. Only one percent of the contract awards to the 25 

top companies were made on a formally advertised basis. 
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Doing pulsed or 
"fast" circuit work? 

Square Wave Generator 
1 cps to 1 MC; 0.02 tisec rise time 

hp 211A Square Wave Generator. Versatile, wide range instru-
ment for testing oscilloscopes, networks, video and audio 
amplifier performance, modulating signal generators, meas-
uring time constants. Offers simple control of electronic 
switchers; is also convenient for indicating phase shift, 
frequency response and transient effects. 

Special features include two separate outputs — a 7 volt, 75 
ohm circuit for television work and a 55 volt, 600 ohm output 
for high level work. Both outputs offer full amplitude varia-
tion. May be operated free-running or externally synchronized 
with positive going pulse or sine wave signal of 5 volts mini-
mum amplitude. Compact, weighs only 25 lbs. Cabinet model, 
$300.00; rack mount model, $305.00. 

Pulse Generator 
0.07 to 10 psec pulses, 0.02 psec rise time 

212A Pulse Generator. Time saving basic instrument for 
radar, television and other "fast" circuit work, including test-
ing rf amplifiers, filters, band pass circuits; oscilloscopes and 
peak measuring equipment, pulse modulating uhf signal gen-
erators. Offers positive or negative pulses of 50 watts ampli-
tude, delay and advance sync out circuits for synchronizing 
to other circuits, direct-reading pulse length control, high 
quality pulses with 0.02 rise and decay, flat top and minimum 
overshoot. Jitter less than 0.01 µsec. Permits delivery of accu-
rate pulses to end of long transmission lines; if line is correctly 
terminated, pulse shape is independent of line length, sync 
conditions, input voltage or output attenuator setting. Internal 
impedance 50 ohms or less, either polarity. Repetition rate, 
internal sync 50 to 5,000 pps, external sync approximately 2 to 
5,000 pps. Cabinet model $585.00; rack mount model, $570.00. 

Call your 11, representative for details or write direct. 

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

HEWLETT-PACKARD COMPANY 
1030A PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. 

CABLE " HEWPACK" • DAVENPORT 6-7000 
HEWLETT-PACKARD S.A., RUE DU VIEUX BILLARD NO. 1, GENEVA 

CABLE " HEWPACKSA" TELEPHONE (022) 26. 43. 36. 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 

6370 

offers 122A Oscilloscope; dual trace, 200KC, $625 
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PUTTING MAGNETICS TO WORK 

Open your eyes to new amplifier designs! 
See how to combine tape wound cores and transistors 

for more versatile, lower- cost, smaler amplifiers 

Tie tape wound cores and transistors into a magnetic-
transistor amplifier, and open your eyes to new design 

opportunities. 

To start with, these are static control elements—no mov-
ing parts, nothing to wear or burn out. Next thing you 
find is that you reduce components' size—your amplifier 
is smaller and costs less. That's because between them 
the core and the transistor perform just about every cir-

cuit function . .. and then some. 
For instance? The core has multiple isolated windings. 
Thus you can feed many inputs to control the amplifier. 

The core also has a square hysteresis loop, and thus acts 
as a low loss transformer. That means you save power. 
In addition, the core can store and remember signals— 

so time delay becomes simple. 

16 CIRCLE 16 ON READER SERVICE CARD 

There's no need tor temperature stabilization, either. 
The transistor acts only as a low loss, fast, static switch— 

and in this function it has no peer. 

How do you want to use this superb combination? As a 
switching amplifier—or a linear one? In an oscillator? 
A power converter (d-c to d-c or d-c to a-c)? You'll have 
ideas of your own—and if they involve tape wound cores, 
why not write us? Ours are Performance-Guaranteed. 
Magnetics Inc., Dept. E-81, Butler, Pennsylvania. 

177RGIIETICS inc. 
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LOW POWER. Consider the 
high-efficier:y Raytheon 
1N536 series. 

POWER. Look into the 
Raytheon 1N253 and the new 

1N2512 series. 

Raytheon diffused Raytheon diffused junction (upper photo) gives utmost 

uniformity, highest performance, greatest reliability. 
Compare with irregular fusion junction (below). 

For reliable power . . . 
Depend on diffused 
Here are reliable Raytheon diffused junction silicon 
rectifiers spanning the complete semiconductor power 
spectrum! 
Raytheon manufacturing success in diffused junction 

rectifiers has long provided fast recovery, low forward 
voltage drop and extreme uniformity of device charac-
teristics. Outstanding mechanical design and produc-
tion under stringent quality control result in rectifiers 
with excellent ratings and characteristics. Utmost re-
liability is assured by constant life and environmental 
testing beyond the most stringent requirements of 
Mil 19500B, over the guaranteed temperature range of 
—65°C. to +165°C. 
Of special interest in low current applications of the 

1N536 series are the excellent reverse recovery, fast start 

HIGH POWER. Note the all- new 
Raytheon 1N248A, 1N1191A 

and 1N1195 series. 

junction rectifiers! 
and fast rise of Raytheon diffused junction rectifiers. 

In the four amp range, the Raytheon 1N2512 series 
features low reverse current and is available in three 
package styles: with insulated stud, stud connected to 
anode, or stud connected to cathode. 

In the higher current range, the new Raytheon dif-
fused junction silicon rectifiers offer ratings up to 22 
amps ( at 150°C.) —plus the important advantages of low 
forward voltage drop and high efficiency, for excep-
tional regulation in power applications. 

Further information on all these reliable Raytheon 
rectifiers is given on the following page. Semiconductor 
Division, Raytheon Company, 
215 First Avenue, Needham 
Heights 94, Massachusetts. RAYTHEON 



Raytheon diffused junction silicon rectifiers 
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LOW CURRENT SERIES. The 

fast reverse recovery, low cur-

rent Raytheon rectifiers. Fea-

ture both fast start and fast 

rise. Temperature range 

—65°C. to + 165°C. 

1N536 50 
1N537 100 
1N538 200 
1N539 300 
1N540 400 
1N1095 500 
1N547 600 

m6.6 

110110111•1» 

Ave. Rectified 
Current Reverse Current Max.) 

25°C 150°C in µA at rated P. I.V. 

750 
750 
750 
750 
750 
750 
750 

MEDIUM CURRENT SERIES. 

Workhorse of the Raytheon 

rectifier line. High efficiency 

and stability. Insulated or non-

insulated stud, standard or 

reverse polarity. Temperature 

range —65°C. to 4-165°C. 

Ave. Rectified 
Current 

Reverse Covent 
(max.) µA st 
rated P. I.V. 

Cathode Anode INSULATED P.I.V. 30°C 150°C 
to Stud to Stud Stud Volts amps. amps. 25°C 150°C 

1N2512 1N2512R 1N2518 100 4.0 LO 2.0 250 
1N2513 1N2513R 1N2519 200 4.0 1.0 2.0 250 
1N2514 1N2514R 1N2520 300 4.0 1.0 2.0 ::.,00 
1 N2515 1 N2515R 1N2521 400 4.0 1.0 2.0 ::'00 
1N2516 1N2516R 1N2522 500 4.0 1.0 2.0 :150 
1N2517 1N2517R 1N2523 600 4.0 1.0 2.0 400 
1N253 95 1.0* 100* 
1N254 190 0.4* 100* 
1N255 380 04* 150* 
1N256 570 0.2* 150* 

*At 135° C. 

HIGH CURRENT SERIES. The 

heavy current family of re-

liable Raytheon rectifiers. 

Features low forward voltage 

drop, high efficiency, excep-

tional regulation. Tempera-

ture range-65'CA° 175 °C. 
.450 

.156 
m. 

UNF 2A THO 

111111.111.111MIIM 11. 

Type P.I.V. 

Ave. Rectified 

Current, Amps 
@ 150°C. 

Reverse Curte-it 
(Max.) at Rated 

mA 
@ 150°C. 

1N248A 
1N249A 
1N250A 
1N1191A 
1N1192A 
1N1193A 
1N1194A 
1N1195 
1N1196 
1N1197 
1N1198 

50 
100 
200 
50 

100 
150 
200 
300 
400 
500 
600 

20 
20 
20 
22 
22 
22 
22 
18 
18 
18 
18 

5 
5 
5 
5 
5 
5 
5 

10 
10 
10 
10 

Your local authorized Raytheon Distributors 

carry in-stock inventories for immediate delivery. 

SEMICONDUCTOR DIVISION RAYTHEON OAY 
SILICON AND GERMANIUM DIODES AND TRANSISTORS • SILICON RECTIFIERS • CIRCUIT-PAKS 

ENGLEWOOD CLIFFS, N. .1., LOwell 7 4911 (Manhattan Phone. Wisconsin 7-6400) • BOSTON, MASS.. Hilicrest 4-6700 • CHICAGO, ILL., NAtional 5 4000 • LOS ANGELES, 

CAL., NOrmandy 5-4221 • ORLANDO, FLA., GArden 3-0518 • SYRACUSE, N. Y., GRanite 2-7751 • BALTIMORE, MD., SOuthfield 1 0450 • CLEVELAND, O., Winton 1 7716 

SAN FRANCISCO, CAL., Fireside 1 7711 • CANADA: Waterloo, Ont.. SHerwood 5-6831 • GOVERNMENT RELATIONS: Washington. D C. MEtropolitan 8.5205 
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The Aerocom 1046 Transmitter is 

designed to give superior perform-

ance for all point-to-point and 

ground-to-air communications. It 

is now in use throughout the world 

in climates ranging from frigid to 

tropical (operates efficiently at 

—35° to + 55° Centigrade). 

As a general purpose High Fre-

quency transmitter, the 1046 sup-

plies 1000 watts of carrier power 

with high stability (above —10° 

Centigrade: ± .003% for telegraph 

and telephone. Temperature con-

trolled oven for FSK). Multi-

channel operation is provided on 

The world-famous 

AEROCOM 1046 

TRANSMITTER 

1000 W CARRIER POWER 
WITH HIGH STABILITY 

telegraph Al, telephone A3 and 

FSK (Radio Teletype). It can be 

remotely controlled using one pair 

of telephone lines plus ground 

return with Aerocom Remote 

Control Equipment. Front panel 

switches and microphone are in-

cluded for local control. 

Four crystal-controlled frequen-

cies (plus 2 closely-spaced fre-

quencies) in the 2.0 - 24.0 mega-

cycle range can be used one at a 

time, with channeling time only 

two seconds. Operates into either 

balanced or unbalanced loads. 

The power supply required is 

nominal 230 volts, 50 - 60 cycles, 

single phase. 

The housing is a fully enclosed 

rack cabinet of welded steel, force-

ventilated through electrostatic 

filter on rear door. 

Telegraph keying (Al): Up to 

100 words per minute. Model 1000 

M Modulator (mounts in trans-

mitter cabinet) is used for tele-

phone transmission; a compression 

circuit permits the use of high 

average modulation without over-

modulation. Model 400 4 Channel 

exciter is used for FSK. 

Output connections consist of 

4 insulated terminals (for Mar-

coni antenna) and 4 coaxial fit-

tings Type SO-239, which can be 

used separately or in parallel in 

any combination. For 600 ohm bal-

anced load, Model TLM match-

ing network is used, one for each 

transmitter channel. 

As in all Aerocom products, 

the quality and workmanship of 

Model 1046 are of the highest. All 

compohents are conservatively 

rated. Replacement parts are al-

ways available for all Aerocom 

equipment. 

Complete technical data on 

Aerocom Model 1046 available 

on request. 
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FROM 
DELCO RADIO 
NEW IDEAS 
FOR 
DEFENSE 

5/8 actual size 

HIGH CAPACITY STATIC INVERTERS WITH NO MOVING PARTS 

Delco Radio's high capacity Static Inverters and Converters fill a critical 
need in missile guidance and control—offering extremely reliable, very 
highly regulated power of precise frequency. The Static Inverters use direct 
crystal-frequency control and digital logic circuits to produce accurate, 

single or polyphase power output. They have no moving parts. There is nothing 
that can get out of adjustment. Electrical characteristics are: High Capacity-
150 to 4,000 volt-amperes. High Efficiency-65 to 90% depending on power and 
control (precision and regulation) required. Accurate Phase Angle Control—to 

0.5 degree. Precise Frequency Control—up to 6 parts per million maximum variation under all load and 
environmental conditions. Voltage Amplitude Control—to ± 1% no load to full load. Low Distortion— 
typically 2% total harmonic distortion. Delco Radio has developed and produced power supplies for 

missiles such as the Air Force's Ballistic Intermediate Range Thor, Intercontinental 
Titan, and the pilotless aircraft Mace. For further information on military electronics, 
write to our Sales Department. Physicists and electronics engineers: Join Delco Radio's 
search for new and better products through Solid State Physics. 

DELCO 
PIONEERING PRECISION PRODUCTS THROUGH SOLID STATE PHYSICS RADIO 

Division of General Motors • Kokomo. Indiana 
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AVAILABLE NOW FROM TI 

100:1 
miniaturization 

with 

Or Ette 
semiconductor networks 
Now — 3 years ahead of industry's expectations — 
Solid Circuit semiconductor networks from Texas Instru-

ments for many of your high- reliability miniaturized systems! 

Solid Circuit networks are a major departure from conven-
tional components because they integrate resistor, 
capacitor, diode, and transistor functions into a single 
high-purity semiconductor wafer. Protection and packaging 
of discrete elements is eliminated, and contacts between 
dissimilar materials are minimized, reducing element 
interconnections as much as 80% . Fabrication steps have 
been reduced to one-tenth those required for the same 

circuit function using conventional components. 

SEMICONDUCTOR NETWORK CONCEPT 

The concept of a semiconductor network is the rela-
tion of conductance paths in a semiconductor to the 
classical circuit elements, establishing an orderly 
design approach based on circuit knowledge. In this 
manner, semiconductor networks may be designed to 
perform the functions of a wide variety of existing 
circuits. Through the proper selection and shaping 
of semiconductor conductance paths, st is possible 
to realize such electronic functions as amplification, 
pulse formation, switching, attenuation, and rec-
tification. 

An assembly of 13 Solid Circuit networks, 

actual size, performs a full serial adder 

function, replacing 85 conventional compo-

nents with a 100:1 size reduction. Weight: 

1.5 gm. Volume: 0.02 cubic inch. 

'Trademark of TEXAS INSTRUMENTS INCORPORATED 

TEXAS 

Only a few process steps and time-proved TI mesa produc-
tion techniques permit a high degree of process control 
in Solid Circuit network fabrication. The result of these 
facts: reliability is built into each Solid Circuit network. 

If you need to reduce equipment size and weight — or to 
design a more complex system in the same size— inves-
tigate Solid Circuit networks for your missile, satellite, 
space vehicle, and other microelectronic programs. TI 
engineers are ready to custom design this concept to your 
requirements. Contact your nearest TI Sales Engineer 
today. The TI Type 502 Solid Circuit network is imme-
diately available for your evaluation. 

TI Type 502 silicon Solid Circuit network is intended for binary counter, flip-flop, 
or shill register applicaions. The dimensions of the glass- to- metal hermetic- sealed 
package are 0.250 x 0.120 x 0.030 inch. 

OUTPUT 2 

BASE 2 

o 

+ 6 v 
OUTPUT 1 

o 

0•INPUT 0 GND 

4 EQUAL SPACES 
EACH 0.047 

0.031-1 

O
î. 50  ..  

0.120 TI 
(ACTUAL SIZE) 

o 

BASE 1 

o 

 0.250 I ALL DIMENSIONS IN INCHES 

INSTRUMENTS 
INCORPORATED 

SEMICONDUCTOR-COMPONENTS DIVISION POST OFFICE BOX 312 • DALLAS. TEXAS 

1 
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TAPCO ANALOG 
COMPONENTS 

For airborne equipment 
TAPCO analog components have been proved in various classified 
aircraft and missile applications. The TAPCO line includes: 

• Position Servos 
• Velocity Servos 
• Miniaturized Servo Amplifiers 

Eight-Speed, 
Eight- Position Servo 
• 

For further information, write on your 
company letterhead indicating your 

specific product interest 

• Tracking Computers 
• Data Conversion Units 
• Arithmetic Computers 

Transistorized 
Servo Amplifier 

PERFORMANCE DATA: TRANSISTORIZED EIGHT-SPEED 
SERVO ( Illustrated at left)— Speed Range: From 1 to 2.5 rpm. 
Speed Tolerance: ±-0.2% over temperature range of 50°F to 

85°F. Angular Vibration Tolerance: 5 x 10-5 radians double 
amplitude. Acceleration: Zero to maximum speed within 0.2 

seconds. Transition time: Speed change time within 0.1 
seconds. Torque Output: 100 oz. in. with 15 watts input. Higher 
torque available with increased power consumption. Power 
Requirements: 10.0 watts steady rate. 18 watts peak during accel-

eration or speed change. PHYSICAL DATA—Size: 103/4 " x 73/4 " 
x 81/2 ". Weight: 51/4  lbs. 

For ground support equipment 
All TAPCO GSE analog computer components use MIL-approved 
parts for highest reliability. Modular construction of these com-
ponents allows compact assembly on chassis. The TAPCO line 
includes: DC Operational Amplifiers, Servo Amplifiers, Buffer 
Amplifiers, Electronic Modulators, Position and Rate Servos, 
Vector Servos, Aircraft Dynamic Simulator, Coordinate Convert-
ers, Special Multipliers and Dividers. Ballistic Computer. 

PERFORMANCE DATA: DC OPERATIONAL AMPLIFIER— 
Gain: 10(; open loop at 0.0: cps. Drift: Less than 100 micro-volts. 
Linearity: .±. 1% of input voltage. Input Power: 25 watts. Out-
put Voltage: -±- 85 V DC-50K Load, -±-40 V DC- 8K Load. 
Noise: Less than 100 micro-volts. PHYSICAL DATA—Size: 4" 
x 83/8" x 21/2 ". Weight: 9 oz. 

PERFORMANCE DATA: AC SERVO AMPLIFIER—Gain: 

Open loop 60,000. Gain: With external feed-Dack 10,000. Input 
Impedance: Greater than t megohm. Frequency Response: To 
40 cycles. Input Power: Approx. 40 watts. Output Power: Approx. 
6 watts. High Impedance Servo Motor Output. PHYSICAL 
DATA: Size: 5" x 7" x 33/4 ". Weight: Il oz. 

TAPCO GROUP 
TRw Thompson Ramo Wooldridge Inc. 

.....m.... DEPT. EL- 560 • CLEVELAND 17, OHIO 

DESIGNERS AND MANUFACTURERS FOR THE AIRCRAFT, MISSILE AND SPACE, ORDNANCE, ELECTRONIC AND NUCLEAR INDUSTRIES 
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FINANCIAL ROUNDUP 

GE Orders Rise 9 Percent 

FIRST-QUARTER SALES for General 

Electric Co. this year totalled $957,-
433,000, off two percent from the 
equivalent period of 1959 when the 
figure was $976,568,000. Net earn-
ings for both periods were "practi-
cally identical," according to GE, 
with this year's amount standing 
at $52,614,000 or 60 cents a share. 
R. J. Cordiner, company chairman, 
calls the outlook for the remainder 
of the year "favorable" and says 
total orders received for all GE 
products are up 9 percent over last 
year's first quarter. The net earn-
ings of $52.6 million were equiva-
lent to 5.5 cents per dollar of sales, 
a slight rise over the 5.4 cents for 
a year before. 

The Martin Company reports in-
creases in sales and earnings for 
the first quarter of this year. Sales 
and other income came to $140,-
839,907, compared with $122,332,-
650 in 1959, an increase of 14.9 
percent. Net income after federal 
taxes rose 14.8 percent in 1960 to 
$3,488,112, up from $3,038,470. Net 
earnings per share in the 1960 first 
quarter were $1.13, compared with 
99 cents in 1959. 

Westinghouse Air Brake Co., Pitts-
burgh, Pa., announces consolidated 
sales for itself and its subsidiaries 
of $46,757,163 for the first quarter 
of 1960. This compares with $41,-
988,902 for the same period in 1959, 
tn increase of 11 percent. Earnings 
before income taxes were $3,902,-
273, compared with $3,615,216 the 
year before. Net income after taxes 
in the 1960 first quarter was 
$2,008,417, and in the 1959 first 
quarter, $1,985,814. Per-share earn-
ings in this year's first quarter 
were 48 cents, up one cent over a 
year ago. 

Texas Instruments reports record 
first-quarter sales this year of $56,-
198,000 and earnings (after taxes 
and preferred dividends) of $3,-
897,000, or 99 cents a share on 
3,916,921 shares outstanding. These 
figures compare with 1959 first-
quarter sales of $29,993,000 and 
earnings after taxes of $2,400,000, 

Ampex 2,109 353s 311/4  

RCA 1,505 7 8 3 8 721/2 
Intl Tel & Tel 1,367 42 397/8 

Gen lint 1,180 301/4  251/2 

Gen Tel & Het 1,138 87 814 
Varian Assoc 864 513/4  485/8 
Barnes Engn'r 795 363/4 273/4  

Beckman Inst 752 787/8 71 
Sperry Rand 748 217/8 21 

Siegler Corp 704 401/4  375,4 
Westinghouse 634 55 53% 
Philco Corp 589 3334 31% 

DuMont Labs 576 10 91/8 

Western Union 574 46% 433/4  
Raytheon Mfg 454 42 393/4  

Am Corp 454 137/8 1244 
Heli Coil 411 473/e 433/8 

Lockheed 397 453/8 413/s 
Litton Ind 381 787/8 73 
Dynamics Corp Amer 362 111/2  101/4  

Herold Radio 348 65/8 5 
Texas Inst 344 2181/4  2021/4  

Electronics Corp 340 161/s 13143 

Collins Radio 313 601/4 564 

Standard Coil 312 147/s 133/8 

or 74 cents a share on 3,256,988 
shares then outstanding. The 1960 
first-quarter sales and earnings 
were both up 32 percent over the 
1959 mark. 

Standard Coil Products, Melrose 

Park, Ill., announces first-quarter 
1960 sales up 32 percent over last 
year, with earnings up 47 percent. 
The consolidated sales figures this 
year were $21,871,820, compared 
with $16,591,852 in the same period 
of 1959. Net income in 1960 was 
$572,125, equal to 29 cents a share. 
In 1959 it was $390,397, equal to 20 
cents a share. These figures are 
both first-quarter totals only. 

Westinghouse Electric Corp. re-
ports net income for this year's first 
quarter increased 35 percent over 
the corresponding period a year 
ago, $19,496,000,000 on billings of 
$458,817,000. Net income equal to 
55 cents a share was the second 
highest ever reported by the com-
pany, having been exceeded only in 
1954. Last year, this figure was 41 
cents a common share. Net book-
ings are up 20 percent this year 
over the 1959 first quarter. 

25 MOST ACTIVE STOCKS 
WEEK ENDING APRIL 22 

SHARES 
(IN 100's) HIGH LOW CLOSE 

32% 
744 

411/4  
29 

84% 
504 

353/4  
77 

211/4  
391/2  

543/4 
31% 

91/4 
467/4 
393/4  
13 

44% 

441/4  
745/8 
111/4  
6 

2075/s 

16 

561/4  

14% 

The above figures represent sales of electronics 
stocks on the New York and American Stock 
Exchanges. Listings are prepared exclusively for 
ELEcraoracs by Ira Haupt 8: Co., invesunent 
bankers. 

ARE YOU' 

MEASURING ... 

• Actual life span of 
your equipment? 

• Consumption of rated 
life of critical equip-
ment or components? 

• Mean-time-to failure? 

You can reduce the odds against failure 
by constant monitoring and timely replace-
ment of equipment approaching the end of 
assured performance ... by thoughtful 
application of the . 

SUB- MINIATURE 

ELAPSED TIME INDICATOR 

MODEL 
WT-1 

Actual 

Size 

M 1 'A 6" O.D. X 'I' 6" 3 OZ. 
10,000 Hour Total Readout 

(Easily Read to Closest Hour) 
400 CPS 

Whether it's for reliability and life testing, 
design or system analysis, utilization studies 
. . . or to continuously monitor and log 
critical equipment or components . .. when 
you incorporate the Waltham WT-1 in your 
plans, you add that "measure of reliability" 
so important for military acceptance. 

The WT-1 meets MIL-E-5272A 
and is available "FROM STOCK" 

Write Now for Bulletin 50011 

W la& H 1%4E 

\AA/WV\ 
PRECISION INSTRUMENT 

COMPANY 

Waltham 54, Massachusetts 
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NOW AVAILABLE 

Rugged New Eimac X778 

Traveling Wave Tube 

One Watt Output, 55-60 db Gain 

Purchase orders are now being accepted on Eimac's pioneering new 
high gain traveling wave tube, the X778. 

Unique features of this advanced one watt CW traveling wave tube include 
its exceptionally wide frequency range- 5.0 to 11.0 KMc., small signal power 
gain of 55-60 db, and light weight permanent magnet focusing. 

Like all other Eimac ceramic- metal tubes, this TWT "can take it." 
The X778 was especially designed to operate under severe environmental 
conditions of shock, vibration, temperature variation and high altitude. 
Breakage is a thing of the past, resulting in greatly reduced 
tube replacement costs. 

The Eimac X778 finds wide usage in electronic counter-measures, radar 
augmentors, data links— in any application where more than one tube would 
normally be required to cover the C and X bands. This means significant 
cost reduction and increased system reliability. 

Contact R & D Marketing Department for additional details and information 
on how this tube type may be modified for your requirements. 

70 

60 

50 

40 

30 

20 

10 

o 

General Performance Characteristics 

Eimac X778 Traveling Wave Tube 

Saturated Power Output ( dbm) 

3 4 5 ô 7 8 9 10 11 12 

Frequency ( KMc) 

EITEL-McCULLOUGH, INC. • San Carlos, California 

1W 
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\ek I. 

•SAC standards are met 
by SYLVANIA TRANSISTORS 

••• 

• • • • 

• • • • • 

SYLVANIA-1655 ... for example, is used extensively in POLARIS. 

Imagine the complexity of the electronic system that must obtain target 

data, translate it into launching information and transmit intelligence to 

the guidance system of the " bird." Here, there can be no compromise 

with reliability. That's exactly why SYLVANIA has become a principal 

source of supply for NAVY- type R-212 ( SYLVANIA-type SYL-1655) 
PNP-transistors used in the Polaris -bird" and its underwater " nest." 

SYLVANIA-2N388 meets all requirements of MIL-T-19500/65 

(NAVY). Originated by SYLVANIA, this NPN unit is designed and con-

trolled specifically for computer applications where reliability, high 

gain and rapid switching capabilities are needed. 

SYLVANIA-2N404 meets all requirements of MIL-T-19500/20 

(USAF). This Sylvania PNP-type incorporates many of the features of 
the ultra- reliable SYL-1655 used in Polaris. 

SYLVANIA-1729 is an NPN switching-transistor developed especially 

for SAC PROJECT 465L, the world-wide digital communications system. 

SYL-1729 is further proof of SYLVANIA capability in the design, pro-

duction - and delivery— of reliable semiconductors. 

• eeeeeeeeeeeeeeeeeeeeee •••••••••••••••••••••••••••• 

Sylvania is prepared to custom-design semiconductor devices to your 

specific requirements, too. Contact your Sylvania Reprçsentative. For 

technical data on current types, write Semiconductor Division, Sylvania 

Electric Products. Inc., Dept. 224A, Woburn, Mass. 

SYLVANIA_ 
subsee e MENU TELEPHONE gRECTRONICSe:  
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RIF 

COAXIAL 
CABLES 

for the 

ELECTRONICS INDUSTRY 

conforms to 

Government Specifications 

Write Dept. E for 

DESIGN INFORMATION 

WIRE AND 
CABLE CORP. 

U. S. WIRE & CABLE CORP. 

UNION NEW JERSEY 

MARKET RESEARCH 

Exports 415 Million, Down 3% 
ELECTRONICS INDUSTRY exports in 
1959 totaled nearly $415 million, 
less than 3 percent below record 
year 1958 exports of $427.7 million, 
according to a tabulation of month-
by-month figures issued by the For-
eign Trade Division of the Bureau 
of the Census. 
The following table shows com-

parable dollar export figures in 1958 
and 1959 for 21 product groups: 

Radio sets   
Television sets 
Phonographs, all 

types, incl. parts 
and accessories. 

Recorders, disk, 
tape and wire  

Amplifiers and 
amplifier sys-
tems, all types. 

Tubes, cathode-ray 
Tubes, receiving  
Other tubes and 

parts   
Semiconductors   
Capacitors   
Resistors   
Inductors   
Loud speakers   
Unclassified parts 
Broadcast trans-
mitters and 
studio equipment 

Test and measure-
ment equipment 

Nuclear radiation 
detection&meas-
uring equip-

ment   
Computers and re-

lated processing 
machines& 
parts   

Land mobile, aero-
nautical and 
shipborne radio 
eqpt.   

Detection & navi-
gational eqpt  

Other equipment 
and apparatus  

1958 1959 
(Thousands of 

Dollars) 
9,215 $ 7,720 

... 25,036 20,600 

24,001 23,136 

12,187 10,986 

4,669 4,488 
17,183 16,338 
17,859 14,671 

16,985 18,328 
7,778 9,159 
5,400 6,129 
3,840 4,175 
4,946 3,972 
2,171 2,137 

31,792 38,637 

12,823 18,456 

27,063 36,679 

3,081 •1,C1 

17,627 22,875 

123,404 

44,175 

16,453 

transmitters and equipment for 
radio and tv broadcasting (up 44 
percent). Value of nuclear devices 
exported in 1959 is 50 percent 
higher than in 1958. 
While consumer electronics has 

lost ground in 1959-radio and tv 

sets are down; so are phonographs, 
but not so sharply-most com-

ponents are up. Semiconductors, 
capacitors and resistors all show 
healthy gains, although inductors, 
loud speakers and some tubes are 

down. 
Biggest drop was in exports of 

land, sea and air mobile radio 
equipment, down 26.5 percent from 
$123 million in 1958 to $90.7 million 
in 1959. 

The Sixties will see marketing 
research and planning activities 
merging, Dr. Wendell R. Smith, 
RCA's director of marketing re-
search and development, told the 
Electronic Industries Association's 
semiconductor marketing forum. 

Pointing to use of techniques de-
veloped by market researchers in 
solving nonmarketing business 
problems, he sees the possibility 
that in some firms marketing re-
search may become known as man-
agement research. 

Thousands FIGURES OF THE WEEK 
of Units 

90,679 
250 

44,351 
200 

16,772 
150 

$427,688 $414,919 

Big gains show up in test and 
measuring equipment (up 35.5 per-
cent) in computers and associated 
equipment (up 29.8 percent) and in 

Production 
Week of 4-15 

Radio 
Sets 

Total 

APR I APAJJASONDJFM 
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Extending existing modulation systems to make 
more space available in the spectrum, and possibly 
even broadening the useful spectrum . . . this is 
a fundamental problem in modern communications. 
It is the problem to which ITT Laboratories is 
devoting intensive effort. 

At the low end we're designing a new type antenna 
for very low frequencies. With a conventional 
antenna this would require a tower more than three 
miles tall. On the top side — at the high end — 
we're making radiation pattern surveys for the 
super high frequency bands. Here the entire antenna 
consists of a few millimeters of number eighteen 
copper wire. We're matching these efforts with ad-
vances in componentry . . . for instance, the para-
metric amplifier and now the ingenious ferroelectric 
converter which converts solar heat to high voltage 

electricity to power new satellite communications. 

If you are a communications engineer who would 
like to be associated with some of the most signifi-
cant programs in modern communications develop-
ment . . . if you would like to work with men who 
are stretching the spectrum toward direct current at 
the bottom and the cosmic rays at the top . . . 
write Manager Professional Staff Relations . . . 
tell him your interests, your background and the 
kind of work you would like. 

ITT LABORATORIES 
A Division of International Telephone 
and Telegraph Corporation 

500 Washington Avenue, Nutley, New Jersey 

Fort Wayne, Indiana • Palo Alto and San Fernando, California 



Who's the local rep? 
What's his number? 

LOOK IN THE NEW 

electronics BUYERS' GUIDE 
You'll find the local representative . . . his 

name, telephone number .... his address. You'll 
find such detailed information about more than 
25,000 local sales offices of more than 4,000 
major manufacturers. 

There's also a wealth of reference data about 

markets, materials, components and applica-
tions that make buying easier. Catalog informa. 

BP 

electronics 
BUYERS' GUIDE 

REFEIttN“ MAX 

tion on nearly 700 different advertised products 
(that's about 42% more than you'll find any-
where else). Also complete lists of manufac-
turers . . . registered trade names . . . and also, 
of course, the most complete listing of electronic 
and related products. Tells what you want to 
know ... when you're ready to buy. 

A McGravr•Hill Publication • 330 ‘Vezt 42nd Strool s Now York 36, Now York 
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HIGH P WER 
IN SMALL PACKAGES 

HIGH I= INER 
IN SMALL PACKAGES 

HIGH ROWER 
I N FyI & L L RAC KAM ES 

1-1 I=3EJ VVE 1= 
I I•1 Sf.A Al...L. PA G IKAG ES 

1-11 I 11-1 1==le 1= 
I NI S MI L.— PACK 41=bil. G E 
Unhampered by traditional think-

ing, TELECHROME engineers have 

developed an entirely new concept 

in telemetering equipment un-

equalled in compactness, rugged-

ness and dependability. 

TEL 

FOR MESSAGES FROM OUTER SPACE 

TELEMETRY • COLOR TV • INDUSTRIAL INSTRUMENTATION 

28 RANICK DRIVE, AMITYVILLE, N. Y. Lincoln 1-3600 
Cable Address: COLORTV TWX: AMITYVILLE NY2314 

WESTERN ENGINEERING DIVISION • 13635 Victory Blvd. 

Van Nuys, Calif., STate 2-7z79 

MIDWESTERN ENGINEERING DIVISION • 106 W. St. Charles Rd. 
Lombard, III., MAyfair 7-6326 

SOUTHWESTERN ENGINEERING DIVISION • 4207 Gaston Ave. 

Dallas, Teo., TAylor 3-3291 

TELEMETERING TRANSMITTERS FM/FM or PUM/FM Crystal Controlled 
215 to 260 Megacycles 

NEW! 1483A1 — 4 Watt FM Transmitter. 

We" x 23/4 " x 4" 

Features AFC for .005% stability 

Model 1460-M RF Amplifier 

r-
• 

3.37" x 3.25" X 2'° 
2 Watt input; 10-30 Watt output 

Model 1462 Transmitter. 

6" x 41/4" x 33/4 " 

50 to 80 Watts 

Model 1463 Transmitter. 

'00 • 
• 

5"/32" X 3' 3/16" X 4" 
15 to 30 Watts 

Model 1466A-AF Amplifier 

6.5" x 4" x 3.25" RF Amplifier 
2 watts in — 100 watts out 

800C — Sub-Carrier Oscillator 

SO°  1.5" x 1.9" x 2.45" 
Dee. Stab: 1% band width 

Dee. Linearity: Less than 1% band width 

Full Specifications /1 Details Available on Request 
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offers a continuously Tunable (40 to 180 mc) IF Amplifier 

for continuous 

autornatic 

noise figure 

measurement 

Adding new versatility to 

your Automatic Noise Figure Meas-
urement equipment, AIL now offers 

the outstanding Type 71 Automatic 

Noise Figure Indicator with a tunable 

Frequency IF Amplifier... or you can 

purchase the Tunable IF Amplifier for 

modification of your present Type 71 

equipment. 

Single frequency units are 

also available with greater sensitivity 
and broader bandwidth. 

The AIL Type 71 is designed 

to permit the adjustment of receiver 
parameters to minimize noise figure. 

No special training is required for use 

on the production line, in the labora-

tory, or in the f eld. 
Part Number 

Meiel 

clitArk, tkee,kLqk pemlatearice, reatora 
Noise Figure Range, 

Accuracy 

RF or IF.. High range —23 to 36 db with 
extension to infinity 
Low range —0 to 25 db 

  Automatic: Low range 2=1/2 db; 
High range -2--1 db 

Manual: -± 0.1 db with AIL 
Type 30 Attenuator 

Automatic Operation  AGC range: 65 db minimum 

Manual Operation  Front panel IF gain control 

Input Frequency  30 and 40 to 180 mc (tunable); 
other frequencies available 

Sensitivity  100 microvolts 

Bandwidth   2.0 mc minimum 
Recorder Outputs  Noise figure and AGC 

Standard Models Available 
Band- Sensi-

IF (mc) Width tivity Price 

07413 
07416 
07414 
07404* 

* IF Amp. Only 

Write for full information to: 

30 (fixed) 
60 (fixed) 

30 & 40 to 180 
30 & 40 to 180 

6 50 $765 
6 100 $765 
2 100 $830 
2 100 $330 

Twelve AIL Type 70 Noise Generators 
provide continuous coverage from 12 mc 
to 40,000 mc... most complete line of noise 
generators available for automatic noise 
figure measurements. 

AIRBORNE INSTRUMENTS LABORATORY 

DEER PARK, LONG ISLAND, NEW YORK 

A DIVISION OF CUTLER-HAMMER INC. 
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new high-power harmonic ABSORPTION filter 

for SL band-1700 to 2400 mc 

Harmful harmonic interference from high-power microwave 
equipmeit should be, and can be, eliminated at the source. 

These unwanted signals literally disappear when passed through 
Sierra's new Model 204A Waveguide Filter. 

Representing a new approach to the elimination of harmonic 
interference, the Model 204A actually absorbs the 
unwanted energy with no app'eciable attenuation 

"NN. of fundamental signals within the pass band. High 
order harmonic, as well as low order, are 

equally attenuated. 

Currently available for SL band 
frequencies, Model 204 type filters 

can be supplied for other 
frequency ranges on special 

order. See your Sierra 
representative or 

write direct. 

SPECIFICATIONS 
Pass Band: 1700 to 2400 MC 
Insertion Loss: Less than 0.1 db in pass band 
VSWR: Less tnan 1.1 in pass band; 

less than 1.3 above pass 
band 

Attenuation 40 db minimum, 3400 MC to 
11000 MC 

Same as RG-104/ U below 
pas. band 

Maximum RF 25 KW average, 1 megawatt 
Power: peak 
Size: 45" long, 123,t" wide, 103/8" 

high; weight 120 pounds. 
Connections: UG 435A/U Flange 
Price: Model 204A (SL Band) 

$2,195.00 
Data subject to change without notice 

sierra 

Sierra 204A SL Band Pass Filter 

NEW 10 KW AND 1 KW KLYSTRON POWER AMPLIFIERS 

Two klystron power amplifiers, Model 216A ( 10 KW output) and 
Model 217A (1 KW) are now available from Sierra. Both units employ 
4-cavity klystron tubes, and are designed for scatter communications 
systems, space programs and high power point-to-point 
data transmission systems. 

Both units are continuously tunable from 1700 to 2400 MC and as 
broadband amplifiers provide a minimum gain exceeding 40 db. 

Except for its heat exchanger, Model 216A (10 KW, pictured) is housed 
in three connected cabinets. Its frequency bandwidth is 18 MC at 
1/2  power points. Model 217A (1 KW), is housed in one cabinet. 
Its 1/2 -power bandwidth is 15 MC. Write for details. 

SIERRA ELECTRONIC CORPORATION 
A Division of Phi/co c...tporation 

63 3 3A BOHANNON DRIVE • DAvenport 6.2860 • MENLO PARK, CALIFORNIA, U.S.A 
Sales representatives in all principal areas 

Canada: Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver 
Export: Frazar & Hansen, Ltd., San Franc.sco, Los Angeles C333 
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How Radiation Affects Tunnel 

Researchers at three companies now report severe 

degradation of tunnel diode's characteristics by 

exposure to certain magnitudes of nuclear radiation 

EVIDENCE is mounting this week 
that Esaki tunnel diode character-

istics are severely degraded by ex-
posures to nuclear radiation of the 
order of 10" fast neutrons/cm'. 

General Electric and Bell Tele-
phone Laboratories' researchers 
now support results of work per-
formed by Thomas A. Longo of the 
Sylvania Semiconductor division. 
Longo, who experimented with Syl-
vania tunnel diodes, reported his 
findings at a recent meeting of the 
American Physical Society. 

Valley Current Increases 

Longo's irradiation experiments 
with pile neutrons and 7-Mev elec-
trons indicate that germanium tun-
nel diode characteristics are se-
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verely degraded with exposures of 

the order of 10" neutrons/cm2 and 
10" electrons/cm2. 

Principal effect is an increase of 
the valley current which washes 
out the negative resistance region. 

In Air Force-sponsored work, 
J. W. Easley and R. R. Blair of BTL 
noted similar results in germanium 
and silicon tunnel diodes which they 
tentatively interpret in terms of a 
bombardment-induced increase in 
the so-called diode excess current 
with little change of the band-to-
band tunnel component of the total 
current. 

For germanium tunnel diodes, an 
increase in valley current occurred 
at the rate of 10 percent per 10' 
neutrons/cm' and the negative re-

..*-- 
fr 

\.\\ 

9.5 X 10 16 n cm 

ee 

ii / / 
-2/ / / 

/ /6.1 1 

1/ /3 
/ 

/ \s-s..,..... 
' 

•--.. 

,' / ... „, 
.•••••• 

.......____,...- 
.• 

/ 
• / 

ZERO 

EXPOSURE 

03 04 

FIG. 1—Characteristic curves of germanium Esaki diode 
measured at several levels of fast neutron exposure at 
Bell Telephone Laboratories 

FIG. 2—Power output versus voltage bias for an approxi-
mately 1-Gc germanium Esaki diode cavity oscillator 

P
O
W
E
R
 
O
U
T
P
U
T
 
D
B
 
B
E
L
O
W
 
O
N
E
 
M
I
L
L
I
W
A
T
T
 

30 

35 

40 

45 

50 

55 

60 

65i 

OSCILLATOR BIAS IN MILLIVOLTS 

sistance, which was initially 9 
ohms, increased on the order of 5 
percent per 10" neutrons/cm'. From 
Fig. 1 it can be seen that at an 
exposure of 9.5 x 10' fast neu-
trons/cm' the valley current had 
increased to approximately 160 per-
cent of its initial value and the 
peak current decreased by approxi-
mately 4 percent. 

Power Output Drops 

A 1-Ge cavity oscillator showed, 
for a given operating point, a 

power output decrease of 1.5 db 
per 10" neutrons/cnf, becoming in-
operative at 10" (see Fig. 2). 
A much more rapid rate of 

change was found for silicon units. 
At room temperature, the valley 
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Electronic Survey Gear Measures Lake 

Diodes 

current increased by a factor of ap-
proximately two for an exposure of 
9 x 10" neutrons/cm". 

R. A. Logan and A. G. Chynoweth 
of BTL irradiated several Esaki 
diodes with 800-Key electrons and 
found the valley current rose quite 
rapidly until the negative resist-
ance region of the device was en-
tirely destroyed at integrated elec-
tron fluxes of the order of 10'7 elec-
trons/cm". 

How They Compare 

According to Bell researchers, 
this means tunnel diodes are some-
what, but not substantially, less 
sensitive to radiation than the least 
sensitive of other semiconductor de-
vices. They point to the germanium 
diffused-base transistor which was 
reported' to permit circuit opera-
tion up to 10' neutrons/cm". 
GE researchers feel, however, 

that tunnel diodes are still gen-
erally much more radiation re-
sistant, as ordinary transistors are 
affected by 10" neutrons/cm". On 
the other hand, they claim their 
7077, 7462 and 7266 ceramic tubes 
have withstood 10" fast neutrons/ 
cm' without any observed perma-
nent changes in their characteris-
tics. 
By way of reference, the Enrico 

Fermi Fast Breeder Reactor being 
built at Lagoona Beach on Lake 
Erie is designed to have an average 
effective core flux of 0.5 x 101" 
neutrons/cm'/sec. 

REFERENCE 

(1) R. R. Blair, W. P. Knox and J. W. 
Easley, Transistor Circuit Behavior at 
Exposures Greater than 10 ,6 Fast Neu-
trons/cm2, paper presented at 1959 Second 
Conference on Nuclear Radiation Effects 
on Semiconductor Devices, Materials and 
Circuits. 

New magnetometer by Varian Associates computes and measures magnetic 
field components. Firm says unit cuts point reading time considerably 

European Combine 
To Produce Hawk 

HAWK AIR DEFENSE guided missile 
system will be produced in Europe 
by a company jointly set up by five 
electronics firms in as many coun-
tries. 
Under an agreement signed this 

month with U. S. Hawk prime con-
tractor Raytheon, Setel ( for Societe 
Europeanne de Teleguidage) will 
get patent licensing rights and 
knowhow. 
The European companies are 

Thomson-Houston, France; Finnec-
canica, Italy; Telefunken, West 
Germany; Ateliers de Construction 
Electrique de Charleroi, Belgium; 
and Philips, Netherlands. 
Hawk production plans, which 

will give NATO its most advanced 
weapon system to counter air at-
tack, will go ahead after additional 
agreements are signed by Setel 
with NATO's production organiza-
tion and the five member national 
prime companies. Raytheon will 
assist in setting up the European 
production lines. 

Recently, the Hawk scored the 
first interception and destruction of 
a ballistic missile when it demo-
lished the larger Honest John. 

Both missiles were traveling at 
supersonic speeds. 
The arrangements for European 

production of Hawk are expected 
to set a pattern for production of 
new weapons for NATO. 

Telescope Cost Soars 
Over $100 Million 

SUGAR GROVE, W. VA.—Cost esti-
mate on the world's largest radio-
telescope now under construction 
has soared to $100,600,000, Capt. 
Frank C. Tyrrell, Navy officer in 
charge, said. The installation, 
known as the Sugar Grove Radio 
Research Station, is located about 
75 miles northwest of Waynesboro, 
Va. 

Tyrrell recalled that the first esti-
mate of the cost was $79 million. He 
said the development of scientific 
and mechanical facilities never be-
fore attempted in a comparatively 
new field of research had caused the 

original estimates to be upped. 
The Navy officer said that steel 

erection on the big dish will start 
by the end of this month. American 
Bridge Division of U. S. Steel has 
the $19-million contract for the 
steel now being fabricated. 
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A TRUE 

The El Model 800 True Rms Digital Voltmeter 

DIGITAL VOLTMETER 
This revolutionary instrument incorporates a unique temperature stabilized diode 

network, operating on the square law principle, to yield a true rms voltage reading, 

regardless of the AC wave form or DC.. No hot wire elements of any kind arc used. 

• All-electronic, totally-transistorized 

• 0.1% accuracy for crest factors up to two 

• 0.1% response from 50 cps through 5KC 

and at DC 

• Higher frequency response (at least 

10KC) at reduced accuracy and for certain 

waveforms 

• 3 second balance time, typical 

• Calibration accuracy held for minimum 

of 30 days— typically much longer 

• Automatic ranging Range: 

Balance time: 

Ask your nearest El Temperature: 

soles office or representative for Power: 

complete information today! Dimensions: 

SPECIFIC \TIONS 

Accuracy: Within the range and frequency capability of the instrument, 
RMS value of crest factor not exceeding two will be indicated 
to =`- 0.1% of reading or two digits, whichever is greater. 

The instrument accurately accounts for: 

Harmonic components 50 cps to 5KC 0.1% or 2 digits 
Sinusoidal response 50 cps to 5KC 0.1% or 2 digits 
Square wave 50 cps to 1KC 0.1% or 2 digits 
Triangular wave 50 cps to 1KC 0.1% or 2 digits 
DC (no polarity sense) 

Accuracy maintained 30 days without calibration adjustment. 
Above accuracies after 45 min. warm-up time. 

Automatic ranging. 1 volt to 999.9 volts with manually 
selected 0.1 volt to 1 volt range. 

Typically less than 3 seconds. Maximum 5 seconds per range. 

0" to 50°C. 

60 cps, single phase, 125 watts 

19" wide x 83/4" high x 20" deep. 

Engineers: Many challenging positions are now 

open. For details contact Mr. Carl Sebelius. 
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LEVITE 
TRANSISTOR 

WALTHAM, MASSACHUSETTS 



NEW! 

ADVANCED DESIGN POWER TRANSISTORS FROM CLEVITE 

Three new lines of germanium power transistors by 
Clevite feature new advances in controlled gain spread, 
fully specified collector-to-emitter voltage characteristics 
and low current leakage — even at maximum voltages 
and high temperatures. 

The new 8 ampere switching series can be used to 
replace the older, more costly ring-emitter types in 3 to 8 
ampere service. 

The new 25 ampere switching type offers excep-
tionally low saturation voltage and is available with 
either pin terminals or solder lugs. 

The new Spacesaver design not only affords im-
portant savings in space and weight, but its significantly 
improved frequency response means higher audio fidelity, 
faster switching and better performance in regulated 

power supply applications. Its low base resistance gives 
lower input impedance for equal power gain and lower 
saturation resistance, resulting in lower "switched-on" 
voltage drop. Lower cut off current results in better tem-
perature stability in direct coupled circuits and a higher 
"switched-off" impedance. 

CLEVITE NOW OFFERS THESE COMPLETE LINES 

Switching Types 

5 ampere 

8 ampere 

15 ampere 

25 ampere 

3 ampere Spacesaver 

All Clevite germanium power transistors are designed 
for low thermal resistance, low base input voltage, low 
saturation voltage and superior current gain. 

Amplifier Types 

2 watt 

4 watt 

2 watt Spacesaver 

For latest data and prices or application assistance, write for Ualletin 60. . . 

A DIVISION OF 

CLEVITE 
CORPORATION 

Reliabilii‘ 

CLEVITE TRANSISTOR 
254 Crescent StRet Waltham 54, Mass. Tel: TWinbrook 4-9330 
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Tunnel Diode Switching Time Measurement 
with Tektronix Type N Sampling Plug-In Unit 

Teketorfiv 
+GATE 

Osciloscope ) OUT 

f, GNU 

1000 pf 3301 470 Li 225 II 

TUNNEL DIODE 

Valate for 10-25 ma diodes 
Larger for lower- current diodes 

A convenient low-cost method of testing tunnel ( Esaki) diodes 
with nanosecond switching speeds is shown above. A Tek-
tronix Plug- In Oscilloscope provides both the current ramp 
source for the tunnel diode and the pretrigger for the Type N 
Unit. The N Unit is set up in the usual way — however, the 
oscilloscope main sweep generator is allowed to free run at 
1 ¡ sec/cm. The + GATE OUT nct only triggers the N Unit 
but also provides a delayed current ramp with a low rate of 
change—which allows the tunnel diode to switch at essentially 
its own rate. 
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(A/ER/PULSE-SAMPLING UNIT' 
for all Tektronix Plug- In Oscilloscopes 41% 

ewe, 
cesee 

It 

The new Type N Unit convert:. your Tektror ix Plug- In 
Oscilloscope to a Pulse-Sampling Oscilloscope wi.h a rise-

time of 0.6 nanoseconds. Applications in which the sgnal 
source can furnish a " pretr.gger", such as that shown above, 
require no additional equioment. 

For a completely versatile Pulse-Sampling System, 
Tektronix also manufactures a Pulse Generator and 
Trigger Takeoff, a 50-nsec De,ay Line, a Pretrigger 
Pulse Generator, and several useful accessories. Please 
call your Tektronix Field Engineer for complete details 
and, if desired, a demonstration of the Type N Unit or 
the complete System. 

Tektronix, Inc. 
P. 0. Box 500 • Beaverton, Oregon 

Phone Mitchell 4-0161 • TWX—BEAV 311 • Cable: TEKTRONIX 

Characteristics 

0.6 nsec risetime (approximately 600 mc). 

10 my cm sensitivity. ( 2 mv or less amplitude noise.) 

1, 2, 5, and 10 nsec/cm equivalent sweep times 
(20 to 50 psec time noise). 

50-ohm input impedance. 

50, 100, 200, and 500 samples per display. 

Sampling rate — 50 c to 100 kc. 

-±-120 mv minimum linear range ( safe overload 4 v). 

Trigger input requirement: + 0.5 v, 1 nsec duration, 
40 nsec in advance of signal. Recovery time is 10 
p.sec. Counts down from 50 mc. 

PRICE $600 
f.o.b. factory 

TEKTRONIX FIELD OFFICES: Aie.m...orio..;, M.,• • A•lon ,a C, • Baltonsie . Boston [ Lexington, Mass.) . Buffalo, N.v. • Chicago ( Fo•k Ridge, 1111 • Cleveland, Ohio • Dallas, Texas • Dosdan, 
u'- Iu• ! • i'••• • ilathmp Village. Much I • Enescott lEndc.ell, th.Y.) • C'ureensbara. N.C. • Housuon. Texas • Kansas City IMi:sion, Kan.) • Eosl Los Angeles, Calif. • Wes' Los Angeles, Cold. • Min-
x, IP . • ,,•• .• Cu Arco : Atbertson, L.i.N.Y..• Slarnfore, Conn. • Union, N.J.) • Orlondo, Flo. • t-thrladelphia. Po.. Phoenix, (Scottsdale, Arir.) • San Diego, Colif. • Son Francisco ( Polo Alto, Catif.1 
. . N Y . Toro, Coned° • Washington, D.C. ( Annandale, Vol 
TEKTRONIX ENGINEERING REPRESENTATIVES: Honithorn- Eloct-on1.s• Portend, Oregon . Scattk, Washington. Trio.-- is repre-erted in toenly overseos countries by qualified eng;neering orgonIrotiont. 

In Europe please write Tektroni: Inc., Victoria Ave., St. Sompsons, Guernsey C.I., for the address of the Tektronix Representative in your country. 
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Vacuum evaporator is readied for operation in bolometer lab at 
Servo Corporation, one of more than 50 firms working to aid 
Long Island growth 

LONG ISLANDERS LAUNCH 

SELF-HELP PLAN 
INTERVIEWS THIS WEEK with elec-
tronics companies on Long Island 
reveal the growth of a regional 
awareness that is bringing new vi-
tality to this once "depressed" 
island appendage to New York 
state. 

Industry expansion in the area 
began during World War II in sup-
port of the then booming aircraft 
production there. After the war, 
business activity declined sharply 
—dragging down with it the fi-
nances and morale of many small 
electronics companies. 
A survey this week by ELEC-

TRONICS reveals this: a greatly in-
creased morale and much con-
structive activity and thinking are 
lifting the region by its bootstraps. 
Increased plant facilities, larger 
payrolls, more sales volume and 
other growth signs are readily evi-
dent ( see survey table covering 35 
firms). 

Credit for this upturn is given 
basically to two instrumentalities: 
one is the formation of bidding 

teams in which a number of small 
firms go out after contracts too 
large for any of them to handle in-
dividually (ELECTRONICS, p 40, Feb. 
20, 1959). The other is the forma-
tion of a strong trade association 
aimed at promoting regional loyalty 
and industry potential. 

Presently the fastest-growing 
trade organization on the island, 

the Long Island Electronics Manu-
facturers Council numbers 56 com-
panies, with more now on the way. 
Membership includes such corpora-
tions as Republic Aviation, Sperry 
Gyroscope, Sylvania, as well as 
medium companies and small firms 
having as few as 18 employees in 
4,000 sq ft of plant space. 

Many Handicaps 

Spokesmen from member com-
panies of LIEMC point out there 
are many handicaps to their aims. 
The president of a major compo-
nent company says a good bit of the 
trouble is political. "In such heavy 
electronics states as California and 
Massachusetts, voices can be raised 
at the federal level in matters af-
fecting the industry, but there is 
no senator from Long Island." 
A test equipment manufacturer 

adds this comment: "Here on the 
island, there is no institute of 
higher learning to act as a rallying 
point. No MIT or UCLA." 
A number of LIEMC members 

are working to remedy this partic-
ular shortcoming via an assistance 
program with Garden City's Adel-
phi Research Center. Funds and 
technical assistance being chan-
neled into the center will someday 
make it a focal research site, ac-
cording to its supporters. 

Another obstacle Long Island 
electronics men have to overcome 
is the competition and political at-
tention of the rest of New York 
state. Such major electronics 
centers as Rochester, Schenectady, 
Syracuse and others are vital fac-
tors in the way Long Island's indus-
try can grow. 

HOW FAST 35 L. I. FIRMS ARE GROWING* 

NET SALES  
EMPLOYEES   
PAYROLL  
MATERIALS & COMPONENTS 
PURCHASED  

PURCHASES OFF L. I  
PURCHASES ON L. I  
PLANT SPACE (Ft')  
MILITARY SALES  

COMMERCIAL SALES  
LOCAL TAXES PAID  

1954 
$389,725,000 

25,533 
$135,211,000 

$128,115,000 

1960 
1959 (Projected) 

$605,000,000 $633,400,000 
34,517 36,396 

$222,500,000 $230,675,000 

$215,951,000 $222,580,000 
$182,000,000 
$34,000,000 

4,403,800 5,965,000 6,178,000 
$570,000,000 

($126 Million—Prime contracts) 
($141 Million—Sub contracts ) 

$35,000,000 
$2,100,000 

*Source: Survey by Long Island Electronics Manufacturers Council 
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Despite these handicaps, elec-
tronics has become Long Island's 
number one industry. There has 
been a step-up in inter-company 
liaison, a closer look at local sup-
pliers before purchase orders are 
written, and an increase in regional 
subcontracting. 
Some credit for this is given to 

what the president of a systems 
producer calls "the second genera-
tion of electronics men." 
The new executives aren't con-

tent to sit back and wait for orders. 
They are going out after contracts, 
visiting each other's plants and 
bringing vitality into the whole 
area. 

Bid Combinations 

One group recently formed to 
stimulate trade is the National 
Electronics Facilities Organization, 
Inc. Of the seven member com-
panies, all but two are head-
quartered on Long Island. The five 
L. I. firms are: Dade Associates, 
Garden City; General Transistor, 

Jamaica; Servo Corp. of America, 
Hicksville; Specialty Electronics 
Development Corp., Syosset, and 

Technical Research Group, Syosset. 
The purpose of this joint venture 

is to bid for government work at 
prime contractor levels. NEFO has 
combined assets of nearly $30 mil-
lion and had 1959 sales of $61 mil-
lion. In the aggregate it has more 
than 4,000 employees ( including 30 
Ph. D's). President this year is 
Henry Blackstone of Servo Corp. 
Within the next 30 days the 

group expects to submit bids on 
contracts. A NEFO spokesman tells 
ELECTRONICS seven bids will be 
made on military, commercial and 
government agency work. 

Members of LIEMC include: 

Acoustics Assoc.. Aerotest Labs.. Air-
borne Inst. Lab., Amperex Electronic, An-
alogue Controls, Amer. Bosch Arma, Audio 
Equip. Co.. Avien Inc., Avnet Electronics. 
Ham Electronics Lab, Belock Instr., Cable 
Designs Inc., Computer Instruments. Con-
solidated Avionics, Continental Connector, 
Crosby Teletronics, Dome & Margolin. Fair-
child Camera & Inst., Ferranti Electric, 
Filtors Inc., Filtron Co. Inc.. General Tran-
sistor. Glass-Quar Co.. Hitemp Wires. 

And. Grumman Aircraft, IMC Magnetics 
Corp., Instruments for Industry, Intercon-
tinental Electronics. Leemath Inc.. Madigan 
Corp.. Magnetic° Inc.. Mechatrol div. of 
Servomechanisms Inc., Paromal Products, 
Inc.. Photocircuits Corp.. Polarad Elec-
tronics. Republic Aviation, Republic Elec-
tronic Ind.. Rosedale Electronics Inc.. Servo 
Corp of America, Silicon Transistor Corp.. 
Skills Unlimited. Sperry Gyroscope, Sylvania 
Electric, Telechrome Mfg., Tempo Instru-
ment, Transistor Specialties, Trio Labora-
tories, Trygon Electronics, Victory Elec-
tronics, Waldorf Electronics, Wheeler Lab-
oratories. 

Pliers for electronic work 
are Utica's specialty. With 
over 1030 different types 
of pliers in stock, Utica 
has become the leading 
supplier to the electronic 
industry. As plier special-
ists, Utica can recommend 
and supply the right tool 
for the job. To you, the 
right tool means better, 
easier work and lower 
costs. In plant after plant 
throughout the country, 
engineers and purchasing 
men are turning to Utica. 
Why don't you? 

Utica Drop Forge & Tool 
Division, Kelsey- Hayes 
Company, Utica 4, N. Y. 

tools the experts use! 
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NATION WIDE MOVING 

OFFICIAL MOVER 
1960 WESCON SHOW 
Los Angeles • Aug.23-26 Memorial Sports Arena 

5E1( ims -e 

WESCON NAMES BEKINS 
Official Mover for 1960 Wescon Show 

"fflimmiummummorumffir 
-aimmiumulmimmige 
imiximiamataaammasaamagmar 

437 5.1-1 
....1111111111“.. 

By using Bekins Certified Service for moving your exhibit and machinery to and from the WESCON Show, 
you will not only simplify your move but save money on local Los Angeles transfer as well. 

For complete shipping information, please refer to your WESCON Exhibitor Service Bulletin, or write Ellis 
Gordon, 3625 South Grand Avenue, Los Angeles 7, California. 

ELECTRJNICS MOVING BROCHURE NOW AVAILABLE 
New brochure describes the Certified Services and new 
Electronics Vans used exclusively by Bekins. For your 
free copy write Bekins Electronics Moving Division, 
3625 South Grand Avenue, Los Angeles 7, California. 

E KIN'S 
Since 1891 

WORLDWIDE MOVING 

AND STORAGE 
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Consistently Dependable Capacitors 
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Cornell-Dubilier's 
patented process 
assures 
reliable 
electrolytic 
capacitors 
for computers 

• 

Cornell-Dubilier now combines highest purity aluminum 
foil with a patented cleaning process to eliminate all 
impurities in making electrolytic capacitors for power 
supplies and control circuits in military and industrial 
computers, electronic controls and other high-reliability 
electronic equipment. The process, specially developed 
for Type FAH high-reliability capacitors, achieves a 
freedom from corrosion that heretofore was considered 
impossible in foil-type electrolytics. This combination of 
highest-purity foil with complete freedom from con-
taminants also assures you that C-D electrolytic ca-
pacitors will have low leakage current and long shelf life. 
For complete engineering data, write for Bulletin 538 

C D E 

to Cornell-Dubilier Electric Corporation, South Plain-
field, New Jersey. Manufacturers of consistently depend-
able capacitors, filters and networks for electronics, ther-
monucleonics, broadcasting and utility use for 50 years. 

SPECIFICATIONS AND FEATURES 
• Heavier tabs and longer staking lengths for excellent cur-
rent-carrying characteristics. • Hermetically sealed, alu-
minum cans with molded cover. • Also available with outer 

insulating tube of wax-impregnated Kraft board or plastic. 
• Hermetically sealed with Hycar rubber gaskets. • Tapped 
terminal inserts or solder lug terminals. • Standard di-
ameters: 11/4 ", 2", 21/4 " and 3". • Can height: 41/4 ". • Voltages: 

3 to 450 VDC. • Capacitances: to 65,000 mfd. depending on 
voltage. • Temperature range: —20°C to +85°C. 

CORNELL-IDUBILIER ELECTRIC CORPORATION 

AFFILIATED WITH FEDERAL PACI7IC ELECTRIC COMPANY 
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Unmatched for 

MIL-R-11 APPLICATIONS 
Today's best looking resistors are every bit 
as good as they look. Going beyond MIL-
R-11 requirements, Coldite 70+ Resistors 
give important dividends in terms of load 
life, moisture resistance and other important 
characteristics. 

Unmatched for 

EASY SOLDERING 
Thanks to an exclusive extra solder coating 
applied after the usual tin dipping, Coldite 
70+ Resistors solder readily by any method 
—dip or iron. Leads stay tarnish-free and 
solderable even after months in storage. 

CY) /gel 
fixed composition RESISTORS 

GET THEM 
. from 

BALTIMORE, MD. 
Kann-Ellert Electronics, Inc. 

BATTLE CREEK, MICH. 
Electronic Supply Corp. 

BINGHAMTON, N. Y. 
Morris Distributing Co., Inc. 

BIRMINGHAM, ALA. 
MG Electrical Supply Co. 

BOSTON, MASS. 
Cramer Electronics, Inc. 
Sager Electrical Supply 

BROOKLYN, N. Y. 
Electrical Equipment Corp, 

CLEVELAND, OHIO 
Pioneer Electronic Supply Co. 

DALLAS, TEXAS 
Tekko 

DAYTON, OHIO 
Srepco, Inc. 

DENVER, COLO. 
Denver Electronics Supply Co. 

RC-42 

(2-watts) 

IN 24 HOURS OR LESS 
These Leading 
GLENDALE, CALIF. 

R. V. Weatherford Co. 

INDIANAPOLIS, IND. 
Radio Distributing Co. 

KANSAS CITY, MO. 
Burstein-Applebee Co. 

MELBOURNE, FLA,,. 
Electronic Supply 

MIAMI, FLA. 
Electronic Supply 

NEW YORK, N. Y. 
Electronic Center, Inc. 
Harvey Radio Co. 
Milo Electronics Corp. 
Sun Radio & Electronics Co., Inc. 

PHILADELPHIA, PA. 
Almo Radio Co. 

ROANOKE, VA. 
Peoples Radio & TV Supply Co. 

SAN DIEGO, CALIF. 
Radio Parts Co. 

Distributors 

...and G-C / STACKPOLE, TOO!—Attractively packaged by GC Electronics for service 
replacement uses, Coldite 70f Resistors are also available through over 800 G-C distributors. 

SCRANTON, PA. 
Fred P. Pursell 

SEATTLE, WASH. 
C & G Electronics CO. 

ST. LOUIS, MO. 
Interstate Supply Co. 

SYRACUSE, N. Y. 
Morris Electronics of Syracuse, MC. 

TACOMA, WASH. 
C & G Radio Supply Co. 

WASHINGTON, D. C. 
Electronic Industrial Sales, Inc. 

WATERBURY, CONN. 
Bond Radio Supply Co. Inc. 

WEST PALM BEACH, FLA. 
Goddard Distributors, Inc. 

WICHITA, KANS. 
Interstate Electronic Supply Corp. 

WILBRAHAM, MASS. 
Industrial Components Corp. 

WINSTON-SALEM, N. C. 
Dalton-Hege Radio Supply 

STACI1001,18 
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Automatic 

Weather 

Station Craig Systems' Helicop-Hut holds gear or collecting weather data 

TRAVELS BY HELICOPTER 

By FRANK JACOBS 

Project Engineer. 
Specialty Electronics Development Corp.. 
Syosset. N. Y. 

A NEED FOR MEANS of gathering 
meteorological information in 
mountainous and other impassable 
areas has led to development of a 
completely automatic and easily 
transportable weather station. 

The station was made by Spe-
cialty Electronics Development 
Corp. for the Army Electronic 
Proving Grounds at Fort Huachuca, 
Ariz. Its essential characteristics 
are automatic operation and mobil-
ity—plus its ability to operate for 
months without attention. 

Records, Transmits Data 

The station records data and 
then, when called upon by a central 
point, transmits the readings by 
radio or wire line. 
Each station, weighing less than 

a ton, is housed in a standard 
shelter designed for lifting by heli-
copter. 
The weather report consists of a 

station identification number, free 
air temperature, dew point tem-
perature, wind direction, wind 
speed, air pressure, precipitation. 
The accuracy of the apparatus is 

confined to the following limits: 
Air Temperature 1.5 degrees 

F; dew point temperature ±3 de-
grees F; wind direction ±5 de-
grees; wind speed ±5 knots ( 5.77 
mph) ; air pressure from 650 to 
1050 millibars -±-0.33mb; precipita-
tion -±0.02 in. 

The system is not limited to the 
data listed, but can be adapted or 
expanded for the recording of cloud 
ceiling heights ( ceilometer). atomic 
radiation detection, ground tem-
peratures, or seismographic trem-
ors. 
The recording is done through a 

standard teleprinter code. The mete-
orological parameters are measured 
and coded at the remote locations 
and are received on a Teletype-
writer TT-8/FG at the central sta-
tion. Provision is made for service 
checking at the various stations, by 
means of an identical teletype-
writer. 
The remote stations are selected 

by means of an automatic trigger-
ing system, consisting of a Hupps 
Electronics Co. ( ERX) sender 
selector connected through a con-
verter to a radio transmitter or to 
a wire line. 

Each remote station is provided 
with a receiver selector. 
The operator of the central sta-

tion presses a numbered button cor-
responding to the remote station 
identification, and the selection is 
made automatically by means of a 
selective code. Control is had of 
"group" or "individual" stations. 
Alerting all stations and turning on 
wind speed reading is done by 
group. 

Readout is accomplished by indi-
vidual station. 
The central station is relatively 

simple, consisting only of the radio 
link, converter, teletypewriter 
transmitter and control. 

Weather-gathering equipment is 
connected by electrical cables and 
capillary tubing to the termination 
panel and then to the coder panel. 
The latter panel accepts converted 
analog to digital data from printed 
boards for wind direction, air tem-
perature, dew point temperature 
and air pressure. A clamping cir-
cuit fixes the data momentarily, and 

a master stepping selector switch 
picks up the information. 

Series of Steppers 

In the case of wind speed, the 
data is the average over a period 
of one minute, recorded on a sepa-
rate series of steppers. Rainfall is 
also accumulated by means of digi-
tal steppers, but for the entire 
period between readouts. 
As the master stepper scans the 

variously collected data, the digital 
information is transformed into a 
code acceptable to the teletype-
writer, by means of a diode matrix. 
The diode matrix connects to the 
transmitter-distributor panel and 
then to the converter panel and 
transceiver for transmission to the 
teletypewriter of the central sta-
tion. 
The maximum power require-

ment of a remote station is 3 kw, 
95 to 130 AT, 57 to 63 cycles. This 
includes a 75 watt rf output trans-
ceiver and a space heater requiring 
1,650 watts, as well as lights and 
work bench service equipment. Con-
tinuous operation over a wire line 
in a mild climate requires less than 
1 kw. 
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ONLY GENERAL ELECTRIC 
CONTROLLED RECTIFIER FOR 

PURPOSE 

ITO 50 AMPS, 25 TO 400 
Some 

suggested 

applications 

for the General 

Electric SCR 

• 

Replacement of 

thyratrons, ignitrons, 

magnetic amplifiers, 

power transistors, 

relays, switches, 

contactors, circuit 

breakers 

Static 
switching 

• 

DC motor control 

• 

DC power regulation 

• 

Variable DC supplies 

• 

DC to DC converters 

• 

Frequency 
Inverters changers 

• 

Dynamic braking 

• 

Constant current 
supplies 

• 

Pulse width 
modulation 

• 

Welding control 

• 

Temperature control 

• 

Power pulse generator 
and many others 

Ignitron firing 
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HAS THE RIGHT SILICON 
EVERY POWER-HANDLING 

VOLTS 
Since its introduction in 1957 by General Electric, 
hundreds of firms have successfully incorporated G-E 
Silicon Controlled Rectifiers into their products. The 
impact of this revolutionary device that not only recti-
fies but controls current is growing every day. Volume 
production of a wide range of SCR types is now a reality 
at General Electric. 

G.E.'s medium-current C35 Series provides blocking 
voltages to 400 volts and load currents to 16 amperes. 
The high-current C60 Series goes to 300 volts and 50 
amperes; low-current C10 Series 400 volts and 4 am-
peres. The C40 Series has ratings identical to C35, but 
is specially selected to furnish guaranteed fast turn-off 
time for inverter circuits. The C36 Series has ratings 
lower than C35, with currents up to 10 amperes. The 

C60 features an all hard-solder design for a high degree 
of freedom from thermal fatigue. 

New SCR Application Manual presents all signifi-
cant design information developed to date and many 
new circuits. Your G-E Semiconductor Sales Repre-
sentative also has complete application data. Many au-
thorized G-E Distributors now stock Silicon Controlled 
Rectifiers for fast delivery at factory prices in quanti-
ties up to 100. 

• 

General Electric Company, Semiconductor Products 
Dept., Electronics Park, Syracuse, N. Y. In Canada: 
Canadian General Electric Co., 189 Dufferin St., 
Toronto, Ont., Export: International General Electric 
Co., 150 East 42nd St., N. Y. 17, N. Y. 

Maximum Allowable Ratings* 

Continuous Peak Inverse Voltage ( PIV) 

and Minimum Forward Breakover Voltage (V80) 
Transient Peak Inverse Voltage 

(non-recurrent < 5 millisecond) 

Average Forward Current, Single Phase (up to) 

Peak One Cycle Surge Current 

Operating Temperature 

Characteristics At Maximum Ratings 

Maximum Forward Voltage (full cycle Avg.) 
at Maximum Forward Current 

Maximum Gate Current to Fire (IGF) 

Maximum Gate Voltage to Fire (Var) 
Maximum Thermal Resistance (Rt) 

C10 C35 C40 C36 C60 
Series Series Series Series Series 

(8 types) 8 types) 5 ty pes ) E. types) 7 types) 

25-400 25-400 100-300 25-400 25-300 

35-500 35-500 35-500 35-500 35-400 

4.7 @ 16 @ 16 @ 10 @ 50 (a) 
60°C Stud 65 °C Stud 65 °C Stud 43°C Stud 87 C Stud 

60 150 150 125 1000 

—6.5 °C to —65 °C to —65 °C to —40°C to — 65 C to 
+150 °C +125°C +125°C +100°C - 1 150 C 

Volts 

Volts 

Amperes 

Amperes 

0.75 0.86 0.86 1.25 0.75 Volts 

6 25 25 50 50 
2 3 3 3.5 3.5 

3.1 2° 2° 2.5 ° 0.7 ° 

*Ratings shown are from the lowest to the highest rated types within the series. 

ma 
Volts 

°C/watt 
Junction to Stud 

GENERAL ELECTRIC 
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NASA announces... 

THE TRANSFER OF THE DEVELOPMENT 

OPERATIONS DIVISION OF THE ARMY BALLISTIC 

MISSILE AGENCY TO THE NATIONAL 

AERONAUTICS AND SPACE ADMINISTRATION 

Dr. Wernher von Braun, director of the new NASA Marshall Space Flight Center in Huntsville, Ala., pictured with NASA's Mercury Astronauts 

Dr. Wernher von Braun and his space team join NASA 
The National Aeronautics and Space Ad-

ministration leads the nation's efforts to 
find, interpret and understand the secrets of 
nature as they are revealed in the laboratory 
of space. 

This vigorous effort requires boosters for 
space vehicles which greatly exceed the 
thrust of any boosters currently available. 
For this reason. the $100 million Huntsville 
plant, together with its famous space team, 
are being transferred to NASA. The new 
NASA facility in Huntsville will be known 
as the George C. Marshall Space Flight 
Center. 

NASA is now the largest civilian research 
organization in the United States. For details 
about outstanding professional opportuni-
ties, address your inquiry to the Personnel 
Director of any of these NASA centers: 

NASA Goddard Space Flight Center 
Washington 25, D. C. 

NASA Flight Research Center 

Edwards, California 

NASA George C. Marshall Space Flight Center 
Huntsville, Alabama 

NASA National Aeronautics and Space Administration 

d 
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Model 271 

Why compromise on your panel 
or switchboard instrumentation? 

The finest instruments available ... 

combining long-range economy, lasting quality 

Model 921 

A-C voltmeters 
A-C ammeters 

milliammeters 
A-C rectifier-type Instruments 

D-C voltmeters 

D-C ammeters 
UC micro- and mIlliammeters 

D-C millivoltmeters 
Polyphase wattmeters-varmeters 

D-C & single-phase A-C 
wattmeters 

Single & polyphase power 
factor meters 

Frequency meters 

Thermo instruments 

Synchroscopes 

tsl 

•-• 0, r-. 
rs <0 CO 
rs, CV CV 

d tc, elà 

e » e 2 » 
X X X X 
XXX X 
XXX X 

XXX X X XX X 

X X X X X X X X 
XXX X X X X X 
XXX X X X X X 
XXX X X X XX 

X X 

X X X 

X X 

XXX X 
XXX X 

X 

The widest range of SHAPES, TYPES and SIZES* 

P-- e 
i 

20 

Over 70 years' leadership in electrical 
measurement . . . that's the tradition behind 
each of these instruments ... the reason for 
the world-wide preference they've earned. 
You'll find just the model to meet your switch-
board or panel needs in the Weston Catalog 
— including all versions of the famous instru-
ments pictured on this page. 

Model 610 
Model 643 model 741 

For specifications . . . information . . . or 
the address of your nearest distributor, con-
tact your local Weston representative . . . or 
write to Weston Instruments, Division of 
Daystrom, Inc., Newark 12, N. J. In Canada: 
Daystrom Ltd., 8.40 Caledonia Rd., Toronto 
19, Ont. Export: Daystrorn's International 
Sales Division, 100 Empire St., Newark 12, 
N. J. 

IDAYSTROM INCORPORATED 
WESTON INSTRUMENTS DIVISION 

(Wotl2ct -eeacerm, t4'4,--144,2e.d,Leze-wevti, aect coJo 

Y•Weston offers the broadest panel instrument coverage in the industry ... in te-ms of shapes, scale lengths, ranges, accuracies, sensitivities and sizes. 
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ultra- high 
precision 
capacitors 
Southern Electronics high-precision 
capacitors are demonstrating their prove. 
reliability today in twelve different 
missiles, analog computers, and many radar 
and communications applications. 
SEC high-precision capacitors utilize 
polystyrene, providing .01% tolerances, and 
mylar and teflon to meet .5% 
requirements. They show excellent stability 
characteristics over an extended 
temperature range, and tolerances are 
unaffected even at extreme high altitudes. 
The unusual accuracy, stability and 
reliability of SEC capacitors are the result of 
engineering experience concentrated 
on the design and manufacture of precision 
capacitors only, plus rigid quality control 
standards subjecting each capacitor 
to seven inspections during manufacture, 
plus final inspection. 
Our engineering experience enables us to 
meet your size requirements, while 
holding to exact capacitance and tolerance 
specifications. 

SEC capacitors are manufactured in a 
wide range of capacitance to meet your 
needs from 100 mmfd. to any higher value, 
and meet or exceed the most rigid MIL-SPECS. 

Write today for detailed technical 
data and general catalog. 

Pioneers in custom precision 
capacitor engineering 

MYCON 

-maw 
• SOUTHERN I 

ELECTRONICS: 

I 150 WEST CYPRESS AVENUE I 
• BURBANK, CALIFORNIA 

(42/ 1t)? 

• 

Japan Ponders Export Policy 
Nippon manufacturers fear government 
will set a quota for transistor radios to U. S. 

TOKYO—Japanese transistor radio 
manufacturers fear the government 
will impose a quota system on their 
exports, it was learned last week. 
The manufacturers had asked 

MITI ( Ministry of International 
Trade and Industry) to approve a 
reduction in the export floor price 
from $14 to $11. They expected to 
put lower price schedules into effect 
April 1, but MITI held up approval 
until April 11. 
As a result of the government's 

delay, many U. S. orders placed in 
anticipation of lower prices were 
canceled and prospective buyers 
held off. 

Makers In 'Squeeze' 

Although MITI explains the de-
lay officially as a "matter of pro-
cedural routine," industry sources 
note that some government officials 
have been advocating a quota sys-
tem along with the price changes. 
Observers feel the government has 
now given a conditional go-ahead 
and may impose the quota system 
if the floor price is violated. 
Now some Japanese manufactur-

ers find themselves in a "squeeze" 

because they have been exporting 
to the U. S. standard model tran-
sistor radios ( six or more transis-
tors) for as low as $9 a set. 
From April 1 to April 16 the 

rush by manufacturers to apply for 
export licenses covered 400,000 
units. The number of sets covered 
by applications this month was ex-
pected to reach 600,000. 
Both MITI and the Japanese 

Foreign Office now fear that if per-
mission is granted to export more 
than 500,000 sets monthly to the 
U. S. the result may be an intensi-
fication of American moves to re-
strict Japanese transistor radio im-
ports, as well as throw the highly 
competitive domestic industry into 
confusion. 
The opinion seems to be gaining 

ground in government circles that 
some check on the transistor radio 
exports is necessary, either control 
of the quantity or a temporary sus-
pension of export permits. 

Industry spokesmen have said 
they oppose any quantitative con-
trol, regard it as running counter 
to general foreign trade liberaliza-
tion trends. They contend that the 

Magnetic Unit Attracts Students 

Two-ton magnetic unit is studied by Levittown High, N. Y., student mem-
bers of JETS (Junior Engineering Tech Society), who will use it in a 
cyclotron they are building. JETS is a nationwide group sponsored by in-
dustry and education. 
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1-million-sets-plus a month that 
they exported last year to the U. S. 
did not bring restrictive measures 
because the exports merely met or-
ders. These sources assert that this 
year's big rush for export applica-
tions by Japanese companies was 
stirred by foreign buyers who 
placed large orders in expectation 
of lower prices. 

Expect Stabilization 

The industry spokesmen add that 
they believe Japanese export of 
transistor radios would be stabilized 
at 500,000 units a month anyway in 
"due course." 

Meanwhile, Sony president Ma-
saru Iouka, who returned last week 
to Tokyo from a U. S. visit, said 
one of the most promising export 
items for the U. S. market this year 
is transistor tv. He noted that in-
ventories of transistor radio sets in 
the U. S. were "rather high." 

Industry sources also predict a 
pickup in exports of tape recorders 
this year, note that Japan exported 
about two-thirds of the 70,000 units 
shipped to the U. S. from abroad 
last year. 

New High-Speed Fax 
For Weather Maps 

U. S. WEATHER BUREAU is completing 
installation of advanced, high-speed 
facsimile recording equipment for 
its high-altitude weather map net-
work. 

Equipment produced by the Al-
den Electronic & Impulse Recording 
Equipment Co., Westboro, Mass. is 
expected to be in operation soon 
at all network stations located 
throughout the U. S., including 
Alaska, Hawaii, and Puerto Rico. 
Last June the first units went to 
weather stations at Suitland, Md., 
and New York's Idlewild Airport. 
The system, which provides com-

prehensive jetstream data to trans-
oceanic aircraft, can now transmit 
120 lines a minute, the Weather Bu-
reau says. However, Alden reports 
its equipment is capable of up to 
900 lines a minute with higher ca-
pacity lines but without reengi-
neering. The company says its flat-
copy scanners permit continuous 
scanning of any size map without 
cutting because map doesn't have 
to fit the size of a scanner drum. 

RADIO INTERFERENCE — FIELD INTENSITY 

MEASURING EQUIPMENT, 375 mc ta 1000 mc 

The NEW NM-52A RI-FI instrument developed by 
STODDART to government specifications is now ready for 
immediate delivery. 

Its purpose is to investigate, analyze, monitor and measure to the 

highest practical degree conducted or radiated electromagnetic 

energy to military specifications within the frequency range of 375 

mc to 1000 mc. In addition, the NM-52A is valuable as a highly 

sensitive frequency-selective voltmeter and receiver for numerous 

laboratory and field applications. 

OUTSTANDING FEATURES 

SENSITIVITY OF 1 MICROVOLT ACROSS 50 OHMS, provides up to 40 db 
more than Military Measurement Requirements. 

SINGLE KNOB TUNING. 
RAINPROOF, DUSTPROOF, RUGGEDIZED AND TOTALLY ENCLOSED, for 

all-weather field use or precise laboratory measurements. 
NEW BROADBAND ANTENNA, for rapid detection and measurement of 

radiated energy over entire frequency range. 
NEW POWER SUPPLY, 0.5% REGULATION, for filament, bias and plate 

voltages, and also for use as a standard laboratory power supply. 
OSCILLATOR RADIATION LESS THAN 20 MICRO-MICROWATTS, over 

20 times better than Mil- Specs require. 
TWO DECADE LOGARITHMIC METER SCALE, increases range of voltage 

measurement without change of attenuator steps. 
THREE DETECTOR FUNCTIONS, for peak, quasi- peak or average 

measurements. 
PORTABLE OR RACK MOUNTING, no modification required for labora-

tory, mobile, airborne or marine installation. 
I-F OUTPUT FOR PANORAMIC DISPLAY OR NARROW BAND AMPLIFICA-

TION, for visual presentation or increased sensitivity. 
OVER 100 DB SHIELDING EFFECTIVENESS, increases measurement 

capabilities in presence of strong fields. 
VISUAL PEAK THRESHOLD INDICATOR, for accuate slide- back peak 

voltage measurements. 
CONSTANT BANDWIDTH OVER ENTIRE FREQUENCY RANGE. 

The NM- 52A now joins the family of STODDART government 

approved RI-FI instrumentation covering the frequency range of 30 
cps to to 10.7 kmc to provide the finest RI-FI measuring equipment. 

Basic Design + Good Instrumentation = Electronic Compatibility 

A1111111111 
Wiwrivw 

Send for complete literature 

STODDART 
AIRCRAFT RADIO CO., INC. 

6604 Sarta Monica Boulevard 

Hollywood 38, Calif. H011ywood 4-9292 
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The NASA-USAF-Navy X-15 manned rocket gets a vital part. .. delivered with jet- age speed by AIR EXPRESS 

America's modern way of doing business 

X-15 part flies first 3000 miles by Air Express 
The scene: Edwards Air Force Base, Calif Crack engineers work 'round the clock to ready the X-15 
for its flight to the brink of outer space. Its engine, built by Thiokol in Denville, New Jersey, packs 

a 400,000 HP punch—more than the power of two giant ocean liners! Because of an accelerated 

assembly schedule, some parts—like this turbine pump control—are installed right on the flight line. 
They must be shipped fast, with kid-glove handling. In 
short, a job for/ow-cost AIR EXPRESS. Give your business 

these advantages, too. Call AIR EXPRESS to speed your AIR EXPRESS 
products FIRST TO MARKET. . . . FIRST TO SELL. 

CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY • GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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NEW PROTECTION AND COST SAVINGS 

with ela---ICERS0 CApTIVZ117m 
SURGE PROTECTORS for Silicon Rectifiers 

ACTUAL SIZE 

GUARD SILICON 
RECTIFIERS 
AGAINST 
BREAKDOWM 
FROM TRANSIENT 
HIGH VOLTAGES 

REDUCE INITIAL 
RECTIFIER C9ST 

To protect silicon rectifiers against destructive voltage 
surges, design engineers are using rectifiers rated con-
siderably higher than the normal operating level. This 
is a costly practice, and doesn't always guarantee reliable 
rectifier performance and freedom from breakdown. 

The new Vickers CAPTIVOLT Surge Protector, with 
its non-linear resistance characteristics, eliminates the 
need for extreme derating of cells ... assures greater 
reliability and longer rectifier life. Connected across the 
secondary of the transformer supplying AC to the 
rectifier circuit, the CAPTIVOLT absorbs excessive inter-
mittent energy up to 3000 watts. Extreme decrease in 
CAPTIVOLT resistance with small increase in voltage 
shunts destructive voltages ... protects the rectifier. 
Under normal operating voltages the high resistance 
of the surge protector consumes less than 5 watts. 
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Chart below shows the remarkable savings with just one 
of these low-cost devices. 

AN EXAMPLE OF THE COST SAVINGS WITH 
THE NEW VICKERS SURGE PROTECTOR 

Normal operating conditions 200 p.i.v. Rated rectifier 

with 600 p.i.v. transient voltage required ( p.i.v.) Cost 

WITHOUT CAPTIVOLT Surge Protector 600 $100.00 

WITH CAPTIVOLT Surge Protector 400 53.00 

Savings on rectifier  $47.00 

Cost of surge protector .  1.80 

NET SAVINGS   $45.20 

The CAPTIVOLT has been field tested for more than a .year, 
laboratory surge tested for more than 20,000,000 cycles. 

STANDARD TYPES AND RATINGS 

Type No. 

Rated Peak 
Volts, 

Recurrent 
Continuous 
Duty Across 
AC Line 

Rated RMS 
Volts, 

Continuous 
Duty Across 
Sinusoidal 
AC Line 

'Maximum 
Dissipation, 
Av erage 
Watts 

Maximum 
Recommended 
Surge Amperes, 
Instantaneous 
(Convection 
Cooling) 

PRICE 
EACH 
(NET) 

SP105 

SP110 

SPI15 

SP120 

SP125 

SP130 

SPI40 

SP150 

SPI 60 

50 

100 

150 

200 

250 

300 

400 

500 

600 

35 

70 

105 

140 

175 

210 

280 

350 

420 

12 

14 

17 

20 

23 

26 

32 

38 

44 

5 

5 

5 

5 

5 

$ 

5 

5 

5 

$1.95 

2.20 

2.50 

2.70 

2.95 

3.15 

3.70 

4.20 

4.65 

If fan cooling at velocity of 600 LFM is employed, multiply watts 

by two (2). EPA 3130-1 

ORDER SIMPLES TODAY—One-Day Shipment 

Bulletin 3135-1 Also Available 

VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 

ELECTRIC PRODUCTS DIVISION 
1801 LOCUST STREET / SAINT LOUIS 3, MISSOURI 

Sales Engineering Offices: 

BOSTON (Rep.)—CEdar 5-6815 

CHICAGO—JUniper 8-2125 

CLEVELAND—EDison 3-1355 

DETROIT—TOwnsend 8-5100 

SAN FRANCISCO (Rep.)— 

Fireside 1-3433 

ST. LOUIS—CEntral 1-5830 

ST. LOUIS (Rep.)—JAckson 1-4877 

SYRACUSE (Rep.)—GRanite 4-4889 

LOS ANGELES—DAvenport 6-8550 

NEW YORK CITY—LEnnox 9-1515 

WASHINGTON, D. 
EXecutive 3-2650 
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MODEL 415 features include capability of de-
tecting current of approximately 1 x 10-14 ampere, 
a 1% mirror scale panel meter. 

evv hih- speed re s e a. rc h 

rc. - c roan, mete r 

Model 415 offers high speed of response, 
accuracy, and zero suppression. 

The new Model 415 incorporates advanced high-
speed circuitry developed by Keithley Instruments 
for rocket and satellite experimentation — where 
measurements of Lyman-Alpha night glow 
and upper air density require fast response. 

A speed response of less than 600 milliseconds to 
90% of final value at 1042 ampere is possible where 
external circuit capacity is 50 picofarads (4/./f). 
Critical damping of the circuit, with any input 
capacity, is maintained on all ranges through one 
infrequent adjustment. There is no possibility of 
oscillation or poor response, on any range. 

Accuracy is + 2% of full scale on 10-3 through 
10 -8 ampere ranges, and ±3% of full scale on 
3 x 10-8 through 10-12 ampere ranges. 

The 415 also provides zero suppression up to 100 
full scales, permitting full scale display of one per 
cent variations of a signal. Once suppressed to 
zero, such variations may be observed on any of 
the next four more sensitive ranges without re-
setting the suppression. 

Excelling other Keithley 400 Series Micro-micro-
ammeters in speed of response, the 415 is ideal for 
current measurements in ion chambers, photomul-
tipliers, gas chromatography, mass spectrometry. 

AN OSCILLOGRAM demonstrating response to a current 
step of 10-12 ampere. Input capacity is 35 picofarads (ad). 
One major horizontal division equals 200 milliseconds. 

BRIEF SPECIFICATIONS 

RANGES: 10-12, 3 x 10-12, 10 -11, 3 X 10 -11, etc. to 10 -3 ampere f.s. 

ACCURACY: +2% f.s. 10 -3 thru 10-8 ampere ranges; ± 3% 
f.s. 3 x 10-8 thru 10-12 ampere ranges. 

ZERO DRIFT: Less than 2% of f.s. per day after warmup. 

r N PUT: Grid current less than 5 x 10-14 ampere. 

OUTPUT: 1 y f.s. at up to 5 ma. Noise less than 20 mv. 

RISE TIME: Typical values given in sec. to 90% of final values. 

Range 
amps f.s. 

Cm = 50 gilt 
seconds 

Cin = 150 pilf 
seconds 

Cin = 1500 Pe 
seconds 

.600 .800 2.5 
3 x 10-'2 .200 .300 1.0 
10' .060 .080 .250 

3 x 10-" .020 .030 .100 
10-'' .006 .010 .030 

3 x 10' .002 .003 .010 
10' .001 .001 .003 

3 x 10-4 .001 .001 .001 
and above 

PRICE: Model 415, $750.00 

For complete details, write: 

icurm I-I I., E .Y> 11Z 1J NI T INT 
12-415 IELOCLICI AVENUE cLeveLA NJ ID . C) I-II CO 
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Israel Forms Klectronies Group 
Seeks to attract foreign investors and ex-
pand production activities. Government 
giving full support to new move 

TEL-AVIV—Government, local scien-
tific institutions and all manufac-
turers of electronic devices have de-
cided to join forces in an effort to 
facilitate the industry's expansion 
and enable it to gradually cover all 
requirements of the Israel market. 
An Electronic Manufacturers As-

sociation, incorporating 21 manu-
facturers, has been established. The 
Hebrew University, the Israel In-
stitute of Technology and the Weiz-
man Institute of Science and the 
Standards Institution are advisory 
members. 

What's Planned 

Defense Ministry and Trade and 
Industry Ministry will back the As-
sociation, whose plans call for: 

1. Contacts with the U. S. Opera-
tions Mission aimed at securing the 
assistance of foreign experts in re-
search problems and having Israel 
engineers participate in research 
and industrial projects in the U. S. 

2. The introduction of a quality 
control system evolved in coopera-
tion with the Standards Institution 
where a laboratory will go into op-
eration in the near future. 
Some 80 electronic engineers are 

turned out each year by the Israel 
Institute of Technology. Besides, 
technicians are trained at six voca-
tional schools offering four-year 
courses. Many of the school gradu-
ates are inducted into the Armed 
Forces as electronic technicians and 
undergo additional training. 

Output: $6 Million 

The industry is still in its embry-
onic stage and its global output does 
not appear to exceed $6 million a 
year. 

Items produced include: radio 
receivers, transistors, amplifiers, 
switches, capacitors, tape recorders, 
pickups, tube testers, signal gener-
ators, inter-communication sys-
tems, high-frequency dielectric 
heaters, fire and burglar alarm sys-
tems, X-ray apparatus. 

Lately some agreements have 

been concluded with foreign firms 
with a view to extending the range 
of products, partly in order to meet 
some of the demand of electronic 
equipment for defense and the 
postal services. 

To Make TV Parts 

The industry is also getting ready 
to manufacture parts for tv sets in 
anticipation of a government deci-
sion to erect a tv transmitter. 

In view of the available skilled 
know-how and labor force, the elec-
tronics industry here will try to at-
tract foreign investors and engage 
in production of more devices. 

Expanding Market 

X-RAY ANALYSIS equipment will find 
an expanding market in the field of 
product control. 

That's the prediction of Philip I. 
Wolf, manager of product special-
ists for Philips Electronic Instru-
ments, Mt. Vernon, N. Y. Wolf says 
his firm has noted a marked in-
crease in industry's interest in ap-
plications of X-ray analytical in-
strumentation. 

Fuel Cell Power 

Portable power pack using .;‘) tut,-
membrane fuel cells and weighing 
about 30 lb is reported by GE to be 
under development for Marines and 
Army. Cutaway shows cell setup 

JEWEL BEARINGS 

THROUGH 

UNIFORM 

QUALITY 

Exacting quality control standards em 
ployed by Bird are your guarantee that 
every Bird Sapphire or Glass Jewel Bear-
ing, or Complete Jewel Assembly or 
Cushion Jewel Assembly, is as specified. 
There's never a chance of inconsistency 
in dimensions, chemical and physical 
properties. 

As an added benefit. Bird Complete As-
semblies cut your manufacturing costs 
because they reach you ready for immedi-
ate installation .. . eliminating all prob-
lems with expensive rejects and breakage. 

Our engineering staff would be pleased to 
work with you on your special jewel bear-
ing needs. Write for our free catalog with 
complete details on properties and uses 
of jewel bearings. 

77/ ,e.4a/ÁNteld CO , INC 

. SPRUCE ST.. WALTHAM. MASS. 

serving industry ?cith fine jewels since 191.9 
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These Sorensen a-c and 
a-c/d-c testers completely 
cover the voltage range 
from 0-150,000 vac 
and 0-300,000 vdc with 
current capacities as high 
as 4000 milliamperes a-c 
(plus 5 milliamperes d-c for 
the a-c/d-c units). 

All components are conservatively rated 
to insure maximum life and top performance. 
Maximum rated current can be drawn 
continuously over the entire output range 
and overloads may be supplied for a short time 
to "burn" faults. Easily reversible d-c 
polarity of a-c/d-e testers. 

New Catalog. Just off the press, 
Sorensen's new 32-page catalog gives 
technical data on the complete line 
of Sorensen a-c and a-c/d-c testers 
as well as on Sorensen h-v d-c supplies, 
h-v electrostatic generators, 
low-voltage d-c power supplies, 
a-c line-voltage regulators, and frequency 
changers. Extensive power supply 
application data is also given. Write for 
your copy today. Sorensen & Company, 
Richards Ave., South Norwalk, Conn. 
0.4 

Safe. Easy to operate. 

Rate of voltage application conforms 

to ASTA'! standards. Portable 

models. Floor mounted models. 

HIGH 
VOLTAG 
A-C AND A-C/D-C TESTERS 

f ner. 

IbselezZe: , 
e 

CONTROLLED 

s o‘tewe-e, POWER 

PRODUCTS 
r4v 

... the widest line lets you make the wisest choice 

MEETINGS AHEAD 

May 9-11: Microwave Theory & 
Techniques, National Symposium, 
PGMTT of IRE, Coronado Hotel, 
Coronado ( San Diego), Calif. 

May 9-12: Instrument-Automation 
Conf. and Exhibit of 1960. Civic 
Auditorium and Brooks Hall, San 
Francisco. 

May 10-12: Rural Electrification Conf., 
AIEE, Sheraton-Fontenelle Hotel, 
Omaha, Neb. 

May 10-12: Electronic Components 
Conference, PGCP of IRE, AIEE, 
EIA, WEMA, Hotel Washington, 
D. C. 

May 16-18: Electronic Parts Distribu-
tors Show, Electronic Industry Show 
Corp., Conrad-Hilton Hotel, Chicago. 

May 17-18: Superconductive Tech-
niques for Computing Systems, Of-
fice of Naval Research, Dept. of 
Interior Auditorium, Washington, 
D. C. 

May 23-25: National Telemetering 
Conf., Annual, West Coast, ISA with 
ARS, AIEE, Miramar Hotel, Santa 
Barbara, Calif. 

May 23-26: Design Engineering Conf., 
ASME, Coliseum, N. Y. C. 

May 24-26: I. E. A. Exhibition, Instru-
ments, Equipments & Components, 
Olympia, London. 

May 24-26: Technical Conf, and Trade 
Show, Seventh Regional, IRE, ISA, 
Olympia Hotel, Seattle, Wash. 

May 31-June 2: Frequency Control 
Symposium, USA, Signal Research 
& Devel. Lab., Shelbourne Hotel, 
Atlantic City, N. J. 

June 1-3: Analysis Instrumentation, 
Latest Advances, ISA, Queen Eliza-
beth Hotel, Montreal, Can. 

June 1-3: Radar Symposium, Willow 
Run Laboratories, Univ. of Mich-
igan, Ann Arbor, Mich. 

June 14-16: Railroad Communications, 
Assoc. of Amer. Railroads, Com-
munications Section, Sheraton-Cad-
illac Hotel, Detroit. 

Aug. 23-26: Western Electronic Show 
and Convention, WESCON, Memo-
rial Sports Arena, Los Angeles. 

Oct. 10-12: National Electronics Conf., 
Hotel Sherman, Chicago. 

There's more news in NEW ON 
the MARKET, PEOPLE and 
PLANTS and other departments 
beginning on p 92. 
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DESTINATION 
KNOWN 

When a mighty "Thor" soars from Vandenberg 

Air Force Base, equipment designed and built 

by Packard Bell checks it out, launches it 

and predicts its point of impact. 

ENGINEERING BEYOND THE EXPECTED 

The Missile Impact Predictor is one-eighth the size and 

was built at one-tenth the cost of previous systems. 

Ground support equipment matches the reliability built 

into the "Thor." All combine to guarantee an effective 

weapon for retaliation or 

space exploration... 

destination known. 
PACKARD BELL ELECTRONICS 

Tee:.'hnical Products Division 

'2333 W. 0.ymptc Blvd. 

Los Angeles 64, C:alif. • BR. 2-6141 
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THE New 
GONCFel-

IN 

t-)Isc - 
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X I 

Here • a totally two 11,Uh•n,a .,„.,,. rtno¡,;‘,,, ‘,..0::. „.........‘,-

ttentteapuntneire":: tropteetnt tn (,en.ct, anywheee th.tt two mooted ettb1e• 

tnnd inn Mt "l'etn 'innann'tt InIntal,‘AltA Fe modern tompreneton enetItod 

thee."'all net) ent tAtn;'•n4.; ita/rXI'C'tteyn.:ttere ytnayi,e:,..tto.fohrtototy . a,I,wne,d,,otr,,Ye:b,,t1.n.y, 

and Itr« Ion Mat ot ether lreethe:etna ,,,,,. ,,,,,...;;•,, .b., °ikon: ha,,t, 
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OW rote stretnet tn.— tt t.t. ,  ,.....,„ ,0›,.. Pnnia'nnn "" "naYtenetta .1nts ant tote" Woke ol the mete.« AMP 

'at " nn"annnntlY 'ant. ' """*.rael';ed 'e.t.a.°. no dratteful. •oppy 

'flne do'tn -unnne rneanMa nntnna ..ah met aamenbly method,. 001e you••• nte. 

'tahne all stave.C1.:AXICOSntynoas'tnhort! I week tut Ire 

Sal lat • tee lee .e. ''''''' ' 

AM P IrsicoRPoRA-reD ******* ...............•..... ***** V. I-le I A 
........... OW W....W.. 1, Orebbee... 

COAXIAL 

) \DISCONNECT 

IN 
SECONDS! 

COAXICON 0—ettotta ,4 the A.NIP pro non, toot doe. tt 
eon en,. “.tt have taw pm and neentacla web permanently alterhae to 
wael table to low level tourney. NO. nand nennted tree hang, 

• Itehebtloy the aeon Cow -- Weer then anythind you're now net. 

• Furtha. coins, cable • fully eupportad Yoh. edeetne. 

• All thee re monde . Mort boned imulatian .. awn tad.. oddonne 
...me daubed yenta, tona Attachments at welatendiew atemd chat 

foe you the 6neat Ynntretten et the teem« lanai mealiest ea«. 

II toe geo,. tenewanne today. 

AMP INCORPORATED 
011141tRAL. OPPIC8»: ********** IA 

...and now, 

COAXICON fits a wider 

range of cable sizes 

COAXICON offers not only the fastest method of attaching disconnects to your shielded wire . . . it is 

not only the most reliable disconnect you can buy — for either free hanging or panel mounted applications 
. . . not only the most economical on the market . . . but . . COAXICON now fits shielded cable sizes up 

to O.D. with interchangeable contacts that permit a wide variation of inner conductor diameters in 
each cable size. 

Further, COAXICON mounting clips accommodate a wide range of panel thicknesses for through-panel 

applications. Whether your requirements include RG type coaxial cable, standard coaxial cable or other 
shielded cable types, with solid or stranded conductors, look to AMP for the precise Coaxicon Disconnect 

you need. 

If you're not now using the A-MP Coaxicon, send for literature today. It can solve many shielded 
circuit problems for you. 

AMP INCORPORATED 
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
A-MP products and engineering assistance are available through subsidiary companies in: Australia • Canada • England • France • Holland • Japan 
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SEQUENTIAL RECEIVERS FOR 

French Color Tv System 

o 
CM' 

5 10 

Only special element used 

By ROGER CHASTE, 
Compagnie Générale de TSF, 
Paris, France; 

PIERRE CASSAGNE 

and MARCEL COLAS, 
Compagnie Francaise de Télévision, 
Paris, France 

is ultrasonic type delay line 

BANDWIDTH occupied by a black 
and white television signal de-
pends on the number of lines used. 
This number corresponds to a given 

vertical definition, and it is natural 
to demand the same definition in 
the horizontal direction. 

Henri de France method for 

compatible tv features 

simple chrominance circuit. 

System uses sequential 

transmission of chrominance 

and employs one-line 

memory in receiver 

Thus, a given number of hori-
zontal spots are made to correspond 
to a given number of lines and so 
the duration of a point is finally re-
lated to some bandwidth. Since the 
eye requires less definition for the 
color information than for the lu-
minance information, it is proper to 
distribute the decrease in definition 
between the horizontal and vertical 
directions. In the Henri de France 
(HDF) system this is done through 
time multiplexing of the two chro-
minance signals. 
At the transmitter, only the Y 

signal and one of the chrominance 

signals are transmitted at every in-
stant. At each line, the transmitted 
chrominance signal is permuted. In 
short, the color is analyzed with 
the number of lines cut down by 
half, while the total number of lines 
is retained for the black and white. 
At the receiver, which is exam-

ined in detail later, there are only 

two signals available at any instant, 
while three are necessary for re-
constructing a color picture. To get 
three signals, use is made of the 
two signals available at that instant 
and the chrominance signal that 
was transmitted in the preceding 
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line. Thus, the three signals are 
made available by taking advantage 
of the fact that the eye is incapable 
of discerning color variations from 
one line to the next. From one 
frame to the next, the type of analy-
sis changes for each line. A line 
analyzed in blue for one frame is 
analyzed in red for the next. 
By time multiplexing of the chro-

minance signals, a single signal is 
added to the luminance signal to 
secure the transmission of a color 
picture. This single additional sig-
nal is then used to modulate a sub-
carrier whose frequency is situated 
at the end of the spectrum of the 
luminance signal Y. Using a proc-
ess which is now classical, the visi-
bility of this subcarrier is lowered 
to a frequency that is equal to an 
odd multiple of half the line fre-
quency. In the first version of the 
HDF system the subcarrier is am-
plitude-modulated. Thus, the qual-
ity of color reproduction is entirely 
independent of accidental phase 
variations. This ensures great ease 
of transmission, particularly over 
long radio links. 
The transmitted signal is differ-

ent from one line to the next as 
shown in Fig. 1. Figure 1 corre-
sponds to the case in which the 
chosen chrominance signals are R-Y 
and B-Y. The picture transmitted 
is the test pattern of color bands 
consisting of a white band, a black 
band, 3 bands corresponding to the 
primary colors red, green and blue, 
and 3 bands corresponding to their 
complementary colors of yellow, 

FIG. 1—Composite signal cro pattern (A) and sub carrier signal pattern 
(B) show differences in transmitted signals 

cyan and magenta. 
The figure shows the superposi-

tion of the amplitude-modulated 
subcarrier on the stepped signal 
corresponding to luminance. A 
given color is defined by the com-
bination of the two subcarrier am-
plitudes corresponding to two suc-
cessive lines. 

Figure 1 also shows the presence 
of a nonmodulated subcarrier on 
the back porch of the R-Y line. This 
burst is used at the receiver to iden-
tify the chrominance signal trans-
mitted. 
The experimental receiver shown 

COMPATIBLE COLOR TELEVISION 
To make a color television system compatible, one of the electrical signals 
corresponding to the color picture has to be the same as that given by a 
simple black-and-white analyzer. This signal, generally denoted Y, is the 
so-called lumina nee signal. It is the signal which gives the color picture its 
definition. It occupies the normal bandwidth corresponding to the tv standard 
used. 

Color can be reproduced at the receiver by two complementary signals, 
one corresponding to red, R, for instance, and the other to blue, B. For 
convenience, other complementary signals may be chosen. 

Because of the physiological properties of the eye, color signals can be 
transmitted over a much narrower band than the Y signal. This spectral 
property corresponds to the fact that the eye is unable to distinguish the 
color of details, and that these details are provided with all the information 
in black and white which the eye can make use of. 

In any color television system the three signals have to be multiplexed. 
One of them, the luminance signal Y, has to be transmitted wideband 
and without transposition, to ensure compatibility. A wider range of methods 
can be used for the other two colors. 

in Fig. 2 has been designed for band 
III ( 174-216 Mc) while in Europe 
generally and more particularly in 
France, proposed bands for color 
television are IV and V ( 470-960 
Mc). The number of lines used is 
625. Frequency of the chrominance 
subcarrier is 4.43 Mc and that of the 
sound subcarrier is 5.5 Mc. Sound 
is frequency modulated. 

In the receiver ( Fig. 2), the r-f 
amplifier, the mixer, the i-f ampli-
fiers for sound and picture are sim-
ilar to those used in a black and 
white receiver. Just a few precau-
tions are taken in the picture chan-

nel so that the elimination of sound 
does not cause a disturbance on the 
color subcarrier whose frequency is 
dose to that of the sound carrier. 

It is mainly after picture detec-
tion that the receiver takes up a 
special aspect due to the color tele-
vision system used. After first be-
ing amplified, the chrominance sig-
nal is extracted by filtering from 
the complete picture signal ( lumi-
nance chrominance). This signal 
is fed to three parallel channels. 
The first channel provides both a 

given amplification and a delay 
equal to the duration of one line. 
The second channel amplifies with-
out introducing any delay. These 
two channels are then switched at 
line frequency towards two special-
ized detectors, one detecting the 
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FIG. 2—System is also called Secam for "sequentiel a me moire", pointing up its main features of sequential trans-
mission of chrominance and the use of a memory in the receiver 

R-Y signal and the other detecting 
the B-Y signal. This operation is 
shown diagrammatically in Fig. 3. 

Figure 3A corresponds to the 
case of line n being analyzed at the 
transmitter in R-Y. In this case the 
signal B-Y is that of the preceding 
line (n — 1) delayed by the dura-
tion of one line. Figure 3B corre-
sponds to the next line (n ± 1) 
analyzed in B-Y. By means of the 
switch, at every instant the two sig-
nals can be passed to the appropri-
ate detectors. 
The third channel ( Fig. 2) iden-

tifies at every instant the nature of 

the chrominance information trans-
mitted, providing means for oper-
ating the switch. This identifica-
tion relies on the use of the few 
subcarrier cycles present on the 
back porch of the R-Y lines. 
The subcarrier pulsed signal also 

allows compensation of the d-c com-
ponent of the chrominance signals 

(A) 
FIG. 3—Operation of switching system is 

and blocking of the chromatic chan-
nel when the chrominance signal 
level is too low (color-killer). 
The chrominance circuits are 

shown in Fig. 4. The untuned pri-

mary of transformer T, is inserted 
in the anode circuit of the first video 
amplifier tube. The low-Q tuned 
secondary drives the grid of the 
pentode section of V,. Potentiome-
ter R, in the screen circuit provides 
for the manual adjustment of the 
gain of the chrominance chain. 

This saturation adjustment is the 
only chrominance adjustment avail-
able to the viewer. 
Anode circuits of V, match the 

tube to the low input impedance 
of the delay line. The latter ( see 
photo) is of the ultrasonic type and 
consists of a fused silica block of 
suitable dimensions to cause a de-
lay equal to the duration of one 
line ( 64 iisec). 
The transducers are small piezo-

electric wafers of barium titanate. 
They convert the voltages to me-
chanical vibrations in tension. 
Transformer T. matches the low 
output impedance of the delay line 
to the input impedance. V,4. 

Undelayed signals are collected 
on potentiometer R. which is set up 
at the delay line input. This poten-
tiometer also equalizes the voltages 
on the two channels. After ampli-
fication by V,A and V„,, the direct 
and delayed signals are transmitted 
to the switching system by trans-
formers T.. 
The switch consists of silicon di-

odes 13,, D., D. and D, which, de-
pending on their bias conditions, 
conduct or cut off the signals to 

transformers T. Through the effect 
of this switching, the subcarrier 
modulated by signals B-Y appear 
only at the secondary of the upper 
T, transformer and the subcarrier 
modulated by signals R-Y appears 

(13) 
simplified by using one-line memory 
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only at the secondary of lower T5 
transformer. 

After detection by silicon diodes, 
the R-Y and B-Y signals are filtered 
and amplified by the two sections of 
V,. Each resistance amplifier is 
provided with inductive compensa-
tion and a cathode negative feed-
back. The output voltages are ap-
plied to the R and B guns of a 
three-color tube through the ar-
rangement for compensating the 
d-c voltages. 

Also, the matrix of R„, R5 and 
the 270K between them resti-
tutes the green signal which is then 
dealt with in the same manner as 
the R and B. 

Switching voltages are supplied 
by monostable multivibrator 
and V„„. They are transmitted to the 
switch through high-value capaci-
tances. The multivibrator is con-
trolled by a pulse which identifies 

_L 
47 pF 

— 6AN8 
2 
V5A 

477F 

2XIN63 

100 KF 

VIDEO 

f°' 
1150K 

2 M 

-22V 

circuits should result in stability and high reliability 

+200V 

e 
27 Oft H 

_FL 1N63 

e—K/Vv—ovVV 
K 10K  

— 47 
1 

0.01 

VI 
6AN8 

0.1 

6.8K 10K 

DELAY 
LINE 
0 001 

e2 

FIG. 4 — Relatively simple chrominance 

the chrominance signal in every 
other line transmitted. This pulse 
is obtained as follows. 
A few cycles of the subcarrier 

are transmitted only on the back 
porch of the lines corresponding to 
red. The complete signal is passed 
to tube V-,., which acts as an open 
gate for the duration of the back 
porch. The gate is opened by posi-
tive pulses from the line sweep 
transformer and passed to the 
screen of V„. Thus, a pulse of a 
few subcarrier cycles is collected 
at TB, during every other line. This 
pulse is detected and used to con-
trol the switching diodes through 
the monostable multivibrator. 

After detection, the chromatic 
signals possess a d-c component 
which is not zero in the absence of 
chrominance. This component is 
proportional to the amplitude of the 
unmodulated subcarrier. It is corn-

-22V 150 
470K .__NNA„__. 

6-1(— • 
0.1 = 

—6AN8 
2 

150 10.1 

+200V = 

pensated by a d-c voltage of equal 
value and of opposite sign obtained 
by integrating the chrominance 
synchronizing pulses. Integration 
is obtained by diode D 5 and capaci-
tor C,. 
For extreme reception conditions 

it may be useful to suppress the 
chrominance subcarrier automati-
cally to get only a black-and-white 
picture. Automatic suppression is 
secured by cutting off tubes I72,, and 
V„,. When the amplitude of the sub-
carrier becomes too low, the chromi-
nance synchronizing pulse is no 
longer capable of triggering the 
multivibrator. Under this condi-
tion V„., and V,,, are cut off. 
The only special element in the 

circuits is the delay line. Its price, 
based on monthly production of 500 
units, is $16. Mass production 
is $16. Mass production would sub-
stantially reduce this. 

1563 33 

— DI FT; PF 2700 

68K 

 +200V 

4 7 K 

8KF — 100 

22pF 3-30pF 
100pF 

-Kiv --• 
470K 

11%163 

V4 

I2AZ7 

4350V 32nF 

:=22pF 

270µH 

2X1563 

R3 

470K 

Vie 

R5 

330K 
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Maximum delay of circuit is out, pulse out of every ten cycles of pply 

Counting and Timing Circuits 
USE SATURABLE REACTOR 

Operating primarily as frequency dividers, adjustable timing 

circuits use a controlled rectifier and a saturable reactor. 

Division by 10 is possible when the supply frequency is 400 cps 

By J. S. SICK° 
Light Military Electronics Department, 
General Electric Co., 
Johnson City, New York 

WHEN A D-C VOLTAGE is applied to 
the control winding of a saturable 
reactor, a finite time will elapse 
before the magnetic flux reaches its 
final value. This time delay char-
acteristic is used with a controlled 
rectifier in the circuit to be de-
scribed to form what is essentially 
a frequency divider. At a supply 
frequency of 400 cps, for example, 
division by 10 or less is possible. 
Thus, the output is one pulse for 
every ten cycles—or other preset 

number of cycles—of the supply.' 
The timing circuit is shown in 

Fig. 1. Winding N, of the saturable 
reactor is excited with direct volt-
age Ea and is in series with the 
gate of the controlled rectifier. 
When the saturable reactor is 
driven into positive saturation, the 
gate of the controlled rectifier has a 
large enough signal to turn on the 
controlled rectifier, provided the 
anode voltage is going positive with 
respect to the cathode. 

For the output pulse to be repeti-
tive, the flux in the saturable re-
actor has to be changed in the 
negative direction. This is accom-
plished by winding N, of the sat-
urable reactor, which is in series 
with the anode, and thus the load 
of the controlled rectifier. After the 
controlled rectifier has been turned 
on, the voltage across N, is used to 
change the flux in the saturable re-
actor in the negative direction. 
With the flux changed in the neg-

ative direction, the operation of the 
circuit to turn on the controlled 
rectifier can be repeated. Repetition 
rate in the controlled rectifier out-
put circuit will be 1/n of the supply 
frequency, with n ( an integer) 

DELTAMAX CONTROLLED RECTIFIER 
5504-D2 CORE ZJ-391. 

Eb_, NI R 

0-10V 500 4 
D-C TURNS 

GATE 

ANODE 

'SIN\ 

CATHODE 

IN538 

60V 
400 CPS 

L 
43 

FIG. 1—Controllea rectifier and 
saturable reactor circuit is adjusted 
by varying bias voltage Es 

easily adjusted by varying E„. 
The circuit will be explained by 

considering its four separate modes 
of operation, modes that correspond 
to the four sides of the loop that 
the magnetic core traverses. Fig. 
2A shows an ideal BH loop on which 
the various modes are indicated. 

In mode A operation, flux in the 
saturable reactor is being changed 
in the positive direction; in mode B, 
the reactor is saturated but the con-
trolled rectifier has not been turned 
on. Mode C occurs when the con-
trolled rectifier is turned on and 
the saturable core is driven from 
positive saturation to a point where 
the flux can be changed in the nega-
tive direction. Mode D occurs 
when the flux is changing in the 
negative direction. 

The time delay of the circuit is 
obtained during mode A operation 
and is the time required to move 
from point 1 to point 2 of Fig. 2A. 
With the controlled rectifier not 
conducting, the impedance in series 
with N, is high and this circuit is 
essentially open. When the bias 
voltage is applied to Ni, the voltage 
induced in the coil is e = Nix 
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10-*Vdt. Using differentials, At = 
N,x10-.10/e. Because e must equal 
the applied bias voltage EH, which 
is constant and not a function of 
time, the preceding equation defines 
the time delay available as the flux 
is changed in the core. 
The equivalent circuit for mode 

A operation is given in Fig. 2B. 
For this period, the current in the 
controlled rectifier anode circuit is 
practically zero. Thus R'—the re-
flected load resistance—is much 
greater than R, and i,, is approxi-
mately zero. The gate current for 
mode A is given by Eq. 2 of the de-
sign box. The value of H, in Eq. 2 
depends on the frequency at which 
the saturable reactor is being 
driven into saturation. 

After the flux level in the satu-
rable reactor has reached position 2, 
Fig. 2A, the gate current i is lim-
ited primarily by the resistance of 

the gate circuit. This value of gate 
current places the operation of the 
saturable reactor at position 3. The 
gate current now is large enough 

FIG. 3—Load circuit waveforms 
for various pulse rates 

to turn on the controlled rectifier. 
However, the controlled rectifier 
will not be turned on during this 
time because the anode voltage is 
negative with respect to the cath-
ode. 

Circuit operation will be consid-
ered only when the saturable re-
actor saturates during the time 
when the anode to cathode voltage 
of the controlled rectifier is going 
negative. The operation of the cir-
cuit during Mode B illustrates a 
significant advantage of the timing 
circuit. The saturable reactor can 
be driven into positive saturation 
anytime between T, and T,, Fig. 
2C and the circuit will still operate 
properly. Therefore, small varia-
tions in EH and core parameters do 
not affect the time that the con-
trolled rectifier is turned on. 

During mode C, the saturable re-
actor is being driven from point 3 

to point 4, Fig. 2A, and remains in 
saturation. This mode of opera-
tion is completed during a small 
period compared to one-half cycle 
of the supply voltage. 

Equivalent circuits for the load 
current and gate current are given 
in Fig. 2D. There is no coupling be-



Design of Timing Circuits With Saturable Reactors and Controlled Rectifiers 

= number of turns in series with 
gate of controlled rectifier 

N2 = number of turns in series with 
anode of controlled rectifier 

n N2/ N1 

E5 = d-c volts to gate circuit 
Ri = lumped resistance in ohms of 

the gate circuit 
11L lumped resistance in ohms of 

the load circuit 
B = flux density of core in gausses 

per square centimeter 
A = cross section area of core in 

square centimeters 
instantaneous current in am-
peres in the load circuit 

= instantaneous current in am-
peres in the gate circuit 

= coercive force in oersteds 
mean length of magnetic path 
in centimeters 
instantaneous value of supply 
voltage 
maximum value for the supply 
voltage 
rms supply voltage 

R' = reflected impedance from the 
load circuit when flux in the 
saturable reactor is changing in 
the positive direction 

= magnetic flux in gauss 
K = net ampere-turns required in 

the saturable core to place the 
operating characteristics of the 
saturable reactor at position 4 
of Fig. 2A. 

= 

1f, = 

e. = 

E.21 = 

Mode A-Controlled rectifier OFF, 
flux is being set in the positive direction 
in saturable reactor 

= 0 (1) 

Hl1.  
ig (2) 

0.47rNI 

Mode B-Controlled rectifier OFF, 

saturable reactor in positive saturation 

= 0 

ig = E8/R1 
(3) 

(4) 

Mode C-Controlled rectifier ON, 

saturable reactor in positive saturation 

ic= es/Itz, 

io = EB/RI 
(5) 

(6) 

Mode D-Controlled rectifier ON, flux 
is being set in the negative direction in 
the saturable reactor. It is assumed 
that the mutual impedance between the 
gate circuit and the load circuit in the 
controlled rectifier is negligible. 

Kirchhoff's voltage equations for the 
load and gate circuits are written 

For load: 

do 
es = N2 —dt ItLiL 

For gate: 

dle 
EB 1 ne2 

dt 

(7) 

(8) 

The required net ampere turns in the 
saturable reactor in order to be in mode 
D operation 

N2iz, - Nii, = K (9) 

ig = NsiL/Ni - K/Ni 

„ do 
-iv — = - ED] 

dt 

From (7) and (11), 

N2 
B. = 1K112 MBJ ILLZL 

iV 11 

(10) 

(11) 

(12) 

From (10) and (12), 

N2[ (N2iL K 
e, = - yri) - EB] 

(13) 

Setting N2/N1 = n and solving for 

. Eel sin cat -I- nEB-I-nRIK/N1 
tc (14) 

(n2R1-FRL) 

Gate current during mode D opera-
tion is obtained by solving Eq. 7 and 
8 and takes the form 

29 
.B E i-es/n-RLK/nN2 (15) 
-  -1-RrinN2 

Time delay 
AT = N1(à0) x 10-8/E8 (16) 

where 
yt. = BA 

tween the load circuit and the gate 
circuit during this period of time. 
This assumption can be made if the 
mutual impedance in the controlled 
rectifier is neglected and if the 
magnetic material has an ideal BH 
loop. Curves of the load current 
and gate current are illustrated in 
Fig. 2C. The time duration of 
mode C operation in Fig. 2C has 
been exaggerated for illustration 
purposes. In a practical timing cir-
cuit, mode C terminates at approxi-
mately 1/90 of a positive half cycle 
of the supply voltage. 
Mode C operation will be com-

pleted when the net ampere turns 
of the saturable reactor is equal to 
-H,/,,/0.4r. The value of H. de-
pends on the frequency of the load 
current. 
Mode D begins when the satu-

rable reactor is at point 4 on the BH 
loop. Equivalent circuits for the 
gate circuit and the load circuit are 
given in Fig. 2E. For this discus-
sion the resistance of the anode to 
cathode and gate to cathode of the 
controlled rectifier are considered 

to be negligible compared to the 
other resistances in the circuits. 
Also, the mutual impedance be-
tween gate circuit and the load cir-
cuit in the control rectifier is neg-
lected. 
Assuming that the saturable re-

actor behaves like an ideal trans-
former, the volt-time area available 
to set flux in the negative direction 
-to go from point 4 to 5-is rep-
resented by V' in Fig. 2F. Equa-
tions for the load circuit and gate 
current are given in the design box. 
The timing circuit of Fig. 1 was 

designed to operate at 400 cps. The 

4 
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FIG 4-Characteristic curves 
the controlled rectifier 
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output current pulse is available 
every nth cycle of the supply fre-
quency, where n can be made to 
vary from 1 to 10, and control is 
obtained by d-e excitation in the 
gate circuit. Gate circuit voltage 
versus output current repetition 
rate is illustrated in Fig. 2G. Fig-
ure 3 shows the output curves. 
The diode in the output circuit is 

used to prevent thermal runaway 
in the controlled rectifier when the 
anode is going negative in respect 
to the cathode and there is a posi-
tive voltage from gate to cathode 
of the controlled rectifier. 

Typical curves' of instantaneous 
gate voltages versus instantaneous 
gate current for a controlled recti-
fier for various ambient tempera-
tures are shown in Fig. 4. 
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Novel Approach to 

Pulse Amplifier Design 

Current to charge load and stray capacitances is supplied by auxiliary 

amplifier. Standby current is reduced, gain is improved 

By J. F. GOLDING, Marconi Instruments Ltd., St. Albans, Herts, England 

LINEAR amplification of a pulse 
waveform is, ideally, the reproduc-
tion in the load of all frequency 
components of the waveform cor-
rect in amplitude and phase. Con-
ventional pulse amplifiers, there-
fore, normally keep the effective 
series resistance low compared with 
the shunt capacitive reactance for 
all wanted frequency components. 
This is usually achieved by reduc-
ing plate load resistance, by nega-
tive feedback, or by a limited use of 
inductive correction which effec-
tively reduces the shunt capacitance 
at certain frequencies. 
The amplifier described' is suit-

able for the application of 50-volt 
pulses with rise time of the order 
of 0.1 µsec to capacitive loads of 
upwards of 100 pf. Its design is 
based upon the fact that the neces-

sity for wide frequency bandwidth 
occurs only during the transient 
portions of the pulse—the leading 
and trailing edges. 
The action of the pulse amplifier 

is more easily explained, however, 
by energy transfer rather than fre-
quency response. For, in any pulse 
amplifier, limit to the steepness of 
output-pulse edges is imposed by 
shunt capacitance charging time. 
This charging time varies inversely 
with available current and, subject 
to limitations, current, in turn, is 
inversely proportional to source re-
sistance. 
Common methods of reducing 

source-impedance result in high 
plate current during the quiescent 
parts of the pulse waveform. If 
the conventional type of amplifier 

is to be used with positive and 
negative pulses, it must be operated 
in class A with the result that a 
high level of no-signal current is 
also drawn. 
A numerical example will best 

illustrate this disadvantage of con-
ventional pulse amplifiers. Regard-
ing a pentode as a constant current 
generator, the rise-time of R-C 
coupled amplifiers is given by t = 
2.3026 CR, where C is load capaci-
tance and R is load resistance, and 
t is time for the voltage to reach 
90 percent of the pulse height. Thus 
if C = 100 picofarad, t = 0.1 micro-
second, y = 50 volts, then R = 10'/ 
(2.3026 x 100 x 10-") ohms 
430 ohms. Plate resistance is there-
fore 430 ohms and plate current 50/ 
430 = 0.116 ampere. To handle 
positive and negative going pulses, 
the tube must be operated in class 
A, implying a standby current of 
over 100 ma. 

Furthermore, with plate load of 
430 ohms and transconductance of, 
say, 10 mmhos, the gain would be 
only 4.6, as compared with 25 for 

the system to be described. A novel 
procedure is adopted in the follow-
ing design, whereby an auxiliary 
amplifier is used to provide the 
short-duration charging current 
drawn by the shunt capacitance 
during the transient parts of the 
pulse. Thus, with the auxiliary am-
plifier supplying high-value charg-
ing currents, the main amplifier 
need provide only a comparatively 
small standby current in the plate 
load. 
The basic arrangement of the 

system is shown in Fig. 1. Tube V, 
is the main pulse amplifier. Total 
capacitance shunting its output is 
represented by capacitor C., shown 
dotted. Current in the shunt ca-
pacitance is sampled by inserting a 
low value resistor in series with 
part of it. This is done by means 
of the network C, and R, where ca-
pacitance C, actually forms part of 
the total shunt capacitance. Pro-
viding the time constant of this net-
work is small compared with the 
rise time of the output pulse, the 
instantaneous voltage across R, is 

FIG. 1—Tube V, is main amplifier; input to V. is proportional to the 
required charging current; V. charges stray and load capacitance 
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FIG. 2—Final circuit uses two 

directly proportional to the instan-
taneous current in the total shunt 
capacitance. 
The differentiated voltage pulse 

developed across R, is amplified and 
inverted by tube V„ and the output 
from the plate of this tube is fed to 
the grid of tube V.. Tube V„ is a 
class B amplifier connected in shunt 
with tube V,. 
A sharp positive-going step volt-

age applied to the grid of tube V, 
causes it to draw an increased cur-
rent so that C. and C, begin to dis-
charge. Pulse output voltage, how-
ever, does not increase to its peak 
until these capacitances have dis-
charged fully. But, because of the 
amplified differentiated pulse ap-
pearing at its grid, tube Va conducts 
heavily during the discharge period 
giving a steep transient edge to the 
output pulse. 

It is important that the gain of 
the auxiliary amplifier comprising 
tubes Va and V. must be just suffi-
cient to supply the charging cur-
rent for the shunt capacitance. If 
the gain is too small the rise of the 
pulse will be too slow and, if it is 
too large, the circuit will tend to 
oscillate. 

In the completed amplifier the 
effective gain is finally set up em-
pirically by a preset control; so a 
practical calculation of the required 
gain can be based upon the assump-
tion that the time constant C, Ri 
is negligible compared with the rise 
time of the output pulse. 

It can be argued that the instan-
taneous current (ir) supplied by Va 
must be equal to the instantaneous 

auxiliary 

• 

1 
OUTPUT 

amplifiers for positive and negative inputs 

current ( i„) in the shunt capaci-
tance. If i„ is less than i„, part of 
the charging current will be drawn 
from tube V,; it will be flowing in 
C. rather than R,, and the correct 
instantaneous voltage will not be 
developed. Conversely, if i,, is 
greater than i„„ part of the current 
from V, will flow in R, causing the 
instantaneous voltage to rise above 
peak pulse height and producing in-
stability. 
The output from • V., is equal to 

the voltage developed across R, 
multiplied by the combined trans-
conductance of Va and V». Calling 
this transconductance A, the rele-
vant design formula becomes: 

A = (CI ± C.)/CIRI (1) 

The rate of rise of the output 
pulse is limited by two primary 
factors, the ability of the auxiliary 
amplifier to deliver sufficient charg-
ing current, and its ability to re-
spond to the brief differentiated 
pulse developed across R,. 
The first of these depends upon 

the maximum available instantane-
ous plate current from tube Va. The 
necessary current is readily calcu-
lable from the capacitance of the 
load plus the stray capacitance of 
the amplifier and the required pulse 
rise time. If it is assumed that the 
pulse has an exponential rise, the 
instantaneous current to charge the 
shunt capacitance is given by the 
expression: 

= 

where i, is the instantaneous charg-
ing current, V is the pulse height, 

T is the effective time constant. 
The charging current is at its 

maximum at time t = 0 and is then 
equal to C,V/T. If the rise-time is 
reckoned as that required for the 
voltage to reach 90 percent of pulse 
height, T is given by the formula: 

T = time of rise/2.3026 

And the peak current required 
then becomes: 

= 2.3026C.V/Time of rise (2) 

The rise time of the auxiliary 
amplifier is determined by the re-
sponse of tube V. as a voltage am-
plifier. For a mathematically per-
fect exponential rise to the output 
pulse the maximum current should 
be available at time t = 0. This 
implies an instantaneous response 
on the part of Va. However, rise 
time is normally reckoned as being 
the time elapsing between 10% and 
90% of the voltage step; practical 
pulses are seldom truly exponential, 
having some rounding at the start 
of the rise. 

Therefore, there is negligible 
deterioration if the rise time of the 
auxiliary amplifier is about a tenth 
of that of the desired output pulse. 
The amplifier system described 

in this article is not intended for 
fast-rise pulses, although no tests 
or calculations have been made by 
the author to discover its ultimate 
limitations in this respect. As the 
rise time is reduced, however, it be-
comes difficult to obtain sufficient 
gain from Va without using a large 
tube. 

Obtaining sufficient output from 
V» then depends upon the voltage 
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developed across R,. This, in turn, 
is determined by the ratio of C, to 
C.., and the value of Ri. The capaci-
tance ratio is largely decided by the 
total amount of shunt capacitance 
that can be tolerated; the resistor 
value has a direct bearing on the 
stability of the system. For, if the 
time constant of the sampling net-
work is too large, the potential de-
veloped across R, will correspond to 
the voltage across C, rather than 
the charging current. 
From the mathematical analysis 

of the amplifier' the following ex-
pression has been derived for the 
fastest rise obtainable without in-
stability. 

v = [ _ 1) l 
V C1R, C.IIL 

X eXp [— I (CIRICUL) 1121 (3) 

where y is the instantaneous output 
voltage, V is the pulse height t is 
the time. This expression assumes 
an ideal auxiliary amplifier. 
The circuit in Fig. 1 provides for 

negligible deterioration of the nega-
tive-going edge of the output pulse, 
but it does not operate when the 
input voltage to the grid of V, is a 
negative-going step. The circuit of 
a complete amplifier suitable for 
positive-going and negative-going 
pulses is shown in Fig. 2. 
Two additional tubes V, and V„ 

form a second auxiliary amplifier 
which provides the charging cur-
rent for the shunt capacitance dur-
ing the positive-going output step. 
The operation of tubes V, and V. 
is similar to that of V. and V,,. How-
ever, as this second pair of tubes 
operates in the reverse direction 
from the first pair, it is necessary 
to connect it between the output 
line and a separate 500 volt line. 
The circuit shown in Fig. 2 is 

an experimental amplifier, designed 
to provide a 50 volt output pulse 
with rise time 0.1 gsec across a 
capacitive load of about 100 pf. 
A 6AM6 tube ( similar to 6AK5) is 
used in all stages. 
The required maximum cathode 

current, obtained by substitution 
in expression ( 2), is 2.3026 x 10' 
x 50 x 107 amps = 115 ma. The 
6AM6 is capable of delivering about 
300 ma instantaneous current so 
it is adequate for use as V„ and Vs,. 
With a 10,000 ohm plate-load re-

sistor and a B+ voltage of 250 

volts, tube V, has a dynamic gm of 
2.5 mmhos, giving a voltage gain of 
25. The load capacitance having 
been arbitrarily set at 100 pf, 10 pf 
is chosen for capacitor C,. The stray 
shunt capacitance is small compared 
with the load capacitance and, in 
this experimental circuit, may be 
neglected. To keep the time con-
stant of the sampling network small 
compared with the rise time, the 
total for R, is made 500 ohms. This 
is shared between the two auxiliary 
amplifiers so that each responds to 
the voltage developed across about 

p— 
(A) (B) (C) 

(D) (E) ( F) 

FIG. 3— Positive output pulses for 
various setting of the linearity con-
trols (Rs and Rs). Correctly ad-
justed (A), both too high (B), 
much too high (C), both too low 
(D), Rs too low, Rs too high (E), 
R. too high, R. too low (F) 

250 ohms. In practice a pair of 
500-ohm variable resistors (R. and 
R,) are used, each set to approxi-
mately 250 ohms. Thus C.R,,-= 10, 
C,R, = 10-" x 0.5, and t = 10'. 
These figures may be substituted in 
expression ( 3) as follows: 

i) 11001=4 

X exp [ — 10-, /0.25 x 10-71 

Substituting values, the expres-
sion becomes: 

4.9 
— > 1 0.95 

e4 

Assuming the rise time is 
reckoned in terms of 90 percent of 
pulse heights v/V = 0.9 so that the 
circuit conforms to the condition 
for stability. 
The required gain of the auxil-

iary amplifiers is obtained by sub-
stituting in Eq. 1 

A = [( 100 ± 10) X 10-1211 
(10 x 5 x 10, x 10-12) 

= 2 X 10-2 amps per volt = 20 mmhos 

But the voltage applied to each 
auxiliary amplifier is that devel-
oped across half the value of R„ 
so the effective transconductance 

of each auxiliary amplifier must be 
twice that shown above, or 40 
mmhos. This figure is only about 
six times the g„, of the tube used, 
so the voltage gain of V, and V. 
need only be of the order of seven 
to allow for small circuit tolerances. 
This gain is easily achieved with 
the use of 1,500 ohm plate-load re-
sistor. The stray capacitance 
shunting this resistor should not 
exceed 7.5 pf even allowing for 
wiring strays. This gives a time 
constant for the plate circuits of 
tubes V:, and V4 of the order of 0.01 
gsec, so there will be negligible 
deterioration of the differentiated 
pulse if the rise time of 0.1 gsec is 
adequate. 
Because of component tolerances 

and other variations, it is not pos-
sible to set the gain of the auxiliary 
amplifier precisely; adjustment is 
made with variable resistors R2 and 
R,. These resistors control the volt-
ages applied to the respective auxil-
iary amplifiers; thus they control 
the effective gain of these circuits. 
The amplifier is set up empiric-

ally. A pulse signal having a rise 
and fall time of less than 0.1 µsec 
is fed to the grid of tube V,. Output 
pulse is monitored by a cathode-
ray oscilloscope. With the desired 
capacitive load connected, variable 
resistors R, and R. are adjusted for 
the sharpest obtainable output pulse 
with no overshoot on the leading 
and trailing edges. 

Figure 3 indicates the form of 
oscillograms of the output pulse for 
various settings of the variable 
controls. In the circuit arrange-
ment of Fig. 2, the settings of the 
controls are interdependent so that 
it is necessary to adjust them simul-
taneously. Simultaneous adjust-
ment can be avoided by wiring them 
as potentiometers rather than vari-
able resistors, although this has the 
theoretical disadvantage that the 
time constant of the sampling net-
work would be slightly higher. 
The total mean plate current con-

sumed by the amplifier is of the 

order of 15 ma. 
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Plastics For Potted Cables 
By G. M. Le FAVE, 

ROBERT GAMERO 

and DUKE WITHROW, 
Coast Pro-Seal and Mfg. Co., 
Los Angeles, Calif. 

CABLE SYSTEMS using cold-molding 
techniques have received consider-
able attention in the past few years. 
Cold-molding—with castable elas-
tomers—uses a polymer in liquid 
form which cures to a solid elas-
tomer from heat, a curing agent 
or both. The trend to the technique 
is extending to industrial areas. 
EPDXY RESINS—Epoxy cast-

ing resins do not have rubber-like 
flexibility and are therefore not 
tabulated. 
SILICONES—The so-called RTV 

silicones cure, by catalyst, to a rub-
ber having excellent electrical per-
formance, resistance to tempera-
tures in excess of 500 F and good 
flexibility at low temperatures. Be-

cause of their high cost and medi-
ocre physical characteristics, they 
are used only in cable systems de-
signed for high temperatures and 
only then in conjunction with ex-
truded silicone sleeving. Lack of 
suitable primers also presents ob-
stacles to extensive application. 
POLYSULFIDES—This class of 

liquid polymers represents almost 
the ultimate in ease of use and re-
productiveness. However, they are 
characterized by extreme cold flow 
under moderate load deflections and 
only fair mechanical and electrical 
properties. 
VINYL PLASTISOLS — This 

type of plastic holds a special posi-
tion among cast-in-place polymers: 
it is cured by heat alone. When 
ground to a small particle size it 
is easily dissolved in a wide variety 
of plasticizers at temperatures of 
300-400 F. Upon cooling, a plastic 
is formed with rubber-like prop-
tries. While the low cost of the 

TABLE I — PROPERTIES OF REPRESENTATIVE LIQUID POLYMERS 

plastisols is attractive and their 
performance is frequently satisfac-
tory, they present many difficulties. 
POLYURETHANES — Adaption 

of polyurethane liquid polymers for 
cable molding has become wide-
spread in the past few years. While 
they are already replacing poly-
sulfides and the plastisols it is not 
anticipated that the use of silicones 
will be affected. 
PRIMERS — Because of the 

variety of substrates to which the 
molding compound must adhere, it 
has been typical to use primers. 
The problems of adhesion are com-
pounded by sleeving and insulation 
materials. Manufacturers of ex-
truded rubber products must meet 
specifications but do so with dif-
ferent compounding ingredients. 
For these reasons the suppliers of 
molding compounds have developed 
primers for chloroprene, vinyl, 
nylon, dacron, polyethylene, and 
conductor metals. 
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Property 

Insulation Resistance (Ohms) 
Volume Resistivity (Ohm-CM) 
Surface Resistivity (Ohm-CM) 
Dielectric Constant (60 Cps) 
Electric Strength (V/Mil) 
Power Factor (60 Cps) 

Durometer I lardness (Shore "A") 
Tensile Strength (Psi) 
Ultimate Elongation ( Percent) 
Tear Strength (Pli) 
Abrasion Resistance 
Resilience 
Specific Gravity 

Flame Resistance 
Ozone Resistance 
Fluid Resistance: 
Water 
Jet Fluid (JP-4) 
Diester Oil 
hydrocarbon Oil 
Skydrol 
Lox 
K erosene 
Ketones 

Heat Resistance (Deg. F) 

Low Temperature (Deg. F) 
Radiation Resistance 
Ease of Use 

Silicones 

10n-10" 
10n-13 

3.6-1.2 
300-500 
0.015-0.019 

45-60 
250-100 
80-200 
25-50 
Poor 
Good 
1.1-1.5 

Fair (Non-Conducting Ash) 
Excellent 

Good-Excellent 
Poor 
Fa ir 
Poor 
Good 
Poor 
Poor 
Poor 
150-500 

-100 
Good 
Good 

Polysullides 

108-101" 
109-1011 
109-10 10 
7-10 
200-250 
0.025-0.05 

35-50 
200-300 
200-350 
25-60 
Fair 
Fair 
1.7-1.8 

Vinyl Plast isols Poly ii ret ha nes 

108-10" 
2-3 x 101° 
5 x 101° 
7-8 
300-500 
0.25-0.15 

75-80 
1500-2000 
300-350 
75-150 
Good to Excellent 
Fair 
1.2-14 

Fair 
Excellent 

Good 
Excellent 
Fair 
Outstanding 
Poor-Fair 
Poor-Fair 
Out standing 
Fair 
180-200 

-65 
Poor 
Excellent 

Good 
Excellent 

Good-Excellent 
Fair 
Poor-Fair 
Excellent 
Poor 
Excellent 
Poor 
Poor 
Thermoplastic 

(250-275) 
-10 to - 35 
Poor 
Poor 

109-1013 
108-10 13 
109-1013 
3-8 
250-600 
0.01-0.05 

30-90 
250-5000 
150-500 
25-100 
Excellent 
Fair to Excellent 
1.0-1.3 

Fair 
Excellent-Outstanding 

Fair-Excellent 
Good-Excellent 
Fair-Good 
Good-Outstanding 
Poor-Good 
Good-Excellent 
Poor-Good 
Poor-Fair 
300-350 

-65 to - 100 
Fair-Good 
Good 
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Satellite transmitter before potting. Shock, vibration, 
acceleration and high altitude tests had no electrically 
measurable effects on these units 

A TELEMETRY transmitter for a late-
model satellite incorporates the 
novel phase modulator circuit to be 
described. This circuit developed 
from an NASA requirement to in-
vestigate further the Van Allen 
radiation belt from a satellite in a 
high-apogee orbit with a life ex-
pectancy of 12 to 18 months. The 
transmitter, which has an output of 
300 mw, operates on a frequeney of 
108.03 Mc. 
A primary requirement for this 

satellite transmitter was that it be 
disk-shaped. Further, for easy 
servicing, the sections of the trans-
mitter were constructed in pie-
slice modules around the disk (see 
photo); modules are individually 
potted in foam. Direct-current 
power to the modules is supplied 
near the center of the disk; r-f sig-
nal terminations are near the out-
side of the disk for isolation. 

Complete circuit for the trans-
mitter is shown in Fig. 1. The 
crystal-controlled oscillator circuit 
uses a feedback network which ex-
cludes the crystal to prevent the 
oscillator drop-out effect with tun-
ing. Its output is approximately 2 
mw at 100 ohms. 
The driver takes 2 mw input and 

furnishes an output of 39 mw 
matched to 50 ohms by the pi-net-

work. By tying the collector to 
ground for a heat sink the tran-
sistor output must be taken from a 
point common to the emitter and 
base. The power amplifier is similar 
to the driver except that a balun 
transformer is used to convert the 
unbalanced input to the balanced 
condition required by the emitter 
and base of the transistor. Tran-
sistor output power is excluded 
from the previous circuit by the 
high impedance of the balun. 
The telemetry amplifier is re-

quired for gain and preemphasiz-
ing the subcarrier signals. 
The phase modulator circuit ( see 

Fig. 1) is a modified conventional 
bridged T network evolved from a 
iattice network. Its advantages, 
besides simplicity, are: a modu-
lating capability of ± 1.5 radions 
with a minimum audio signal in the 
frequency range of 400-1,300 cps; 
more favorable operating param-
eters; greater suitability to low 
impedance characteristics of the 
crystal oscillator output circuit. 

Figure 2A shows the basic lattice 
network that can be evolved into a 
bridged T. If the legs are reactive 
and reciprocal with respect to the 
characteristic impedance, then the 
network has zero attenuation to all 
frequencies and a phase shift that 

Telemetry 
Transmitter incorporates a 

By A. J. FISHER, 

Army Ballistic Missile Agency 
Huntsville, Alabama, 

and 

W. R. TALBERT 

W. R. CHITTENDEN 
Motorola, Inc., 
Military Electronics Division 
Scottsdale, Arizona 

changes with frequency. For a 
phase modulator it is desired rather 
that the phase shift at the constant 
input frequency be variable. This 
can be done by varying the two 
reactive legs together so that the 
reciprocal relationship is main-
tained. One pair of reactive legs 
may be capacitive diodes; then, to 
be reciprocal, the other pair of legs 
must be inductances which can be 
varied electronically. This problem 
may be solved by quarter-wave net-
works which have the same char-
acteristic impedance as the lattice, 
because when a quarter-wave net-
work is terminated with a react-
ance, the reciprocal to this reactance 
is always seen at the other end of 
the quarter-wave network. There-
fore, the evolution to Fig. 2B allows 
the exclusive use of identical ca-
pacitance diodes as the jX react-
ances. To reduce the diodes re-
quired to two, the hybrid version 
shown in Fig. 2C or the bridged 
transformer T of Fig. 2D may 
be used. Either is classically equiv-
alent to Fig. 2B. The T gives a 
common input and output terminal 
with the simplest transformer. The 
variable reactance, j2X, of Fig. 2D 
may be a capacitance diode alone 
or it may be the diode combined 
with other reactances. The tangent 
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Transmitter FOR RADIATION SATELLITE 
novel phase modulator circuit based on a modification of conventional bridged-T network 
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FIG. 1— Satellite transmitter. Dotted 

function of the basic phase formula 
(Fig. 2A) and the capacitance-
voltage characteristic of the ca-
pacitance diode are two non-
linearities to be considered when 
trying to obtain a linear rela-
tion between diode control voltage 
and phase shift in the modulator. 
By forming the basic reactance, jX, 
from a capacitance diode and linear 
inductance in series or shunt it is 

possible to find combinations where 
the two nonlinearities compensate. 
The shunt combination results in 
less signal voltage on the diode. 
For most capacitance diodes: C = 

C„/VE,, where C is capacity, C„, 
normalized capacitance at fixed 
bias, and E,, is the instantaneous 
voltage normalized with respect to 
the fixed bias. With diode and in-
ductance in shunt 

1/fX = &IC —1/ col, =(coC„/ )-1/wL 

Let 

602= 1/LC„ 
1/IX = i,JC,,[(1/ VE.) — 1] 

= (1/XC,.) i(1/ 1/E.) — 1] 
and 

13 = 2 tan-1 I c/ Z [( 1/ 1.1E „) — 111 

By plotting this last equation it 
was determined that, by making 
Xe/Z, = 4-, a linear phase versus 
diode control voltage characteristic 
could be obtained over a 1.5 radian 
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L214 

JI 
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a.° 

(C) 

FIG. 2—Stages of evolution of phase modulator circuit 

shift in phase. A characteristic im-
pedance of 100 ohms was chosen 
since at 50 ohms the diode capac-
itance required was large and stray 
inductances were troublesome. The 
phase modulator circuit in Fig. 1 
may be seen to be similar to Fig. 
2D. The upper j2X basic reactance 
is composed of CR, and T,. The 
quarter-wave network is composed 
of C., L, and C,. The second diode 
CR, has no inductance shunting it 
because a series capacitance at the 
input of a quarter wave network 
is equivalent to a shunt inductance 
at the network output, and there-

(B) 

fore C, may be slightly reduced in 
capacitance to offset the equivalent 
inductance shunting CR,. The mu-
tual inductance of T, also provides 
the transformer action required in 
Fig. 2D and C, allows for slight 
differences in diodes and coils. C, 
and C, are blocking capacitors so 
that bias may be applied to CR, 
without upsetting the transformer 
T, symmetry. L„ L, and L, are for 
application of bias and modulating 
signal to the diodes. C, and L4 form 
a network to match the 100 ohm 
characteristic impedance to the 50 
ohm module output terminals. 
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Ground-Mapping Antennas 
WITH FREQUENCY SCANNING 

By A. BYSTROM, R. V. HILL 

and R. E. METTER, 

Physics Technology Department, 

Aero-Space Division, 

Boeing Airplane Co. 

Seattle, Wash. 

FREQUENCY scanning is one tech-
nique of steering antenna beams 
electronically which has not found 
much use in airborne installa-
tions despite the obvious advan-
tages of small volume and no mov-
ing parts. While frequency-scanned 
two-dimensional arrays will not 
necessarily replace more conven-
tional reflector-type antennas, they 
do show considerable promise for 
high-speed vehicle applications. 

Electronic beam scanning or 
sweeping can be accomplished by 
amplitude or phase control of an 
antenna-array aperture distribu-
tion. Amplitude scanning is ob-
tained by keeping the phase distri-
bution constant while varying the 
amplitude distribution of the in-
dividual radiators. Phase scanning 
is accomplished by varying the 
phase while holding the amplitude 
distribution constant. Of the two, 
phase scanning is the most com-
mon; frequency scanning is one 
method of phase scanning. 

Frequency scanning can be un-
derstood by considering an array 
with a series feed involving sev-
eral feed-line wavelengths between 
uniformly-spaced feed points. (An 
example is a snake or helical-wave-
guide feed.) For one frequency, f., 
there is an integral number of de-
lay wavelengths between feed 
points, and the radiating elements 
will be in phase and the beam will 
be broadside, Fig. IA. When the 
frequency is less than fo, there will 

FIG. 1—As the frequency of the sig-
nal to the array is changed, the direc-
tion of the radiated beam is varied 
(A). Method for determining the an-
gle of the radiated beam (B) ; scan 
pattern of 20-turn helical waveguide 
feed (C); wave paths in closed and 
grid-covered waveguides (D) 

be a uniformly progressive phase 
lead all along the aperture and the 
beam will be directed away from 
broadside toward the feed. Con-
versely, when the frequency is 
greater than f,„ there will be a uni-
formly progressive phase lag and 
the beam will be directed toward 
the load end of the array. Thus, as 
the frequency is swept from fa to f2, 
the beam will scan from —0, to 02. 
As a working guide in the devel-

opment of the ground-mapping an-
tenna, a number of tentative specifi-

cations and design objectives were 
established. The more relevant of 
these are listed in Table I under 
Objectives. 

Although the objectives might 
apply to any ground-mapping an-
tenna, there is one characteristic of 
a frequency-scanned ground-map-
ping antenna which differentiates it 
from mechanically-scanned anten-
nas. As is true of all electronic-
ally-scanned arrays, the frequency-
scanned antenna beam lies on a 
conical surface, resulting in a 

TABLE I — Desired Antenna Characteristics and Results Obtained with a Slot Array 
and a Grid Radiator Array 

Azimuth pattern 
and scan angle 

Azimuth pattern 
side lobes 
Elevation pat tern 
shape and coverage 

Elevation patte--
side lobes 
Input vswr 

Objectives 
Single lobed pattern with 
15 degree scan angle from 
normal to array 
At least 22 db below pat-
tern max 
O from —8 to — 15 de-
grees, where Ois elevation 
angle 
At least 22 db below pat-
tern max 
Less than 1.2 to 1, except 
where beam is normal to 
array 

Slot array 
Within 3 db 

28 db down 

0 = —8 to —45 

21 db below 

Less than 1.1 
to 1 

Grid Radiator Array 
Within 3 db 

30 db down 

o = — 16 to — 45 

20 db below 

Less than 1.2 to 1 
except 1.22 at 17 Gc 
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By controlling the driving frequency of an array, the transmitted beam 

can be controlled accurately. A slotted aperture array and a leaky grid 

array prove the feasibility of this method 

hyperbolic ground intercept as the 
beam scans off the normal to the 
array. This characteristic is best 
shown in Fig. 2, where three beam 
positions are indicated with their 
corresponding frequencies. 
The prototype antenna is a two-

dimensional array of waveguide 
radiators which are fed from a 
waveguide helical delay line. The 
aperture distribution required for 
the narrow azimuth beam is formed 
from 20 two-slot directional cou-
plers which couple energy from each 
turn of the helical feed to the radi-
ators. Two approaches were made 
in the development of the shaped-
beam radiators and these resulted 
in two slightly different versions of 
the antenna. One version uses ver-
tically polarized narrow-wall slot 
radiators with cross-polarization 
suppressing baffles; the other ver-
sion exploits horizontally-polarized, 
leaky-grid radiators'. The helical 
feed and both types of radiators 
are excited by a traveling wave. 
The WR-51 size waveguide delay-

line feed was made in the form of 
an H-plane bend helix to obtain the 
high degree of accuracy possible on 
a thread-cutting machine and for 
coupling convenience. A mean cir-
cumference of six guide wave-
lengths was used to obtain radia-
tion normal to the array at 16.5 
Ge. Scan across the ground was 
-±-45 degrees, with end frequencies 
of 16 and 17 Gc. To excite the 
branch-line radiators, two-slot nar-
row-wall directional couplers' were 
precisely aligned on each turn of 
the helix. Directional couplers easily 
provide the desired broadband 
coupling with good interelement 
isolation and impedance match. 
Like the helical feed, the coupler 
manifold was machine cut for ac-
curacy. 

Data for the two-slot directional 
couplers were measured on a test 
coupler with replaceable coupling-
slot inserts. The range of cou-
pling values was determined by the 
choice of a 30-db Taylor distri-
bution', the number of helix turns, 

and the percentage of power to the 
load. For the 20-turn helix, cou-
pling values ranged from 8.5 to 23 
db down. Patterns measured on the 
helical feed to demonstrate scan 
are shown in Fig. 1C; scan angle 
is very nearly a linear function of 
frequency shift. 
Both the shaped-beam radiator 

designs in Fig. 3 are based on the 
synthesis procedures outlined by 
A. S. Dunbar in his work on pro-
gressive-phased ant ennas for 
shaped beams'. Using the principle 
of stationary phase, the procedures 
take a given amplitude distribution 
and determine a corresponding 
phase distribution to obtain a 
stated far-field pattern. Because of 
different practical design considera-
tions in the two types of radiators, 
the manner in which the synthesis 
is applied varies. These differences 
are roughly analogous to the con-
vergent-ray diagram and diver-
gent-ray diagram shaped-beam re-
flectors. 
Waveguide narrow-wall inclined 

FIG. 2—Ground intercept of frequency scanned antenna with slot array radiators 



FIG. 3—Twenty-element frequency scanned antenna with slot radiators ( A) ; 
helical wavegnide feed showing exposed coupling manifold ( B); antenna with 
leaks grid radiators ( C); grid array with waveguide and grid separated ( D) 

shunt slot arrays are widely used 
in large aperture antenna designs. 
In such antennas, slot spacings near 
one-half guide wavelength, À„ are 
usually used to obtain approxi-
mately broadside radiation. If, 
however, slot spacings between 
0.25x, and 0.45X, are used, the full 
range of squint angles required for 
the geometrical optics approxima-
tions obtained from the shaped 
beam synthesis can be obtained. It 
should be pointed out that back-
ward-wave radiation ( toward the 
generator) obtained with less than 
one-half guide wavelength spacings 
is used because of the practical con-
siderations of slot density and 
freedom from multilobed responses. 

Progressive slot positions in an 
element, such as shown in the array 

of Fig. 4, are established in a 
shaped-beam design by referring to 
the squint-angle data from the syn-
thesis and a curve of squint angle 
versus slot spacing, considering 
each succeeding in-phase slot as a 
slot pair with the preceding slot. 
Corresponding slot conductance 
values are found by using the slot 
amplitude values derived for the 
synthesis and the computation pro-
cedure required for a matched 
traveling-wave slot array'. 

Since published slot-conductance 
to slot-inclination-angle data were 
unusable at other than approxi-
mately half-wavelength slot spac-
ings—because of mutual coupling 
effects—new measurements were 
necessary. A family of WR-51 
waveguide test sections, each con-

array of slot FIG. 4—Twenty-element 
radiators with baffles 

taming ten equally-spaced slots, 
were fabricated to provide this 
data. Baffles required to suppress 
cross-polarized lobes were also 

built and used on the test sections 
to include their effect on slot con-
ductance. Two different baffle 
openings were used to cover the 
range of slot spacings. Also, 

quarter-wavelength deep chokes 
were formed by the baffle construc-
tion, and dummy waveguides were 
clamped on either side of the test 
section during measurements. 

Incremental slot - conductance 
values were determined by the in-
sertion-loss method, assuming each 
of the ten slots to have the same 
conductance value. Families of slot-
conductance to slot-angle curves 
were plotted which showed that 

Bea tu Shaping 

For a ground-mapping or ground-
scanning radar system, it is desired 
that the output, such as a ppi presen-
tation, be at approximately the same 
brightness and contrast over the whole 
area being scanned. The ground directly 
beneath the airplane should not appear 
so much brighter than the distant area 
that details or definition of some of the 
area is lost. The most practical way 
to obtain equal definition over the total 
area being surveyed is to make sure 
that the signal received back at the 
antenna, after reflection from equal 

targets, -is the same strength regard-

less of the distance traversed. 
Investigations into the geometry of 

the problem and the radar range equa-
tion reveal that the power out-
put of the scanning antenna, for a 
ground-mapping airplane, should be 

P=csc'ecos%0, where o is the angle 
between the horizon and the depres-
sion of the scanning beam. The curves 

below are taken from "Microwave An-
tenna Theory and Design" edited by 

Samuel Silver, Volume 12 of MIT 
Radiation Lab Series, McGraw-Hill 

Book Co., Inc., 1949. 
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conductance increases with slot 
spacing and baffle opening as well 
as slot angle. 
A typical pattern measured on 

the eight-wavelength-long shaped-
beam slot array ( Fig. 4) is given 
in Fig. 5A. Data from this and 
other measurements over the 16-
to 17-Ge band are included in Table 
I. 

Excellent impedance character-
istics resulted from the traveling-
wave feed and the non-uniform slot 
spacing. The variation in radiation 
efficiency at the ends of the band 
caused a gain decrease of about 0.65 
db at the extremities of scan. 
The grid radiator arrays consist 

of rectangular wavegu ides with one 
narrow wall replaced by a flat wire 
grid and the other wall shaped so 
that the width dimension varies 
with distance along the guide. The 
grid is photoetched from copper-
clad dielectric which serves as grid 
support and pressure seal. The 
shaped wall is machined into a 
metal slab which is grooved to hold 
the top and bottom wave-guide 
walls. 

Operation of the grid radiators 
may best be explained in terms of 
ordinary waveguide operation. The 
TE„, mode in a rectangular wave-
guide may be considered to consist 
of uniform plane waves bouncing 
between the side walls at such an 
angle that interference between 
them causes a zero electric field at 
the walls ( see Fig. 1D). The angle, 
0, of the bounce depends on the 
width of the waveguide and the fre-
quency; when the width of the 
guide is just one-half wavelength, 
O is zero; when the wavelength 
becomes very small with respect to 

the width, O approaches 90 deg, and 
the waves do not tend to bounce 
at all. 

Suppose one narrow wall is re-
placed by a grid of flat wires which 
are in line with the electric field. 
The resulting mode may still be 
considered to consist of plane waves 
bouncing between the grid and the 
opposite wall, excepting that some 
of the energy directed toward the 
grid passes on through into space 
outside the grid. The remainder 
bounces back, as before, to continue 
a net movement of energy down the 
guide. Size and spacing of the 
wires determines how much is 
bounced; the angle at which the 
plane waves bounce is still depend-
ent on the width of the guide, the 
wavelength, and the amount of in-
terference which is necessary for 
the field to be zero on the solid wall. 
Since the energy that passes 
through the grid continues in the 
bounce direction, it may be seen 
that the angle of radiation from 
the grid-array element as well as 
the amplitude may be controlled by 
controlling the wire size and spac-
ing simultaneously with the wave-
guide width. 
The elevation pattern of such an 

array element 6.25 inches long at 
16.5 Gc, with 10-percent power into 
the load, is shown in Fig. 5B. The 
patterns show a beam shape which 
is preserved with changes in fre-
quency, but exhibits a tendency to 
scan. The undesirable beam scan-
ning may be compensated by tilting 
the array. Assuming an antenna 
tilt is used, the performance data 
shown in Table I applies. 
One of the problems with fre-

quency-scanned antennas is provid-

ing beam-angle data takeoff. The 
problem was solved with the circuit 
shown in Fig. 1B. Directional cou-
plers at each end of the helical delay 

line provide inputs to a phase de-
tector. By virtue of the long elec-
trical length of the helical delay 
line, the phase detector output will 
be amplitude modulated at an audio 
rate as the transmitter frequency is 
varied to achieve antenna beam 
scanning. After boxcarring and 
amplification, the audio frequency 
component can be used to drive a 
servo follower if a constant scan 
rate is used. In cases where inter-
mittent and variable scans are re-
quired, a two-phase phase detector 
will provide continuous servo track-
ing under all scan conditions. 
Use of directional couplers and 

traveling-wave elements necessi-
tates the use of a large number of 
termination loads in the frequency-
scanned antenna. To minimize the 
space required, 0.255-inch long 
resonant loads of epoxy-iron and 
carborundum - ceramic materials 
were used, giving vswr of less than 
1.2 to 1 over the band. 
The authors wish to thank J. K. 

Smith for his contributions to the 
angle takeoff circuit and resonant 
loads. 
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FIG. .5— Pattern of 8-wavelength long, inclined slot element with baffles, at 16.5 Ge (A). 
»tent with 10 percent power in the load, at 16..5 Ge (B) 
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(A) 

(C) 

Transistorized scale - of - 64 
counter has neon-lamp read-
out, and is backed-up by a 
four-digit register 

-6.5V H.V.POWER 
SUPPLY 

3.3K 

TO NEXT SCALING 
STAGE INPUT 

INPUT FROM 
LAST SCALER 
STAGE 

G.M. TU BE 

I ST SCALING 
STAGE INPUT - 6.5 V 

FIG. I—Typical counting stage—readout is provided by neon indicator (A) ; 
input-ci reuit shapes G-M pulses for triggering counter chain (B); output 
from scale-of-64 circuit triggers drive circuit of the mechanical counter once 
for every 64 inputs from the G-M tube ( C); blocking oscillator converter pro-
vides three stabilized levels of high-voltage for the G-M tube (D) 

Battery 
Lightweight design dispenses 

By F. E. ARMSTRONG, 
Bartlesville Petroleum Research Center 

Bureau of Mines, 
U. S. Department of the Interior, 

Bartlesville, Okla. 

A SIMPLE BATTERY-POWERED SCALER 

has been designed for quantitative 
measurements in field radioactive-
tracer studies. The instrument in-
corporates a binary scaling circuit 
driving a mechanical register, a 
pulse-amplifying circuit and a reg-
ulated high-voltage supply for 
Geiger-Muller tube operation. The 
transistor scaling stages are non-
saturating and temperature com-
pensated. Neon indicator lamps are 
used. 
The instrument consists of a 

scale-of-64 scaling circuit driving 
a 4-digit mechanical register, a 
regulated high-voltage supply and a 
pulse amplifier. Timing is done 
with an ordinary stop watch. Power 
for the unit is furnished by 9 single 
cells, either flashlight cells or mer-
cury cells, and a single 90-volt bat-
tery which supplies power for the 
neon indicator lamps. One set of 
batteries will permit operation for 
several months with an average use 
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Powered Portable Scaler 

with frills to improve reliability and to reduce cost and weight 

of 3 to 4 hours daily. Total weight 
of the instrument is 141 pounds. 
The six transistor binary scaling 

stages are diode clamped for non-
saturated operation. Nonsaturated 
operation of the scaling stages was 
chosen for several reasons. The de-
crease in required triggering volt-
age allows operation from slightly 
lower supply voltages. Stability 
under extremes of temperature is 
improved, and the variation in cur-
rent demand with attendant poor 
voltage regulation is reduced. 
The circuit for a single scaling 

stage is shown in Fig. 1A. Readout 
for the stage is a commercial tran-
sistorized neon indicator. The 
power consumption of 0.5 ma from 
the 90-volt battery, and about the 
same from the bias supply (2.6 
volts), is not excessive. A one-shot 
multivibrator is used to drive the 
first scaling stage. Provision is 
made for both high and low im-
pedance inputs. The low impedance 
input drives the multivibrator di-
rectly. The high impedance input is 
through an impedance-matching 
stage and the high-voltage coupling 
network for the Geiger tube. The 
circuit of the input stages is shown 
in Fig. 1B. 

The mechanical register used 
with the instrument is a 4-digit, 
reset-type electric counter with a 
6-volt coil. Its maximum driving 
rate of 600 counts per minute de-
termines the maximum scaling 
speed of the instrument. This, how-
ever, corresponds to a maximum 
scaling rate with a scale-of-64, cir-
cuit of nearly 40,000 counts per 
minute—well beyond the useful 
scaling frequency of most Geiger 
tubes. 
The coil of the register acts as 

the collector load of a complemen-
tary multivibrator circuit, whose 
time constants are chosen to pro-
vide a 40-millisecond square-wave 
pulse across the register coil. The 
circuit is shown in Fig. 1C. Use of 
a power transistor as the second 
transistor in the circuit reduces the 
ON period resistance to a fraction 
of an ohm and provides reliable 
operation. A thermistor in series 
with the bias supply for the pnp 
transistor stabilizes operation of 
the circuit over a wide tempera-
ture range. 

High-voltage power supply is a 
conventional blocking-oscillator cir-
cuit which supplies voltage either 
variable or regulated at 900, 1,000 

Portable scaler in field 
use. Count rate is deter-
mined by stop-watch 
timing of count period. 

or L100 volts. A 20-microampere 
movement meters the supply with-
out excessive current drain. Regu-
lation is accomplished by switch-
ing one of three corona-discharge 
tubes into the stabilizing circuit. 
At the same time the resistance 
in the oscillator bias circuit is 
changed to permit the proper regu-
lation current through the regula-
tor tubes. The supply circuit is 
shown in Fig. 1D. 
The single-cell batteries are 

mounted for easy replacement, in 
clip holders just inside the back 
cover of the instrument. The 90-
volt battery is mounted similarly. 
Because of the complexity of the 
battery connections, a 3-pole ON-OFF 
switch is provided. Pilot lights are 
used to indicate main power ON, 
high voltage ON and counting. While 
they introduce additional battery 
drain, these lights are desirable to 
lessen the possibility of leaving the 
instrument inadvertently turned ON. 
The thermistor temperature-com-

pensating element was added to the 
register-drive circuit as a result 
of the relatively wide range of op-
erating temperatures encountered 
(50 to 110F). No other operational 
difficulties were encountered. 
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Chart permits determination of factor required for 

calculating effectiveness of radar in presence of jamming 

Determining 

Radar Visibility 

By NATHAN SLAWSBY, 

Senior Engineer, Electronics Research Laboratories, 
Crosley Div., Avco Corp., Boston, Mass. 

EFFECTIVENESS of a radar in the 
presence of jamming is usually 
measured in terms of its self-
screening range. To define this 
quantity, consider the case of an 
aircraft with a white-noise jam-
mer aboard flying a straight-line 
course which takes it directly 
over a surveillance radar. 

Generally, the transmitted 
power of the radar is much 
higher than that of the jammer. 
At sufficiently short ranges, 
therefore, the echo received from 
the target at the radar antenna 
is greater than the signal pro-
duced by the jammer, and the 
target is clearly visible to the 
radar operator. However, the 
radar echo decreases in strength 
as the fourth power of the range 
and the jamming signal falls off 
only as the square. As the air-
craft moves away from the ra-
dar, the advantage shifts from 
the radar to the jammer; at suffi-
ciently great ranges, it is impos-
sible for the radar operator to 
distinguish the target in the 
jammer noise. As the range in-
creases, the probability of detec-
tion decreases from nearly unity 
to nearly zero. 
At some intermediate range, 

the detection probability must be 
exactly 50 percent. This range is 
defined as the self-screening 
range, the range at which the 

radar and the jammer are evenly 
matched. Thus, a large self-
screening range indicates that 
the effectiveness of a radar is not 
seriously impaired by a jammer. 
The equation for the self-

screening range, R.., is 

R.. = ( P, G, cr/4T P G, 6v)i ,2 (1) 

Table I defines terms used in 
this and other equations. 
Another quantity of interest is 

termed the screening range. Con-
sider a situation in which a jam-
mer carried in one aircraft at-
tempts to prevent the radar 
from detecting another aircraft. 
In this case, the jammer gener-
ally radiates into a side-lobe of 
the radar radiation pattern at 
the time the main-lobe radiation 
illuminates the target. The 

TABLE I—GLOSSARY OF TERMS 

radar peak power, w 
radar-antenna gain 
mean reflecting-target area, sq m 
radar i-f bandwidth, mc 
jammer power, w/mc 
jammer-antenna gain 
visibility factor, S/N for 50-% 
detection probability 
average side-lobe/main-lobe level 
(ra tio) 
jammer range 
hits on target/scan 
pulse duration, msec 
antenna rotation, rpm 
prf, pulses/sec 
max range displayed, statute miles 
half-power beamwidth, deg 

screening range, R„ which is the 
range at which radar and jam-
mer are equally matched in this 
situation, is given by 

R.= ( P,GeR,2147r pp,k6v)i" (2) 

In both of these equations, the 
visibility factor (V) is the one 
term which may not be readily 
determined. Visibility factor can 
be determined from Fig. 1 if the 
false alarm rate which the radar 
operator can just barely tolerate 
is known. 
The requirement of 50-percent 

detection probability does not 
completely specify the visibility 
factor. It is also necessary to 
state the rate at which noise 
spikes can be allowed to exceed 
the detection threshold of the 
radar and generate spurious tar-
gets. Since the visibility factor 
is used to determine the range 
at which neither the radar nor 
the jammer has a clear advan-
tage, this rate must be high 
enough to cause some distrac-
tion to the radar operator with-
out confusing him completely. 
The detection threshold is ar-

bitrarily set to yield one false 
alarm per beamwidth in the self-
screening case and one false 
alarm per scan in general screen-
ing case. The rates differ because 
in the self-screening case, the 
jammer is in the main lobe at the 
same time as the target, while in 
the general case, the jammer 
radiates into a side lobe. 
The false-alarm probabilities 

are determined by 

= r/10.74 Rm 
P. = nt f./645 Rm f, 

These equations assume that 
the radar display may be subdi-
vided into a number of data posi-
tions with dimensions corre-
sponding to the duration of the 
transmitted pulse and the half-
power beamwidth of the antenna. 
P.. is the reciprocal of the num-
ber of these data positions in a 
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announcing 

reliable 

diffused 

silicon 

diodes 

A - dumet. H - platinum, C - gold. D diffused region, 
E - N-type silicon. F - gold, G - dumet. 

Active portion and consequently the capacitance of these diodos are mini-

mized by etching away all but a small diffused section. Rugged construction 

provides resistance to shock and vibration exceeding MIL-STD. 202A. 

More reliable products through Advanced En (I; ' leering 

Advance-engineered diffusion techniques are now applied to CBS 
silicon diodes. Fast switching . . . high conductance . . . high 
temperatures.. . high voltage.. . low capacitance ... and low 
reverse current are achieved. 

The diffusion technique offers many other advantages over the 
alloying method: Close process control of all parameters, great 
uniformity, and high reverse voltage for a given resistivity 
through the graded junction. Hermetic sealing of miniature glass 
package also contributes to the exceptional life. 

Now you can have proven CBS reliability in diffused silicon di-
odes. Watch for further announcements on this growing CBS 
silicon line. 

a comprehensive line 

for computers 

Note the two major classifications particularly designed for 
computers in missiles, rockets, airborne and industrial equipment. 
Typical applications include switching, pulse, flip-flop, modulator, 
demodulator, discriminator, clamping, gating and detector cir-
cuits. Write for complete technical Bulletins E-373 and E-374. 

FAST RECOVERY TYPES 

Mis' Rev. Min. Forward Maximum Reverse Current Reverse Recovery 
fis 25°C (iy 100°C Voltage Current Characteristics' 

Type ei3100RA 
(volts) 

le 
(mA) 

Er 
(volts) 

In 

(RA) 
Er, 

(volts) 
IF 

(RA) 
ER 

(volts) 
Zrec 

(Kohms) 
t 

(Rsec) 

111625 -35 4 1 5 1 -20 30 -20 400 1.0 

18626 -50 4 1.5 1 -35 30 -35 400 1 0 

18627 -100 4 1.5 1 -75 30 -75 400 1 I) 

18628 -150 4 1.5 1 -125 30 -126 400 1 

18629 -200 4 1.5 1 -175 30 - 175 400 1 0 

•JEDEC 14.5- (Modified IBM Y reverse recove y circuit with: 
IF = 30mA, ER = -35V. R,. = 2K ohms.) 

HIGH CONDUCTANCE TYPES 

Min. Rev. 
Voltage 

Max. Fwd. 
Voltage 

Maximum Reverse Current Max. Avg. 
Fwd. Current lio 25°C @ 150°C 

Type (ii, 100 RA R-, 100 mA In En IR EH (0 25°C €o 150°C 
(volts) (volts) (RA) (volts) (RA) (volts) (mA) (MA) 

111482 -40 1.1 0.25 -30 30 -30 100 25 

18483 -80 1.1 0.25 -60 30 -60 100 25 

18484 -150 1.1 0.25 -125 39 -125 100 25 

111485 -200 1.1 0.25 -175 30 -175 100 25 

CBS 
(t) 

semiconductors 

CBS ELECTRONICS, Semiconductor Operations • A Division of Columbia Broadcasting System, Inc: 

Sales Offices: Lowell, Maas., 900 Chelmsford St., GLenview 4-0446 • Newark, N. J., 231 Johnson Ave., TAlbot 4-2450 • Melrose Park, Ill., 1990 N. Mannhehn 
Rd., EStebrook 9-2100 • Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 • Atlanta, Ga., Cary Chapman & Co., 672 Whitehall St., JAckson 4-7388 

Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-6457 • Toronto, Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311 
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beamwidth; and P„ that of the 
number in a complete scan. 
The number of hits per scan, 

which, for a point target, is equal 
to the number of pulses per 
beamwidth, is given by: 

n = f,OH/6f, 

Use of Fig. 1 will be illustrated 
by finding the R. of a target 
with a 1 sq-m mean cross-sec-
tional area, screened by a jam-
mer which has these character-
istics: P, = 1 w/mc, G, = 2, 
R, = 1.61 x 10' m. 
The radar has these character-

istics: O,, = 3 deg, f, = 8 rpm, 
f, = 400 pps, T = 2µsec, L = 
200 miles, G = 316, K = 3.16 X 
10', 8 = 600 Kc, P = 1 Mw. 

Solving for hits/scan, n = 400 
x 3/6 x 8 = 25. 
Calculating the false-alarm 

probability, 

V
I
S
I
B
I
L
I
T
Y
 
F
A
C
T
O
R
 

P.= 25 X2X8/645X200X400 
= 7.76 X 10-6 

From the chart, visibility 
factor is 1.15. 

Inserting V into the screening-
range equation, 

R„ = [(1 x 102)(316) ( 1) (2.6 X 10,0)  
(12.6)(1)(2)(3.16 X 10-3(0.6)(1.15) 

Thus, R. = 1.11 x 10' meters. 
Since the jamming signal is 

random noise, the method of 
computing visibility factor for 
various false-alarm probabilities 
and hits/scan involves the statis-
tical nature of the detection 
process. 
The envelope of a white-noise 

signal conforms to a Rayleigh 
probability distribution, given 
by 

P(Rx)dft,v = 
(2/K2)RN exp(-RN2/K2)dRif 

Jv 
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FIG. 1—To obtain visibility factor, compute hits per scan 
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where RN is the instantaneous 
amplitude of the noise envelope 
and K is the rms amplitude of 
the noise envelope.' This expres-
sion shows the probability that 
the noise envelope exceeds any 
noise level, R:;. 
When a continuous sinusoidal 

signal of unit magnitude is 
added to the noise, the S+N en-
velope conforms to a probability 
distribution given by 

P(r)dr = (2/K2)r expi - ( 1 -1-r2)/K21 
/0(2r/K2)dr 

That is, this expression shows 
the probability that the signal-
plus-noise envelope exceeds any 
level of signal plus noise, r. Here 
/0(x) = 
To find the signal-to-noise 

ratio needed to give 50-percent 
detection probability for any 
false-alarm rate at one hit per 
scan, the noise distribution func-
tion is used to determine the 
threshold voltage which corre-
sponds to that false-alarm rate. 
The required signal-to-noise 
ratio is that which yields a mean 
value which is the same as this 
threshold level. This is found by 
applying the series approxima-
tions' for the signal-plus-noise 
distribution function. 
The effect of integrating sev-

eral hits per scan can be deter-
mined by applying the central 
limit theorem to the above dis-
tributions. Application of the 
theorem produces approxima-
tions for the probability distri-
butions. The approximations 
have been used to generate the 
family of curves in Fig. 1. Deri-
vation of the curves is based 
upon an ideal radar, and does 
not include such effects as lack 
of discrimination by the opera-
tor, antenna scanning loss, and 
mismatch of the i-f bandwidth 
to the pulse duration. Such ef-
fects, if they exist, degrade visi-
bility factor V to an extent de-
termined only by computing the 
losses in each case. 

REFERENCES 

(1) S. 0. Rice, Mathematical Analy-
sis of Random Noise, Bell System Tech 
J, 23, p 282 to 332, 1944 and 24, p 46 
to 156, 1954. 

(2) K. A. Norton, L. E. Vogler, W. Y. 
Mansfield and P. J. Short, The Prob-
ability Distribution of the Amplitude of 
a Constant Vector Plus a Rayleigh-
Distributed Vector, Proc IRE, 43, No. 
I 0. I, 1.351 to 1,361, net 11155. 
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The smooth, easy insertion and extraction 

action, the self-wiping, self cleaning fea-

tures and the double-sided, flexing action 

of both mating contact members make 

Micro- Ribbons the first miniature connectors 

to provide reduction in size with added 

reliability. 

* CINCH 
MINIATURE BLUE RIBBON 

CONNECTORS Bodies are molded of an improved 

diallyl phthalate with extremely high impact strength and ex-

cellent dielectric features. Contacts are gold-plated over silver. 

Shells are cadmium- plated brass with clear chromate treat-

ment. Receptacle shells have floating bush-

ings allowing a float of . 020 in each 

direction. 

24 CONTACTS 

MLLE E. LEI. E LE_ 

RECEPTACLE 
ASSERISLY 

RACK b PANEL TYPE 

DIMENSIONS 

CABLE-TO CHASSIS 
MOUNTING TYPES 

The compact housings are equipped with sturdy spring 
type latches on the receptacles which are guided and held 
by cut-outs in the plug flanges. 

The shells are cadmium plated brass with clear chromate 
treatment. Receptacle shells have floating bushings allow-
ing a float of .020 in each direction. 

14 Contacts 24 Contacts 36 Contacts 50 Contacts 

A 1.417 1.842 2.352 2.947 
BOTH B 1.750 2.175 2.685 3.270 
TYPES C .908 1.335 1 845 2.440 

D  .843 .843 .905 1.000 
CABLE TO E 1.668 1.668 1.730 1.825 
CHASSIS F .306 .473 .640 .766 

TYPE ONLY G .422 .473 .473 .473 

36 CONTACTS 
drir Litt plezni,nt 
 — 

tql1711,1> et, eireiere 0?'1. 

MIL! 

CINCH MANUFACTURING COMPANY 
1026 South Homan Ave., Chicago 24, Illinois 

Div,sion cf Unded-Car , Fastener Corporation, Boston, Mass. 

A 

CAILE-TO-GHASSIS TYPE 

MAX. CAKE MA, 
r-

Centrally located plants at Chicago, 

Illinois; Shelbyville, Indiana; 

City of Industry, California; 

St. Louis, Missouri. 

RACK AND PANEL...CODE NOS. 

PLUGS SOCKETS 
CONTACTS 

14 
24 
36 
50 

36-27114 
36-27124 
36-27136 
36-27150 

36-27214 
36-27224 
36.27236 
36-27250 

PLUG WITH CAP ... SOCKE1" WITH LOCK 

14 36.27314 36-27414 
24 36-27324 36-27424 
36 36-27336 36-27436 
50 36-27350 36-27450 

50 CONTACTS RACK AND PANEL TYPES 
4` Manufactured by agreement with Amphenol-Borg Electronics Corporation 



RESEARCH AND DEVELOPMENT 

Miniature Capacitor Microphone 
DIMENSIONS of capacitor micro-
phones have been reduçed while re-
taining the desirable characteristics 
required for measurement applica-
tions and for use in tv and moving 
picture studios. A Mylar diaphragm 
6 microns thick and 5 mm in diame-
ter with gold deposited on it helped 
reduce size. The miniature micro-
phone with 15-Kc bandwidth was 
described by C. Wansdronk of 
Philips Research Laboratories, Ein-
doyen, Netherlands. 

Output of a capacitor microphone 
subjected to a given sound intensity 
is dependent on the ratio of change 
in capacitance to total capacitance. 
Total capacitance includes a para-
sitic capacitance that becomes pro-
portionately greater as dimensions 
are decreased. Therefore change in 
capacitance should be made as large 
as possible by permitting as much 
diaphragm deflection as possible. 
For omnidirectional capacitor mi-

crophones, deflection is about in-
versely proportional to stiffness, so 
stiffness should be as small as pos-
sible. However, bandwidth is lim-
ited at high frequencies by dia-
phragm resonant frequency, which 
in turn is dependent on diaphragm 
mass. 

Decreasing diaphragm stiffness 
requires a decrease in diaphragm 
mass to maintain constant band-
width. The Mylar diaphragm pro-
vided the reduced mass, but mass 
of surrounding air could no longer 
be neglected. 

High-Frequency Detection 

Smaller total capacitance in-
creases internal impedance, result-
ing in increased preamplifier input 
impedance or a higher cut-off point 
for lower frequencies since micro-
phone and preamplifier impedances 
form a high-pass filter. This prob-
lem can be overcome with high-fre-
quency detection'. A coil is inserted 
in series with microphone capaci-
tance to lower impedance near reso-
nant frequency and permit connec-
tion of the cable directly to the coil. 
Coil and microphone are mounted in 
a casing 5 cm long. 
Varying impedance of the micro-

OSC 

(A) 

AM UL 

DET 

(8) 

FIG. 1—Comparison circuit produces sidebands with changes in micro-
phone capacitance that are amplified, recombined with the carrier and 
detected (A). Acoustical filter in equivalent circuit permits cardioid pat-
tern over entire frequency range 

phone-coil combination in Fig. lA 
is compared to a fixed impedance. 
Zaalberg van Zelst2 proposed using 
the same elements in the fixed cir-
cuit, but the microphone was re-
placed by a capacitor. 

Difference voltage contains only 
the side bands of the amplitude-
modulated signal. The signal can 
then be amplified, mixed again with 
the carrier and detected. Low noise 
results, especially in silent periods. 
However, slight changes in the ele-
ments overload the circuit with car-
rier current. Also temperature 
changes between the two branches 
cause imbalance. 
The fixed branch was replaced 

with a resistance (the resistance of 
the coil) to start with imbalance. 
The detector was inserted directly 
behind the transformer. A fre-
quency was chosen in a straight 
part of the resonant curve not far 
from minimum to keep high S/N. 
Noise is mostly electrical and is 
probably caused by frequency and 
amplitude fluctuations of oscillator 
current. Measured constant noise 
level per octave was equivalent to 
sound pressure of 20 db/octave. 

Directivity 

To make the microphone direc-
tional, it is necessary to measure 
pressure gradient instead of abso-
lute pressure. Sound is allowed to 
reach the diaphragm directly from 
the front and from the rear via 
holes in the side wall and in the 
fixed electrode. 

In an equivalent electrical circuit, 

the side wall holes can be repre-
sented by an inductance and the 
cavity between the holes and the 
diaphragm by a capacitance. To a 
first approximation there is no 
phase difference between the holes 
and the rear of the diaphragm for 
frequencies below the combined 
resonant frequency of the holes and 
the cavity. Directivity characteris-
tic is a figure 8. To obtain a cardi-
oid, an acoustical filter was built 
that changes phase proportional to 
frequency. This can be done with 
an RC or L/R low-pass filter. 

If length 1 is an indirect path 
from the front to the side holes and 
c is sound velocity, RC = lie or 
L/R = l/c. This relation must be 
fulfilled to get cardioid directivity. 
Effective detour 1 appeared as the 
distance between the front and the 
side-wall holes plus half the dia-
phragm diameter. 
There is a problem with the fre-

quency characteristic as well as the 
directivity characteristic at fre-
quencies at which w(//c) > 1. How-
ever, diffraction can largely com-
pensate these problems. At lower 
frequencies where the electrical cir-
cuit forms a useful analogy, the 
cardioid shape becomes increasingly 
circular. As microphone diameter 
decreases, the frequencies at which 
this occurs are higher. 
To control diaphragm resistance 

and obtain maximum effective ca-
pacitance, there is only the small 
slit between the fixed electrode and 
the diaphragm. From the theories 
of Crandall', this slit can be repre-
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TUNG-SOL/CHATHAM 6080 FAMILY 
All fit the same socket... 

But which fits your application 
Like most circuit designers, you're probably often confronted 
with a wide choice of tubes which meet the electrical re-
quirements specified by your design. But depending on other 
factors, such as the kind of environment in which the tubes 
are expected to operate, your choice may be limited. 

Consider the Tung-Sol/Chatham 6080 tube family, for 
example. The 6080, the 6080WA, the 6080WB and the 
prototype 6AS7G all fit the same socket. The electrical 
ratings of these series regulator tubes are the same. Would 
you know which to specify for your power supply? The 
differences are vitaL Knowing them can make all the dif-
ference in the ultimate reliability of your design. 

If economy in original component cost is paramount and 
size not a factor, then the 6AS7G may be your choice. If 
size is a factor, the smaller 6080 would be used. The 6080WA 
is the right tube if more closely controlled characteristics 
are important, if environmental conditions are severe, and 
if greater assurance of long life is needed. Where the tube 
is expected to operate under high ambient temperatures and 

severe vibration, and if many tubes are to be operated in 
parallel, then the 6080WB is best. 

Of this you can be sure: Tung-Sol will recommend the 
"best" tube for your particular requirements. Once you 
have specified a Tung-Sol tube for your applicatioh, you'll 
be gratified by the superior performance and the highest 
operational reliability all Tung-Sol components provide. 
Every Tung-Sol tube is the product of the highest manu-
facturing standards and unexcelled quality control. 

Full technical details on the Tung-Sol/Chatham 6080 
family are also available to you on request. 

And if you would like prompt and able assistance in 
selecting the correct tube for your application, get in touch 
with Tung-Sol tube experts. They'll be glad to study your 
design and recommend the tubes best for you. Tung-Sol 
Electric Inc., Newark 4, N. J. TWX:NK193 
Technical assistance is available through the following sales offices: Atlanta, 
Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; 
Detroit, Mich.; Irvington, N. J.; Melrose Park, Ill.; Newark, N. J.; Phila-
delphia, Pa.; Seattle, Wash. Canada: Toronto, Ontario. 

TUNG-SOF 
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1-1e's discovered the cable 
that'l I do the trick 

It's Hickory Brand 
Microphone Cable! 

• EXTRA LIMP 

• LONG FLEX LIFE 

e LOW CAPACITANCE 

• HIGH TENSILE STRENGTH 

These plastic-insulated cables with non-marking 
jackets are lightweight, weatherproof and highly 
resistant to abrasion. 

Use Hickory Brand Microphone Cables for all 
stage and studio work. Excellent for audience-
participation programs. Use also for outdoor 
extensions. 

All Hickory Brand Electronic Wires and Cables 
are quality-engineered and precision manufac-
tured to meet the most exacting requirements. 

Write for complete information on the full line of 

HICKORY BRAND 
Electronic Wires and Cables 

Ma 7111 facture(' by 

SUPERIOR CABLE CORPORATION, Hickory, North Carolina 

sented by a resistance with a par-
allel capacitance. This resistance 
however is proportional to (//) t. 

In the circuit in Fig. 1B, R and C 
form the artificial filter, R, and C. 
form the slit filter and Z, is dia-
phragm impedance. In the middle 
range and for high frequencies, R, 
does not exist and C. is small com-
pared with C. With RC = lic, a 
cardioid results. For low frequen-
cies, the two filters change phase 
too much. By eliminating the arti-
ficial RC filter, the microphone is a 
cardioid at low frequencies with a 
figure 8 for higher frequencies. 
To keep the same cardioid char-

acteristic over the whole frequency 
range, an artificial filter was made 
to operate only when R,C, has dis-
appeared. The acoustical filter 
mounted inside the microphone acts 
like a damped resonant circuit func-
tioning like the slit filter. 

REFERENCES 

(1) H. Riegger, Z. Tech Phys, 5. p. 577, 
1924. 
(2) J. J. Zaalberg van Zeist, Philips Tech 
Rev, 9, p 357, 1947. 
(3) J. B. Crandall, Phys Rev., XI, p 449 
1918. 

Corner Reflectors for 
Low Back Radiation 
DESIGN analysis of corner reflector 
antennas has been carried out by 
the National Bureau of Standards 
under USAF sponsorship. Results 
provide comprehensive information 
on high-performance, economical 
corner reflectors. 

Corner reflector antennas have 
two plane reflecting surfaces joined 
to form a corner. The driven ele-
ment is placed in the aperture 
between the two planes. These an-
tennas offer high gain, broad fre-
quency response, narrow beam 
width and low back radiation. 

Ionospheric scatter stimulated in-

terest in corner reflectors. Despite 
earlier use, performance was known 
only qualitatively. The present in-
vestigation was to determine how 
gain varies with width and length 
of reflecting surfaces, aperture 
angle and driven element position. 
The antenna investigated had two 

lattice-type wooden frames 12.3 ft 
wide ( five wavelengths at 400 Mc) 
and 12.3 ft long supporting the re-
flecting surfaces. The reflectors 
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were overlapping strips of alumi-
num fastened to the frames. Re-
moval of one strip would subtract 
0.2 wavelength from the surface. 
Width could be varied by trimming 
strip length. The frames were piv-
oted along the same axis, and aper-
ture angle could be varied from 20 
to 180 degrees. 

The driven element was a folded 
half-wave dipole. Its position could 
be varied from 0.07 to 2.5 wave-
length from the apex of the reflect-
ing surfaces. The dipole support 
also served as a balum to transform 
system impedance to about 50 ohms. 
An exact match to a 50-ohm line 
was provided by a two-stub tuning 
unit. Gain was measured at 400 Mc. 

Although collinear arrays of four 
or more dipoles are used in scatter 
antennas to obtain gains of over 20 
db, performance can be predicted 
from that of a single dipole. 

Performance 

Minimum reflector width is 0.5 

wavelength for the smallest usable 
gain. Increasing width to 2 wave-
length increases gain. Greater 
widths produce little or no increase 
and may actually decrease it. 

For maximum gain, the dipole 
must be at one of several positions 
from the apex. Exact position is a 
function of aperture angle. 

With the dipole at the first posi-
tion, gain increases monotonically 
as reflecting surface length in-
creases. At the second or third po-
sitions, the same relation holds ex-
cept for surface lengths less than 
1.5 wavelengths. For the shorter 
lengths the relation is too irregular 
for simple analysis. 
Maximum gain along the forward 

axis seems to be achieved with the 
dipole in the second position and 
the reflecting surface more than 
two wavelengths long and about two 
wavelengths wide. 

Ionospheric scatter antennas for 
low vhf should have low secondary 
lobes and minimal back radiation to 
avoid interference from multipath 
propagation. The corner reflector 
can be designed to have very low 
back radiation. The small back 
radiation that does occur results 
from diffraction around the edges 
and penetration through small 
openings in the reflector surfaces. 

Plug-in CALI-MARKER' 
, Calibrator & Time-Mark 

Generator 

The first compact, plug-in unit 
of its kind. Combines a stable, 
square-wave calibrator and a 
crystal-controlled time-mark gen-
erator. Interchangeable with a 
second plug-in sweep generator. 

e 

Plug-in SWEEP GENERATORS 

One or two identical plug-in 
sweeps may be used on each 
instrument for common or sepa-
rate calibrated time bases as 
needed. Second sweep inter-
changeable with Cae-Marker. 

RECTANGULAR & SQUARE 
2- and 4-Gun Tubes 

. . . exclusive with ETC, give rosier areas 

equal to 7" round tubes. 

risielef legkle. 

•eassaisasimmee 

I. 
s 
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Plug-in PRE-AMPLIFIERS 

Choice of 5 types for each chan-
nel. Matches sensitivity and re-
sponse requirements f om 50 m./ 
cm to 50 ” v/cm, dc ro 50 kc tc 
5 mc. Any combination of pre-
amplifiers may be used simultane-
ously on cll channels. 

4-channel, Model K-470 illustrated. 

THE WORLD'S MOST 

VERSATILE OSCILLOSCOPES! 

with Plug- ins for All Needed Ranges ... 

All Needed Features ... No Obsolescence. 

2- and 4-
Channel Types 

Models K-270 
and K-470... 

Display multiple, high-speed sig-
nals without switching. From DC 
to 5 megacycle bandwidths. 

Here is true multi-channel oscillography 
with features, performance, and prices "tail-
ored" to your exact needs. Versatile plug-in 
pre-amplifiers, sweeps, and marker-calibra-
tor circuits need be purchased only as you 
need them . . . when you need them. No 
worries of having "too much" scope now 
. . . not enough scope flexibility a few years 
later. 
From simple one-channel monitoring jobs 

to difficult medical, biophysical and low-
level strain gauge recording involving two, 

three or four channels, you'll find no jobs 
too small or few too large for these versa-
tile ETC instruments. 

Write for detailed specifications and prices. 

epee* Me 
CORPORATION 

1200 E. MERMAID LANE • PHILADELPHIA 18, PA. 

PIONEERS IN MULTI- GUN CR TUBES AND MULTI- CHANNEL OSCILLOGRAPHY. 
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COMPONENTS AND MATERIALS 

Electronic Tube Base Potting 
BY KENNETH L. ROHRER, 
Electronic Tube Division, 
Westinghouse Electric Corp., Elmira, New York 

ELECTRON TUBE performance at en-
vironmental extremes is only as 

good as the foundation itself, the 
base material. A base should have 
high electrical resistance, high elec-
trical strength, and high mechanical 
strength; it should be low in mois-
ture absorption and resistant to 
high and low temperatures as well. 
A number of base materials are 

satisfactory for potted tubes. For 
example, glazed ceramics and some 
conventional molded plastic base 
materials; nylon, diallyl phthalate, 
and nylon-filled diallyl phthalate. 
Although not evaluated, orlon and 
polypropylene should have merit. 

External leads of electronic tubes 
are protected by potting the volume 
surrounded by the molded base, 

glass stem, and glass exhaust tubu-
lation. The potted resin completely 
surrounds the fragile, thin-walled 
tubulation through which the tube 
is exhausted and sealed. 
When selecting and evaluating 

resins for base potting, the decision 
should be made to use either a flex-
ible resin system or a system to 
match, as nearly as possible, the 
coefficient of thermal expansion of 
the glass. Typical coefficients of 
glasses used for electronic tube en-
velopes range from 46 x 10 in/in/ 
deg C to 89 x 10-T in/in deg C. The 
former corresponds to a hard glass; 
the latter relates to a soft glass. A 
wide mismatch of thermal expan-
sions between glass and rigid plas-
tics will cause glass breakage dur-
ing temperature cycling. 
Many natural and synthetic resin-

ous materials have been evaluated 
to determine their suitability for 
base potting. They include epoxies 
and their modifications, epoxy-poly-
amide systems, castor-oil diso-
cyanate resin mixtures, THIOKOL 

rubbers, silicone rubbers, and cata-
lyzed tung-oil castor-oil mixtures. 
Of all the flexible resin systems 

evaluated, RTV silicone rubber has 
been found to be most satisfactory. 
Supplied as a two-component sys-
tem, RTV vulcanizes to a rubbery 

solid without pressure of tempera-
ture. In the cured state, it possesses 
unusually good electrical proper-
ties, resistance to moisture, and 
heat; it remains useful and flexible 
over a wide temperature range. Its 
published brittle point is about 
—100 F; the maximum serviceable 

temperature is 500 F. 
RTV lacks one physical property 

which prevents it from being the 
ideal potting resin for bases—that 
is adherence to plastics. Fortu-
nately, new and recent primers im-
prove adherence to these surfaces. 
Properly applied, attempts to pull 
cured wry from primed surfaces 
will cause cohesive failure in the 
rubber itself, leaving the rubber to 
primer and primer to base material 
bonds intact. 
To obtain adherence to plastics, 

it is necessary to remove the gloss 
and to roughen their surfaces be-
fore a primer is applied. Vapor 
blasting followed by degassing in 
trichlorethylene is a good prepara-
tory procedure. In every failure, 
the primer peels away from the 
plastic surface and adheres only to 
the cured RTV. Published linear 
shrinkage values range from 0.2 to 
1.1 percent after cure, depending 
upon the supplier. 
Major deficiencies in most semi-

flexible or flexible resins seem to be 
excessive moisture absorption and 
a severe increase in flexural mod-
ulus at extreme low temperatures. 
RTV is superior in both aspects. 

Frequently, moisture absorption 
and flexural modulus of a given 
resin system seem to be closely re-
lated. A decrease unfortunately, in 
flexural modulus usually will in-
crease a resin's ability to absorb 
moisture. Flexural modulus is in-
versely proportional to the amount 
of flexibilizer or modifier in a flex-
ible resin system. 

Inadequate adherence of RTV to 
unprimed plastic surfaces suggest 
two possible sources of trouble dur-
ing service of potted tubes: pene-
tration of moisture between non-

adherent silicone rubber and the 
plastic base to form an electrical 
leakage path between the base pins; 
and shrinkage of the rubber away 
from the base walls to provide a 
very small air gap which may ionize 
at high voltages and high altitudes. 
On the contrary, however, experi-

ence has shown that the presence of 
such a gap during humidity cycling 
has presented no problem during 
electrical leakage tests or during al-
titude tests using applied voltages 
of 2,800 y at a pressure of 2 inches 
of mercury. Higher voltages and al-
titudes may require use of an RTV 
primer. 

Although bases potted with sili-
cone rubber without benefit of a 
primer to promote adhesion have 
passed humidity cycling, it was 
thought that additional detterents 
to moisture penetration should be 
used. After potting, bases can be 
hermetically sealed by use of a lead-
foil tape with a pressure sensitive 
backing. Its rate of transmission 
of moisture vapor is 0.10 g per 100 
square inches per 24 hrs at 100 F. 
The tape is applied and formed to 
the outside diameter of both the 
plastic base and glass envelope, 
over the crevice between envelope 

and base. The W1-7198 makes use 
of such a tape. Finally, as an addi-
tional safeguard, the base, tape and 
glass area one-fourth of an inch 
above the tape are sprayed with a 
special epoxy-polyamide enamel de-
signed to resist deformation and 
cracking between —65 C to 100 C 
and deterioration during humidity 
cycling. 

Pressure filling methods have 
been found to be the most satis-
factory for obtaining completely 
filled, voidless potted bases. 

Inclusion of a magnetic shield in 
the design of the WL-7268 makes it 
necessary to pot, in addition to the 
base, the space between the metal 
shield and the glass envelope. Here 

the RTV cushions the glass envelope 
and shields against vibration dur-
ing airborne operation. To facili-
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ELECTRONICALLY speaking   

CUBIC DIGITAL SYSTEMS 
speak for 
themselves: 

DC VOLTAGE MEASUREMENT: Models V41, 
V51, with Control Unit C-1 

AC VOLTAGE MEASUREMENT: Models AC-1 
(manual ranging), AC-2 (Automatic) 
AC Converters 

RESISTANCE MEASUREMENT: Models 0-41, 
0-51 4 and 5-digit Ohmmeters, with 
Control Unit C-2 

VOLTAGE RATIO MEASUREMENT: Models 
R-41, R-51 Ratiometers, Models 
VR-41, VR-51 Volt-Ratiometers 

INPUT SAMPLING: Model MS-2 100-
point Scanners, Models MS- 1, AS- 1 
Master-Auxiliary 1000- point Scanning 
Systems 

DATA RECORDING: Model PC-Series 
Printer Controls for use with any 
quality printer on the market 

" 3 % 

Cubic Corporation manufactures the superior digital instrumentation, 

including the Voltmeter with these unparalleled electronic features: 

.003% repeatability, precise accuracy again and again 

.003% attenuator accuracy for wide-range precision 

.003% bridge linearity with carefully matched quality 
components 

PLUS maximum noise rejection with the finest input 

filter known ... and unmatched stability through 

superior noise rejection. 

The Cubic 4 and 5-digit Voltmeters are only two of the superior 

instruments in a line of digital instrumentation available on an off-

the-shelf basis for simple bench use or for easy development of 

sophisticated systems for measurement and recording. 

NEW FROM CUBIC... 
The Talking Meter, instrumentation 
that really does speak for itself, 
instrumentation that provides a new 
dimension in "readout," measurements 
or other parameters reported to the ear 
by a clear human voice. 

BIC CORPORATION 
INDUSTRIAL DIVISION 

5575 Kearny Villa Road, San Diego 11, California 

Electronic Engineering With a Dimension for the Future 

Years-ahead engineering, factory production 
techniques inspired by pride in the end re-
sult, careful quality control and reliability 
testing . . . all these factors make Cubic's 
the truly fine instrumentation . . . Digital 
Systems that speak for themselves. 
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Cross-sectional area of a potted 
base. The potted resin completely 
surrounds the fragile, thin-walled 
tubulation through which the tube 
is exhausted and sealed 

tate and speed the potting opera-
tion, and at the same time to 
provide a more resilient cushion, a 
thinned version of RTV is used. 
Thinned with 25 percent by weight 

of a high-dielectric silicone fluid, 
the cured resin shows no significant 
change in electrical properties and 
little change in other properties. 

Ceramic-to-Metal Bonds 

A NUMBER OF methods of metalliz-
ing ceramics for brazing into 
ceramic-metal assemblies have been 
devised. According to L. W. Cough-
anour of the General Electric 
Power Tube Department, Palo Alto, 
California, the two most widely 
used are probably the molybdenum-
manganese method developed by 
Nolte and Spurk, and the titanium 
hydride vacuum process of Bondley. 
Each method has its advantages, 
and each is capable of giving excel-
lent results when properly applied. 

Regardless of the method used, 
the formation of reliable, vacuum-
tight ceramic-metal seals depends 
upon a number of factors. Among 
these are: a good bond formation 
between the ceramic and the metal-
lizing material; proper design of 
the ceramic-metal subassembly, in-
cluding the choice of ceramic and 
metal members to give the best 
thermal expansion match possible; 
and sound brazing techniques in 
forming the subassembly. 
On cooling a brazed concentric 

SANGAMO ELECTRIC COMPANY 
Distributor Sales—Marion, Iltinois 

01) same day capacitor 
delivery fo OEM's with 

o OFF-THE-SHELF" new j I 

Distributor Service! 
Sangamo's Industrial Distributor policy offers you the fastest 

possible service when purchasing mica, paper, plastic film and 

electrolytic capacitors. Quick local delivery is assured because 

these Authorized Sangamo Industrial Distributors maintain a 

stock of commercial and military capacitors available for your 

emergency requirements at factory prices. Your order is filled as 

quickly as a capacitor can be 

taken off the shelf and delivered. 

Contact your Authorized Sangamo 

Industrial Distributor listed at 

right for the capacitors you need 

. . . when you need them 
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These qualified Sangamo Industrial 

Distributors will provide the capaci-

tors you need. 

ARIZONA 
Electronic Distributors Co., Phoenix 

ARKANSAS 
Lavender Distributing Corp., Texarkana 

CALIFORNIA 
California Electronic Supply Co., Los Angeles, 64 
Capacitors Inc., Los Angeles, 42 
Elmer Electronics, Oakland, 7 
Newark Electronics Co. Inc., Inglewood 
Radio Parts Co., San Diego 

COLORADO 
Denver Electronic Supply Co., Denver, 4 

D. C. 
Electronic Wholesalers, Inc., Washington, 1 

FLORIDA 
Electronic Supply Co., Melbourne 
Electronic Supply Co., Miami, 32 
Goddard Distributors Co., W. Palm Beach 

ILLINOIS 
Newark Electronics Corp., Chicago, 6 
United Television Co., Springfield 

INDIANA 
Graham Electronic Supply, Inc., Indianapolis, 4 
Ft. Wayne Electronic Supply Inc., Ft. Wayne, 1 
LaFayette Radio Supply, Inc., LaFayette 
Muncie Electronic Supply, Inc., Muncie 
Ohio Valley Sound, Evansville, 13 

KENTUCKY 
Lexington Electric Supply, Lexington 

LOUISIANA 
Electronic Parts Corp., New Orleans, 19 

MARYLAND 
D & H Distributing Co., Inc., Baltimore, 30 
wholesale Radio Parts Co., Inc., Baltimore, 1 

MASSACHUSETTS 
Avnet Electronics Corp., Waltham 
Linear Electronics Co., Waltham, 54 
Sager Electrical Supply Co., Boston, 7 

MINNESOTA 
Lew Bonn Co., Minneapolis, 3 

MISSOURI 
Jones Electronic Sales, Inc., Kansas City, II 

NEW JERSEY 
Atlas Electronics, Inc., Fords 
Eastern Radio Corp., Clifton 
Federated Purchaser Inc., Mountainside 
General Radio Supply Co., Camden 
State Electronic Parts Corp., Whippany 

NEW MEXICO 
Electronic Parts Co., Inc., Albuquerque 

NEW YORK 
Adirondack Electronics, Inc., Schenectady, 5 
Avnet Electronics Corp., Westbury, L. I. 
Boro Electronics Inc., Woodside, Queens 
H. L. Dalis, Inc., Long Island City, 6 
Electronics Center, Inc., New York, 11 
Harrison Radio Corp., New York, 17 
Higgins & Sheer Electronic Dist., Poughkeepsie 
Interstate Electronics, New York, 7 
Milo Electronics Corp., New York, 13 
Masline Electronics, Inc., Rochester, 4 
Quad Electronics, Inc., Brooklyn 
Radio Equipment Corp., Buffalo 
Syracuse Radio Supply, Syracuse 
Terminal Electronics, Inc., New York, 11 

OHIO 
Mainline-Cleveland, Inc., Cleveland, 14 
John A. Becker Co., Dayton, 2 

OREGON 
Eoff Electric Co, Portland, 9 

PENNSYLVANIA 
D & H Distributing Co., Inc., Harrisburg 
Herbach & Rademan Inc., Philadelphia, 7 
Philadelphia Electronics Co., Philadelphia 
Fred P. Pursell, Scranton 

TENNESSEE • 
Electra Distributing Co., Inc., Nashville, 4 

TEXAS 
Graybar Electric Co., Dallas, 1 
Harrison Equipment Co., Inc., Houston, 1 
C. C. McNichol, El Paso 

WASHINGTON 
Pacific Electronic Sales Co., Seattle, 1 

ceramic-metal seal, the joint will 
normally be in compression. If the 
assembly is heated, however, the 
differential expansion of the ce-
ramic and metal members may re-
sult in the generation of tensile 
stresses and shear stresses at the 
interface, with the tensile stresses 
being predominate. In a butt-type 
seal, shear stresses are more im-
portant on thermal cycling of the 
assembly. 

Ceramic Circuit Boards 

PRODUCTION of large ceramic pieces 
that serve as circuit boards could 
signify a major breakthrough in 
bringing the environmental specifi-
cations of printed circuits up to par 
with other electronic components. 
High alumina base and metal cir-
cuits of molybdenum and manga-
nese can be subjected to tempera-
tures in the 1,500 F to 2,000 F 
range. Mitronics, Inc., Hillside, 
N. J. feels that it has overcome the 
major obstacles in producing a ce-
ramic printed circuit of respectable 
size. Their marketing efforts have 
been limited to select conversations 
with principal electronics manufac-
turers, and until more specific re-
quirements are known, no general 
sales effort will be launched. 
The company has just completed 

a six months investigation and de-
velopment program which resulted 
in the production of ceramic bases 
for printed circuits that can be 
manufactured in mass production. 

Shaping Tungsten 

PURE TUNGSTEN can now be made 
into intricate shapes by special ma-
chining techniques. Parts can be 
fabricated to close tolerances with 
holes, threads, shoulders, tapers and 
other physical configurations. Melt-
ing point of this tungsten is over 
3,000 C. It is finding use as inserts, 
nozzles, electrodes, bolts, screws and 
throats. Porous tungsten of con-
trolled particle size and porosity 
can also be manufactured for filters 
and ion sources. Semicon of Cali-
fornia, Inc., Watsonville, California 
is thought to be the only processors 
of this tungsten of the West Coast. 

IF Q Orr s TO 

YOUR NEXT MOVE I  

PRECISION TUBING 

.010" O.D. to 1.125" O.D. 

Copper, Brass, Bronze 

UNSURPASSED QUALITY 

AT REGULAR MILL PRICES 

• Why play checkers jumping 
from one supplier to another for 
better "buys" and better quality? 
You'll find your ultimate answer 
in the temper, straightness, round-
ness and size tolerances of Preci-
sion Tubing. 

Precision Tubing is carefully 
tested and pre-tested in every step 
of production. Skilled craftsmen 
using modern drawing equipment 
and dies which are "quality-con-
trolled" in our own shop assure 
Nth degree accuracy in every foot 
of tubing drawn. Electronically 
controlled annealing produces tub-
ing to meet your most exacting 
specifications. 

Precision also makes round, rec-
tangular, Bourdon, oval or square, 
preformed to special shapes . . . 
in copper brass, aluminum, nickel 
and nickel-alloys, Ni-Span "C", 
phosphor-bronze and nickel silver. 

Let our engineers help you im-
prove quality and save money. 

Write for full details to 

PRECISION TUBE CO., INC. 
North Wahes, Pa. 

GET YOUR 

COPY OF 

TUBING 

CATALOG 

RECISION 
TUBE COMPANY 

SI PREC/ON-EERS OF SMALL TUBING 

r1-17 



PRODUCTION TECHNIQUES 

Control Makes Test Safe, Accurate 

By F. J. CLOUNIE, P. 

MANUALLY-OPERATED dielectric 
strength testers are hazardous to 
work with. The operator who places 
both hands on the tester risks high 
voltage grounding; consequently, 2 
operators are needed. Also, human 
errors occur when instantaneous 
meter readings are taken and the 
controls manipulated. 
To rectify these problems, an au-

tomatic control unit for such testers 
was developed. A single operator 
can safely and continuously make 
measurements over an extended 
period and while the components 
under test are operating in an en-
vironmental chamber. If plugs are 
used to disconnect the control unit, 
it can also be used for other appli-
cations requiring a variable voltage 
control over a fixed period of time. 

Testing is automatic except for 
initial pretest settings. The opera-
tor sets the maximum voltage de-
sired with the voltage arm ( Figs. 1 
and 2), which sets the high limit 
switch S,. He then adjusts or in-
serts the time delay desired, 
switches on the high voltage with 
S, (circuit breaker), depresses the 
start switch, S, and observes the 
test to completion. S. is a stop 
switch. 
To develop a dielectric strength 

tester that would have the needed 
capabilities, the following design 
objectives were established: low 
cost and portability; a high degree 
of accuracy, reliability and repeat-
ability; immediate visual indication 
of test progress and failure warn-
ing; manual override of the auto-
matic features, and elimination of 
physical contact between the op-
erator and equipment after a test 
was started. 
Low cost and portability were 

achieved by replacing the manual 
controls of an available tester with 
the automatic controls. The com-
pact new unit attaches directly to 
the original cabinet. 
The knob and scale were removed 

from the original tester's auto-
transformer. A calibrated dial disk, 

Compact control unit attached to 
tester mai-ntains set's portability 

The readout becomes more accu-
rate because of expanded scales, one 
for d-c reading and the other for 
a-c reading. The smallest readable 
increment on the original scale was 
200 v. With the expanded scales, 
readings of less than 50 y are accu-
rately obtained. The motorized gear 
drive provides a constant test volt-
age buildup which is repeatable 
within percent for successive 
tests. The voltage pointer indicates 
the maximum voltage obtained. 
Voltage is increased via the re-
versible motor. 

Immediate visual indications of 
test progress and failure warning 
are given by the maximum voltage 
indicating arm and a high-voltage 
indicating light. The operator over-
rides the automatic features after 
the start of any test by using S,. 
This switch immediately reverses 

DIELECTRIC TESTER 

1 0 K 

8013 LF7L....., 

VAR1AC 

4 3 SOCKET 

DELAY RELAY 
PLUG 6 2 ii5vAC 

-r-

M. DEGROAT and E. M. SZYMANSKI, 11;M lf,deral Systems Division, Owego, N. Y. 

gear train, reversible motor, ap-
propriate control stops and a read-
out indicating pointer were in-
stalled. The dial disk is calibrated 
to the same degree of accuracy as 
the voltmeter in the tester circuit. 

AUTOMATIC 
CONTROL UNIT 

MOTOR 
(REVERSING) 

/0.85 MFG 

FIG. 1—Complete wiring diagram of automatic control unit and typical 
test set 
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GENERATED BY THE NEW Am perex TYPE 7093 K- BAND MAGNETRON 

Illustration above is a 
direct line-conversion 
from an un retouched 
radarscope photo of 
Schiphol Airport, 
Amsterdam, 
Netherlands. 
Range- 1500 meters. 
1 jeep travelling down. 
runway at 55 mph. 

2 slow moving vehicles 
and people walking. 

CIRCLE 89 ON READER SERVICE CARD 

The 7093 permits the design of an extremely 
compact, short range radar system providing 
resolution of 4 meters at 1000 yards and a 
minimum range of only a few yards. 

NOTEWORTHY FEATURES OF THE AMPEREX TYPE 7093 

• Frequency Range: 34,512 - 35,208Mc. 
• Power Output: 25KW 
• Pulse Length: 0.02 microseconds 
• Rise Time: 600KV per microsecond 
• Weight: 4.2 lbs. 
• Cathode: Philips dispenser-type 
• Immediately available in production quantities. 

ask Amperex 
about microwave tubes for microwave applications 

AMPER'EX ELECTRONIC CORPORATION 
230 Duffy Avenue, Hicksville, Long Island, New York 



BEFORE YOU BUY 

PRECISION GEARS 

Strict adherence to all A.G.M.A. 

specifications 

All numbers of teeth available in aluminum 

and stainless steel 

Consecutive tooth sizes in all pitches 

Choice of four lit) bore sizes in flat gears 

at no cost 

Tapes supplied at no cost on all precision 

gears 
Blank configurations proportional to their 

diametral pitch 

Gears " Mylar" sealed on trays to protect 

the precision 

ONLY  

APPCO ewtiiped STOCK GEARS 
• 

OFFER ALL THESE FEATURES! 
14ie You get extra value in every APPCO Precision 

Gear. Extra value in the finest qualities not offered 
by other gear manufacturers. Compare them 
before you specify or buy! 

Every APPCO Gear is made to A.G.M.A. 
specifications. Held to tolerances. Certified to 
precision-fit shaftings, and components. Each gear is 
sealed in plastic to be free of dirt, dust or corrosion 
and assure its arrival at your plant " factory- fresh" 
ready to use on the most critical assemblies. 

APPCO Certified Precision Stock Gears are 
available in 32, 48, 64, 72, 96 and 120 diametral 
pitches of 14 1/2  and 20' pressure angles. Spur 
gears, pin or clamp type hubless and 
anti- backlash. For complete technical data and 
catalog write to... 

ATLAS PRECISION PRODUCTS COMPANY 
Division of Prudential Industries 

Philadelphia, Pa. 

APPC13 

the drive, thus returning the auto-

transformer to the zero position. 
S., reverses the control disk if a 

human error in the pretest settings 

is detected. S. must be manually 
turned to the off position during 
any change to the apparatus or in 
the settings. If breakdown of the 
test component does not occur be-
fore required voltage is reached, 

the test continues until the S, is 
actuated, starting the time delay. 

After the time delay, the drive 
mechanism reverses, returning the 
system to the starting point. If the 
sample breaks down before the re-

quired voltage is reached, current 
flows through the coil of RL„ clos-

ing the contacts which actuate RL,. 
This pulses RL, and releases the 
mechanical hold on RL:. This action 
opens the power to the high voltage 

section. When RL, pulses, it re-
verses the motor, causing the motor 
to drive to the off position. If RI, 
is inoperative, a slightly larger cur-
rent draw on a test-sample break-
down will cause the circuit breaker 

coil to kick out, shutting off the 
power to the high voltage section. 
As a safety feature, the test 

equipment interlock S„, the cabinet 
interlock S„ and the door interlock 

VOLTAGE 
BREAKDOWN 
SWITCH 

STOP 

HIGH-
LIMIT 
SWITCH 

DOOR 
INTERLOCK 
SWITCH 

MAXIMUM 
VOLTAGE 
ARM 

STOP ARM 

STOP 
SWITCH 

REVERSING 
SWITCH 

START 
SWITCH 

A-C 
SCALE 

REVER-
SIBLE 
MOTOR 

D-C 
SCALE 

LOCK 

MAXIMUM 
VOLTAGE 
TIMER 

FIG. 2—Outline drawing of control 
U nit 
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Closeup of control. Here, maximum 
voltage arm has contacted high 
limit awitch 

S. were added. Power is shut off 
if the test equipment or cabinet in-
terlocks are opened. 
Another safety feature is the 

modification of the high voltage 
lead. Previously, the hot lead and 
ground lead were separate, result-
ing in high voltage leakage through 
the insulation of the lead. This 
shock hazard was eliminated by 
using a coaxial cable to make a self-
contained grounded high voltage 
lead. High voltage is shielded to a 
few inches of the part tested. 
The control may be inserted in 

the circuitry of any commercially 
available high-potential tester. RL., 
has ben substituted for the connec-
tion between the circuit breaker 
and interlock switch of the tester. 
The only other change to the man-
ual tester is the tie-in of RL, via 
an octal socket to the 115 volt, a-c 
line of the tester. 

Protect Beryllium 
With Electroplate 
METHOD of protectively coating 
beryllium metal is described in a 
patent ( 2,901,408) assigned the 
Atomic Energy Commission, by 
R. G. Townsend. 
The steps in the process are: 

etching the metal in acid, briefly 
immersing the etched beryllium in 
a sodium zincate solution, immer-
sion in concentrated nitric acid, 
immersion in a second solution of 
sodium zincate, electroplating a 
thin layer of copper over the beryl-
lium, and finally electroplating a 
layer of chromium over the copper. 

NEW SOLID STATE 
FREQUENCY STANDARDS 
OUT- PERFORM MECHANICAL TYPES 

COST NO MORE! 

• New crystal controlled "L" models hold .025% to .005% 
tolerance at —55°C to + 100°C, over 25 to 31 Vdc input, 

5-2000 cps vibration at 15 g simultaneously. 

• Qualified to MIL E-5272 C. Usable for airborne systems, 

facsimile, yet competitively priced with same-applica-

tion mechanical types. 

• Outputs up to 50 milliwatts, sine or square wave. Dis-

tortion, less than 10%. Weight, less than 4.5 ounces. 

Dimensions, 11/2 "x 11/2 "x 21/4 ". 

Want to escape the price-versus-performance squeeze? Take your 

pick from a whole series of Model "L" Secondary Frequency Stand-

ards. These units are the first of their kind that offer space-saving 
design, improved performance and reliability without price penalty. 

Send for engineering data. Write or telephone for prompt appli-

cation assistance to Time Control Systems Division. 

317I 
4241 Fulton 

CLEVELAND 

ire,.9ndemiSnc. 
Parkway • Cleveland 9, Ohlo • SHadyside 9-0700 
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New On The Market 

Obit 

Tunnel Diode 

LOW INDUCTANCE AND RESISTANCE 

DEVELOPMENT of a technique for 
mounting a tunnel diode tab of tri-
angular shape by the Philco Corp., 
Lansdale Division, Lansdale, Pa. 
has resulted in a diode with a series 
inductance of one millimicrohenry 
and a series resistance of one ohm. 
Uniform peak current of one mil-

liampere plus or minus 2.5 percent 
with most units within one percent 
has been achieved. Peak to valley 
current ratios are 5 to 1 and 10 to 1. 

Typical performance shows peak 
voltage of 55 millivolts and valley 

Magnetic Tape Plotter 

FOR DIGITAL COMPUTERS 

PLOTTING digital computer results 
on an x-y recorder is accomplished 
by a new plotting system developed 

voltage of 320 millivolts. The di-
odes have a capacitance of 5 micro-
microfarad while their negative re-
sistance is 120 ohms. 
Measured oscillation frequency is 

over 1,500 Mc. The units are pack-
aged in a shortened, hermetically 
sealed transistor case with thin 
base and small alloy contact. 
The tunnel diodes are available 

in prototype quantities at $10.00 
each. 

CIRCLE 301 ON READER SERVICE CARD 

by F. L. Moseley Co., 409 Fair Oaks 
Ave., Pasadena, Calif. The type 575 
system includes digital tape trans-
port, magnetic tape translator, tape 
control unit, record-playback ampli-
fiers and an Autograf x-y recorder. 

Subroutines for data and com-
mands are recorded on tape at a 
computer tape speed of 75 or 112.5 
in. a second. Tapes are played back 
at 3 in. a second for plotting. 
The system's digital magnetic 

tape translator model 44 permits 
plotting continuous curves at up to 
4 in. a second when these curves are 
generated by a computer interpolat-
ing routine where the points de-
fining the curve are infinitesimally 
close together. When continuous 
curves are drawn, information 
changes 100 times a second. 

In point plotting, the speed is 100 
points a minute at in. spacing. 
Accuracy of the unit's digital-to-

analog conversion is better than 
plus or minus 0.1 percent of full 
scale. The translater is completely 
transistorized and features illumi-

nated visual display, automatic par-
ity checking and automatic search 
mode. 
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Thermistors in Diode Cans 

GOOD THERMAL CONTACT 

GOOD THERMAL contact with sink 
surfaces is assured with disk ther-
mistors packaged in diode cans. The 
thermistors are made by Fenwal 
Electronics, Inc., 51 Mellen St., 
Framingham, Mass. 
The disks are available in resist-

ance values from 5 to 11,000 ohms. 
Besides providing fast surface 

temperature sensing, the units can 

be mounted near transistors to com-
pensate for their thermal limita-
tions. 
The thermistor mount can be 

electrically and thermally insulated 
from the mounting surface and 
provide easy mechanical attachment 
for other applications. 
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Miniature Varactor Diodes 
UP TO 120,000 MC CUTOFF 

MINIATURE pill varactor diodes for 
use in traveling-wave broadband 
parametric amplifiers at frequen-
cies through X band are available 
in experimental quantities from 
Microwave Associates, Burlington, 
Mass. The diodes can be supplied 
with plus or minus 10 percent ca-
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new 
system 

for 
flight 
safety 

Uses Hughes TONOTRON tube to combine radar screen with pilot's field of view 
Aptly called the "Magic Window," this new pilot display system developed by 
Autonetics Division of North American Aviation, presents any luminous pattern 
produced by a Hughes TONOTRON* tube as an image painted in front of the 
pilot's normal view. Day or night, in any weather, the pilot can avoid obstacles, 
maintain atlitude, safely accomplish difficult landings. 

The grid shown is just one typical apprcation. Any radar mode—terrain, fire 
control, weather, etc.—can be projected on the " Magic Window." In the ground 
mapping mode, the TONOTRON tube provides high fidelity reproduction of any 
desired information with high picture brightness and controllable persistence. 

Hughes TONOTRON tubes are ideal for a wide range of applications including: 
Sector Scanning, " B" Scan Radar, Weather Radar Readout, Armament Control 
Radar, Plan Position Indicator information and Slow Scan TV. 

TONOTRON tube models are available for your use in sizes of 3, 4, 5, 7, 10 and 21 
inches—with electrostatic or electromagnetic deflection. 

For detailed information and application data on TONOTRON tubes, write or wire: 
HUGHES, Vacuum Tube Products Division, 2020 Short Street, Oceanside, Calif. 
For export information, write: Hughes International, Culver City, Calif. 

TRICHRO1C COLLIMATING WINDOW 

WHITE 
LIGHT 
FROM 

OUTSIDE 

525mo 

BAND 

••.„..525rnu BAND 
-̀ 1,1/4FROM CRT 

WHITE LIGHT / 
MINUS 

GREEN BAND / 

HUGHES 
TONOTRON TUBE 

PILOTS EYE RECEIVES 
COMBINED VIEW OF 
FIELD AHEAD AND 

/ PROJECTED IMAGE 

A narrow band of light in the green spectrum is pre-
vented from coming through the "Magic Window." 
The TONOTRON tube projects a green pattern back 
onto the screen to form the image. 

Creating a new world with ELECTRONICS 

HUGHES 

NUONYS AITCRAFT COMP•NY 

VACUUM TUBE PRODUCTS DIVISION 
TYRA', ***** OF NUGIITS AIRCRAFT COMPANY 
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pacitance tolerance. 
The firm is offering a series of 

five diodes with outside dimensions 
of A by A in. The units have mini-
mum cutoff frequencies ranging 
from 30 to 120 Gc. 
The pill varactors have ceramic 

to metal seals to insure ruggedness. 
The package shunt capacitance is 
approximately 0.2 p.ef. Series lead 
inductance is approximately 0.8 x 
10-" henry. 

Stray susceptance is kept to a 
minimum by close tolerances main-

tained in fabrication. As a high-
frequency harmonic generator, 
power outputs up to 20 milliwatts 
are reported in tripling X-band 
power to the 35 Ge region. 
The diodes are being used as 

high-efficiency subharmonic gener-
ators in microwave computers. 
Other uses are as low-loss r-f 
switches in resonant cavities at 
microwave frequencies and for dop-
pler radar sideband modulators 
through 16 Gc. 
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Electrostatic Storage Tube 

21-IN. DIAMETER; 9H IN. OVERALL 

NARROW-BANDWIDTH video trans-
missions at radio frequencies, tele-
phone line transmissions, equip-
ment monitoring and freezing of 
transients are applications for a 
new small electrostatic storage tube 
developed by Allen B. Du Mont Lab-
oratories, Inc., 750 Bloomfield Ave., 
Clifton, N. J. 
The tube measures 21 in. in di-

ameter and 9l in. overall. It uses 
a conventional 14-pin base. The tube 
is designed for direct viewing. 

Connections to the target assem-
bly, collimator and screen are made 
through recessed contacts on the 
tube body. The tube uses two glass 
rodded guns. 

Art 

....,>t,7:7;e1 9-710', 

e 

40 -"mow toe, 

Multiheaded Transistors 

TWO OR MORE IN A CAN 

ANOTHER approach to subminia-
turizing transistor circuits is the 

The write gun is a high-current, 
high-velocity electrostatically fo-
cused and deflected type. The modu-
lated beam writes information onto 
the storage target. 
The view gun is a high-current, 

low-velocity type producing a flood 
of electrons that transfers stored 
information onto a storage screen 
for viewing. 

Writing speed as high as 100,000 
in. per second and a resolution of 
50 lines per in. are attainable. Stor-
age time is of the order of two min-
utes, erase time of 50 milliseconds 
and brightness level of 3,000 ft 
lamberts at 8 Kv. 
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use of multiheaded transistors. The 
units are being made by Electronic 
Transistors Corp., 9226 Hudson 
Blvd, North Bergen, N. J. 
A multiheaded transistor com-

bines two or more currently used 
types in the same can. This combi-
nation is said not to cause interfer-
ence. The individual transistors 
have no contact with each other in 
the can. 

Combinations of transistors in-
clude pnp, npn, audio, amplifier, 
computer, converter, general pur-

pose, high frequency, low fre-
quency, intermediate frequency, low 
noise, matched pair, medium fre-
quency, mixer, oscillator, radio fre-
quency, subminiature and switch-
ing. 
The units are priced 25 percent 

less than the combined prices of the 
individual units. 
The following types are immedi-

ately available in combinations of 
two in a JEDEC 30 package: 2N428 
switching; 2N404 switching and 
computer; 2N43 audio; 2N302 high 
frequency ; 2N482, 2N483 and 
2N484 high-frequency entertain-
ment types and 2N1372 and 2N1374 
general purpose transistors. 
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Depth Sounder Transducer 

FOR SMALL BOAT USE 

BUSINESS END of small boat depth 
sounders may be the new transducer 
DS-1 developed by Clevite Elec-
tronic Components division of Clev-
ite Corp., 3405 Perkins Ave., Cleve-
land, O. 
The unit radiates in a conical pat-

tern. It measures 1 by 3 by 4.13 in. 
and is made of shatterproof mate-
rial. The transducer is mounted on 
a 5 in. long i-16 threaded shank 
and terminates in a 15-ft cable. 

Capacitance is 2,300 micromicro-
farad; receiving sensitivity minus 
85 db against 1 volt per microbar 
pressure; transmitting sensitivity 
is plus 90 db against 1 mierobar per 
yard per watt; beam width is 10 db 
down at 16 deg; impedance is 340 
ohms (90 — j 330) ; and frequency 
is 195 Kc. 
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Furnace 

FOR WIRE TREATMENT 

MATERIALS FOR ELECTRONICS, INC., 
152-25 138th Ave., Jamaica 34, 
N. Y., has available a furnace for 
annealing and straightening in pro-
tected atmosphere of molybdenum, 
tungsten, gallium (or any other 
rare metals) wires for which a very 
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for 
noise 
levels of 
less than 

Characteristics: 
Cut-off Frequency g3KMC at zero bias 30-70KMC 
Capacity at zero bias  0.8 to 1.5ppf 
Working Voltage g 10pA  3.5 to 5.5 

Lead Inductance g2KMC  3.5rnoh 

9KMC limpedatice-nortralizecl 

at zero bias as 'a function . , 
s, of voltage,," 

--- .:--" : , ....\ . . . 

Hughes S and X Band Parametric Amplifier Diodes 
Hughes has designed parametric amplifier diodes that can give you noise levels of less 
than 2 db at X band using double sideband operation. In addition to low noise, these 
HUGHES ° diodes also offer a number of other advantages. First, their high cutoff frequency 
means that you can obtain higher amplification and higher harmonic generation. Their 
ceramic package reduces stray capacitance and makes for more dependable performance 
levels. 

With these characteristics, Hughes S and X Band Parametric Amplifier Diodes are ideally 
suited to the following applications: radar preamplifiers, frequency converters, phase 
shifters and harmonic and subharmonic generators. 

For additional information, please write: Hughes, Semiconductor Division, Marketing Dept., 
Newport Beach, California. For export write: Hughes International, Culver City 5, California. 

Creating a new world with ELECTRONICS 

HUGHES 

1.1.11" AIRCRAFT COMPANY 

SEMICONDUCTOR DIVISION 
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WHY YOU SHOULD 

PROGRAM 
OUR 

TESTING 
THIS BETTER WAY 

WITH EECo's UNIQUE 

80- BIT BI-DIRECTIONAL 

PUNCHED TAPE PROGRAMMER 

For automatic programming of 

test equipment, the EECo TP-201 A offers 

these decisive advantages over stepping 

switches or single-line 8-bit programmers: 

(a) Far more elaborate programs can be automated...up to 

240,000 bits per reel, presented at 80 bits per step. (b) Random 

or sequential access to any of the 3000 frames on each 250-foot 

tape. (e) Provision for visual selection of program step. (Printed 

information on tape correlates with punched information). 

(d) Reduced training time and skill requirements for tape punch 

personnel. (e) Programs can be stored and re-used. (f) Small 

size panel is 6"x11 3/4," depth below panel 53/4'.' 

Tough Mylar tape contributes to improved reliability. No special 

punch needed. Bi-directional electrical drive system. Positive 

detent action for accurate positioning of tape. 

Other models available for automatic programming, process con-

trol, and precision time base programming. Write for data sheet. 

\ 
••••••••• 4 

0 Anaheim Electronics Division 

Electronic Engineering Company of California 
1601 East Chestnut Ave.. Santa Ana, Calif.• Kimberly 7-5501 • TWX: SANA 5263 

MISSILE & AIRCRAFT RANGE INSTRUMENTATION • DIGITAL DATA PROCESSING SYSTEMS 

EE 0.8 COMPUTER LANGUAGE TRANSLATORS • SPECIAL. ELECTRONIC EQUIPMENT 

accurate and uniform wire treat-
ment is justified. The apparatus 
can easily handle molybdenum 
wires of diameter 0.0012 in. to 
0.0079 in., tungsten wires 0.0008 
in. and up, gallium wires 0.0016 in. 
and up. The furnace, which can be 
opened instantaneously to change 
the resistances or to pass wire, is 
tight and can be cooled by water. 
The control panel permits the easy 
control of protecting gas, cooling 
water, wire speed and facilitates 
the reading of meters. The equip-
ment is easy to use and one oper-
ator can control six to eight ma-
chines. 
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Ferrite Isolators 
8,200-12,400 MC 

DEMORNAY-BONARDI, 780 S. Arroyo 
Parkway, Pasadena, Calif. New 
ferrite isolator is designed for high 
performance over the entire wave-
guide frequency range of 8,200 to 
12,400 Mc. Insertion loss is 1.0 db 
maximum, with a minimum of 30 
db isolation. Vswr is 1.15 maximum 
in either direction. Designed with a 
short insertion length of 5„ in., the 
unit is equipped with RG-52/U size 
waveguide, and UG-291U flanges. 
Price is $225. 
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Voltage Standard 
STABLE, ACCURATE 

SENSITIVE RESEARCH INSTRUMENT 
CORP., 310 Main St., New Rochelle, 
N. Y. Model STV is a reference 
source for use with null balance 

devices such as potentiometers and 
other infinite impedance compa-
rators. It is 0.01 percent accurate, 

0.005 percent stable. Accuracy is 
not affected by vibration from 
transportation, extremes of tem-
perature or operating position. 
While the unit is essentially a zero 
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50 YEARS IN A CLIP JOINT 

MAKE ONE FINE CATALOG! 
Oa% 

Recently, Mueller Electric Com-

pany celebrated its 50th Anni-

versary. Our sole product is the 

electric clip.., the best 

tool in the world for 

quick test connections. 

Our latest clip catalog is 

jam-packed with the fruit 

of these 50 years work. 

The right test clip for every 

electrical maintenance job 

can save more work and 

more time than you think! 

Write factory today for 

FREE COPY OF LATEST 

CATALOG... FREE SAMPLE 

OF "MINI-GATOR" CLIP ILLUSTRATION 
1/2  ACTUAL SIZE 

A Company With A Tradition... And A Future 
• 

I582H EAST 31st STREET • CLEVELAND 14, OHIO 
CIRCLE 201 ON READER SERVICE CARD 

NEW CURVE TRACER with Tube Adapter 
,Tf"-M'>•etI,MSW 

Transistors 

Tetrode Transistors 

Diodes 

Vacuum Tubes 

30-Amps Continuous 

50-Amps Intermittent 

50 Watts Dissipatio 

For complete information 

write for bulletin ! f-r108. 

OTHER FUSE POSTS 
MAY LOOK LIKE THESE... 

BUT ONLY LITTELFUSE HAS 1)1)(,)* 
A Fuse Post to meet every application— every requirement. 

D 

E 

EXTRACTING FUSE POST! Fuse is held in end of 
removable knob for quick, safe and easy replace-
ment of blown fuse. Safe " dead front" fuse 
mountings assured. U/L Approved. 

A-3AG Fuse Post (finger operated knob)— 
No. 342001 

A-8AG Fuse Post (finger operated knob) — 
No. 372001 

B-3AG Fuse Post (Screwdriver Slot)— 
No. 341001 

B-8AG Fuse Post (Screwdriver Slot)— 
No. 371001 

C-4AG Fuse Post (Finger Operated Knob)— 
No. 442001 

D-3AG Miniature Fuse Post (Finger Operated) 
—No. 342012 

E—NEW INDICATING 3AG FUSE POSTS! 
(344,000 series) It Glows When The Fuse Blows. 
Long life incandescent bulb for low voltage ranges 
—2 -7V; 7-16V; 16-32V. New high degree vacuum 
neon lamp for high voltage ranges for greater 
brilliance and visibility-90-125V; 200-250V. 
WATERTIGHT FUSE POSTS Specially designed for 
use where excessive moisture is a problem. 
F-5AG Watertight Fuse Post. Has flange mount-

ing.—No. 571004. 
G-3AG Watertight Fuse Post—No. 342006 
G-4AG Watertight Fuse Post—No. 442006 

For complete details on these items and quotations 
on special application requirements, write to: 

*Precision Engineering 
Design Know-how 
Quality Craftsmanship 

LITTELFUSE 
DES PLAINES, ILLINOIS 

CIRCLE 202 ON READER SERVICE CARD 
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The Application of 

DATA PROCESSING 

TECHNIQUES 

• • • to reduce man hours and increase production, in 
industrial and commercial operations, is a familiar problem 
to Anelexo Systems Division engineers. 

This group has worked together for almost ten years, using 
digital techniques in the development of logical solutions 
to special problems of control, timing and data handling. 
They arc also experienced in the development of specialized 
tracking, timing, communications and test systems for 
military applications. 

Finished equipment required for these systems is produced 
by the Anelex manufacturing facility under direct 
supervision of the engineering group. This division is 
staffed by technicians and skilled craftsmen who have 
specialized in the production of unusual and sophisticated 
data processing equipment. 

We will be glad to tell you frankly and promptly whether 
your particular requirement is within the capabilities of 
our Systems Division. Just write or telephone. 

for further information, write or telephone 

AN ELEX CORPORATION 
1.50-F CAUSEWAY ST., BOSTON 14, MASS. 

current drain instrument, it can be 
operated without damage into any 
impedance. It can be short cir-
cuited indefinitely without affect-
ing accuracy or life expectancy and 
it will almost instantaneously re-
gain its original open circuit volt-
age when the short is removed. In-
put of the type A is 90-135 v, 60 cps, 
25 va. 
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Oscillators 
LOW DISTORTION 

BURR-BROWN RESEARCH CORP., Box 
6444, Tucson, Ariz. Transistorized, 
self-powered, and compact, the mod-
els 210 and 211 oscillators offer the 
user a reliable and isolated source 
of high purity sine waves. Line 
transients and ground loops are 
eliminated. Unusually low har-
monic distortion is achieved by the 
use of high gain d-c operational 
amplifiers in a Wien bridge circuit. 
The d-c amplifier also permits 
tuning to very low frequencies. 
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D-C Amplifier 
LOW-LEVEL 

MAGNETIC RESEARCH CORP., 3160 
W. El Segunda Blvd., Hawthorne, 
Calif., announces two new minia-
ture low-level d-c signal amplifiers. 
Model 10-108-2 is designed to oper-
ate from 115 y 400 cycle power and 
model 12-105-0 is designed for 28 
d-c power. Both are ideally suited 

for temperature and strain meas-
urements in industrial, military, 
and medical applications. Designed 
to accept an input signal in the mv 
range, the units produce an output 
signal ranging from 0 to 5 y d-c 
for use in telemetering, instrumen-
tation and recording systems. Con-
struction features reliable trans-
former type magnetic elements, 
which provide a high degree of iso-
lation between the input and output 
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Newihs  Processes Improve Instrument Sensewe 

In delicately- precise ,nstrumentation, parts must react 
to relatively small rotive forces. Here . . . bearing 
torque is the highly critical factor. Separator selection, 
bearing finish and clinically clean assembly areas are 
extremely important. 

Its here that New Departure is setting new industry 
standards! Special dies and in- process gouging of 
separators assure ball retention with improved torque 
and vibraticn characteristics. In addition, new N.D. 
honing processes and Talyrond gauging deliver uniform 
accuracy to millionths of an inch. Moreover, having 
originated the first bearing industry "white room, 
followed by continuous experience, New Departure's 

re4.61 W 
NIIN I ATLI 112 EE. 

THOR 
MACE 
TITAN 
HP:V/K 
ATLAS 
SNARK 
NIKE B 
BOMARC 

NIKE ZEUS 
eARROW I 
SPARROW II 
SPARROW III 

NIKE HERCULES 
SIDEWINDER 
REGULUS II 
VANGUARD 
PERSHING 
BULL PUP 
POLARIS 
CORVUS 
FALCON 

present day, modern assembly areas approach 
fantastic levels of cleanliness. 

An everyday example of N.D.'s contribution to improved 
instrument sensitivity can be found in the Smithsonian 
Institution- selected Micro Cocks. These vitally important 
instruments are accurately tracking both U.S. and 
foreign satellite movements in time determinations of 
1 milli-second . . . and better! 

For new performance and reliability in your precision 
instruments, ask your N.D. Miniature/Instrument Bearing 
Specialist to sit in on early design level discussions. For 
further information call or write Department L.S., New 
Departure Division, General Motors Corp., Bristol, Conn. 

RUNIENT BALI- BEARINGS 

proved reliability you can build around 
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Shown above are Huggins TWT's producing a power output 
range within ± 1 DB over an input range of —40 to +5 
DBM. 

This pair of X-Band, light weight, PPM focused tubes is only 
one example of our ability to furnish TWT's to almost any 
specifications. 

Please send for Engineering Note No. 6: "Cascading TWT's." 

o‘e 
monuloctute 
development 
enctmeennel 
desalt. 

1_,A.BOR.A_TORIS INC. teseorch 

LABCAte° 999 East Argues Avenue Sunnyvale, California REgent 6-9330 
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• • . Electrical Coil Windings 
... WIRE SIZES # 6 TO # 56 

For 43 Years . . . specializing in all types of coils to customers' 

specifications. Design or engineering assistance available on 

request. 

COTO-COIL CO., INC 
SINCE 1917 

65 Pavilion Avenue Providence 5, Rhode Island 

• 
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NEW IDEAS FOR SALE! 

FIND WHAT 

Words and pictures tell you about the top new 
product ideas each week in "On the Market". 
Who makes 'em and what they'll do for you. 
Easy way to keep in touch with the latest 
and best. 
Another reason why it will pay you to sub-

scribe to electronics (or renew your subscrip-
tion) right now. Fill in the box on Reader 

YOU NEED IN... Service Card. Easy to use. Postage free. 

electronics 

and results in high common mode 
rejection. All components are com-
pletely encapsulated and both 
models will successfully withstand 
applicable portions of MIL-E-
5272A. 
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Trimmer Pot 
SUBMINIATURE 

ATOHM ELECTRONICS, 7648 San 
Fernando Road, Sun Valley, Calif. 
The W-51 subminiature trimmer po-
tentiometer, for virtually all general 
purpose applications, has a stand-
ard range of resistance from 10 
ohms through 100,000 ohms, with 
tolerance ± 10 percent. These units, 
having 0.750 in. mounting hole 
centers, are available with 12 in. 
flexible insulated wire leads (W-
51-F), solder lugs ( W-51-L), end 
mounted printed circuit pins (W-
51-P11. 
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Capacitors 
FEED-THROUGH 

HOPKINS ENGINEERING CO., 12900 
Foothill Blvd., San Fernando, 
Calif., announces a complete line of 
miniature feed-through capacitors 
for use in radio interference sup-
pression. Attenuation characteris-
tics are excellent—the reactance 
closely matches the curve of a per-
fect capacitor through all frequen-
cies up to 1,000 Mc. The units 
transmit through shields, bulk-
heads, or other ground potentials, 
and at the same time by-pass un-
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keep an 
accurate 
graphic 
record 

OF RESEARCH, DESIGN, 

TEST DATA 

two channels 

For General Purpose 

DC Recording — Model 320 

For recording two variables 
simultaneously, the Model 320 

provides a versatile, 
transistorized amplifier for each 

input signal. The rugged 2-
channel recorder assembly has 

heated stylus recording on 
two 50 mm wide rectangular 

coordinate channels, 4 
pushbutton chart speeds, and 

6 inches of visible chart. 
The Recorder can be placed 

vertically, horizontally 

or at a 20° angle. 

MODEL 320 SPECIFICATIONS 

Sensitivity: 0.5, 1, 2, 5, 10, 20 mv/mm and 
v/cm 

Frequency Response: 3 db down at 125 cps, 
10 mm peak- to- peak 

Common Mode Voltage: 500 volts max. 
Common Mode Rejection: 140 db min. DC 
Calibration: 10 my internal * 1% 
Output Connectors for each channel accept ex-

ternal monitoring ' scope or meter 
Price: $ 1495 

NEW SANBORN PORTABLE DIRECT WRITING RECORDERS 

FOR IN- PLANT, LABORATORY OR FIELD RECORDING 

Two models of this 21 lb. brief case 
size recorder are available — Model 301 
for AC strain gage recording, Model 299 
for general purpose DC recording. Both 
provide immediately visible, inkless 
traces by heated stylus on 40 division 
rectangular coordinate charts... 
frequency response to 100 cps .. . 5 and 
50 min/sec chart speeds .. . approx. 
4 inches of record visible in top 
panel window. 

single channel 
MODEL 301 SPECIFICATIONS 

the amplifier section of the Model 301 is an all-
transistorized carrier type with phase sensitive 
demodulator. The power supply and internal 
oscillator circuits are also transistorized. 
Sensitivity: 10 uy rms/div ( from transducer) 
Attenuator Ratios: 2, 5, 10, 20, 50, 100, 200 
Carrier Frequency: 2400 cps internal 
Transducer Impedance: 100 ohms min. 
Calibration: 40 uv/volt of excitation 
Output Connector: for external monitoring 

'scope or meter 
Price: $ 750 

All prices are F. O. B. Waltham, Mass., within continental U.S.A. 
and are subject to change without notice. 

Contact your Sanborn Sales-Engineering representative for complete information, or write 
the main office in Waltham. Sales-Engineering representatives are located in principal cities 

throughout the United States, Canada and foreign countries. 

MODEL 299 SPECIFICATIONS 
Combines the dependability of transistors with 
the high input impedance of vacuum tubes for 
reliable broad- band DC recording. 
Sensitivity: 10, 20, 50, 100, 200, 500 mv/div 
and 1, 2, 5 and 10 v/cliv 

Input Resistance: 5 megohms balanced each 
side to ground 

Common Mode Voltage: * 2.5 volts max. at 10 
my ' div sensitivity increasing to *500 volts 
max, at other sensitivities 

Common Mode Rejection: 50:1 most sensitive 
range 

Calibration: 0.2 volt internal 1% 
Output Connector: for external monitoring 

'scope or meter 
Price: Model 299 (with zero suppression) $ 700 

Model 299A ( without zero suppression) 
$650 

SANBORN etg, COMPANY 
INDUSTRIAL DIVISION 

175 Wyman Street, Waltham 54, Mass. 
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practical answers to your marking problems 

This 12-page booklet explains how the electrical or electronic product you 

make can be marked — at production speeds — with clear imprints that 

hold. Are you looking for a way to mark odd shapes — a practical short-run 

marking method — an ink that will hold on an unusual surface, or withstand 

temperature, handling, moisture or other conditions? This catalog describes 

machines, printing elements and inks that will meet your requirements in the 

marking of products ranging from subminiature components to panels and 

chassis. There are special sections with practical answers to color banding, 

Underwriters' Laboratories manifest label legend marking, tape and label 

printing, wire and tube marking, efficient "in-line" marking. For your copy 

of the Markem Electrical Catalog, write Markem Machine Co., Electrical 

Division, Keene 5, New Hampshire. 

MA ARICEM 
EVERYTHING INDUSTRY NEEDS FOR PROFITABLE MARKING SINCE 1911 

desirable frequencies. They have 
wide applications in radar, commu-
nications, and other electrical and 
electronic installations. The capaci-
tors are hermetically sealed in non-
magnetic tubular cases with glass-
to-metal end seals. 
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Power Supply 
FOR NOISE DIODES 

DEMORNAY-BONARDI, 780 S. Arroyo 
Parkway, Pasadena, Calif. The DB-
2140 is designed to furnish starting 
and operating currents to a variety 
of gas-discharge noise diodes. Unit 
is equipped with a milliammeter 
which is connected to the heater 
circuit during the starting period, 
and to the anode circuit during the 
normal operating period. The meter 
provides continuous indication of 
beam current during operation. 
Beam current is heavily filtered for 
low ripple output. Unit features in-
dependent adjustment of heater 
current and beam current to accom-
modate different tube ratings— 
each adjustment being indicated by 
the panel meter. Both beam current 
capacity and heater current ca-
pacity are 400 ma. 
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Transducers 
ANGULAR POSITION 

BALDWIN-LIMA-HAMILTON CORP., 

42 Fourth Ave., Waltham 54, Mass. 
Designed to provide continuous and 
accurate measurement of angular 
displacement, this small, light-
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MM-1 MEDALIST* meter 

PI NO THE PUTURE 

H 

advancement 
in instrument 

design 

DIRECT CURRENT 

ACTUAL 
SIZE 

Today's most readable, modern minia-
ture meter. Shielded — no e•ror from 
magnetic panels. Rugged Marion Coax-
ial mechanism. Max. weight 1.6 oz. In 
all standard ranges, various colors. 
Single hole mounting. Data on request. 
Marion Instrument Division, Minneapolis. 
Honeywell Regulator Co., Manchester, 
New Hampshire, U.S.A. In Canada, 
Honeywell Controls Limited, Toronto 
17, Ontario. 

Honeywell 
-fiz4.tut.cmest, 

..... • 

CIRCLE 203 ON READER SERVICE CARD 

AVON 
GEARS 

• "Specific" for electronic 
equipment, control com-
ponents, small tools, 
motors, and UNCOM-
PROMISING SPECS. 

• Exacting tolerances held 
. . . from commercial 
grade to ultra precision. 

• Generated in wide range of steels, 
non-ferrous metals, and non-metal-
lic materials. 

• Capacity range: 12 to 200 d.p., 
and maximum O.D. of 71/2". 

for Commercial 
and Precision` 
Applications 

Make AVON Your "Gear Department" 
Avon is completely tooled to follow your specifications precisely, 

and to produce the very best precision or commercial grade Fine 
Pitch gears for your specific needs. At Avon you can get one gear 
. . . or a million of ALL types, ALL classes, from ALL materials. 

Avon has a modern complement of the finest inspection equip-
ment procurable . . . truly a setup tuned to the exacting tempo 
of the "Space Age." Your gear fortnula is followed with the utmost 
care. Result: Accurate assembly of your most critical units! 

Avon's fifty years aggregate gear engineering experience guar-
antees an end product exactly as specified. We will be glad to 
work with you on any development project requiring Fine Pitch 
gearing . . . for ether commercial or precision applications. You 

can depend on AVON. Send drawings or descriptions for free 
estimates. 

PRODUCTION • EXPERIMENTAL • CONSULTING 
SPECIAL 

Internal, external, hel-
ical gear tooth grind-
ing: also shaved tooth 
gears and sub assem• 
lilies. 
2009 RICE STREET • 

AVON GEAR AND 
ENGINEERING CO. 

MELROSE PARK (Chicago Suburb), ILLINOIS 

PRICES 

HAVE 

DROPPED! 
on low voltage transistor 
regulated power supplies 

• for critical commercial and 
military applications 

• full five year warranty includes 
all components 

• guaranteed to meet published 
specs. 

• short circuit protected 

• fit standard 19" rack 

Specifications Model 
PS4305 

Model 
PS4315 

Model 
PS4330 

Voltage Range (VDC) 0-36 0-36 0-36 

Currert Range (Amps) 0-5 0-15 0-30 

Regulation Against 
.±- 10% Line change 

0 to full load 

'025% 

.05% 

.025% 

.05% 

.025% 

.05% 

Impedance (Ohms) DC to 100KC .1 .02 .02 

Ripple (RMS) in Millivolts 1 1 1 

Panel Height 51/4 " 51/4 " 83/4 " 

Price: $545 $890 $1190 

Write for complete specifications 

POWER SOURCES 

BY 

POWER SOURCES, INC. 
Burlington, Massachusetts 
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D- C AMPLIFIER EVALUATION number 1 in a series 

AMPLIFIER NOISE 

Accuracy is the basic objective 
in amplifier selection. When 

evaluating amplifiers for specific 
applications all errors must be con-
sidered. One such error, the noise 
level, determines the ultimate ac-
curacy of the amplifier since the 
smallest observable signal cannot be 
less than the noise level. However, 
noise outside the frequency response 
range of the amplifier load can be 
filtered out or ignored with such 
read-out devices as galvanometer 
oscillographs. 

Noise in an amplifier is any volt-
age component appearing at the out-
put that has no counterpart in the 
input signal. Usually only the a-c 
component of the output is termed 
noise. The d-c component is called 
zero drift and its evaluation will be 
covered in another of this series. 

Internally generated a-c compo-
nents must be evaluated as to ampli-
tude and frequency range. Noise 
may be divided into two general 
classes and measured as described 
below. (a) Random voltages of a 
broad band nature arising from 
thermal agitation in resistors and 
random tube or transistor noise . . . 
measurements on a peak-to-peak 
basis are often 10 times or more 
larger than the measured rms value 
over the same frequency band. 
(b) Narrow band voltages induced 
within the amplifier by line voltage 
or chopper excitation.. . these volt-
ages are generally sinusoidal so that 
peak-to-peak values are only about 
2.8 times larger than the measured 
rms values. 

Testing amplifiers for noise 

If the input signal is zero, any 
‘oltage components detected at the 

amplifier output can be identified as 
noise. A standard technique for 
measuring noise is shown. 

The oscilloscope measures the 
peak-to-peak values, the VTVM in 
rms values. Equivalent input noise 
(eq. in) is the measured noise 
divided by the amplifier gain. For 
details write for Bulletin BE AN121. 

Noise less than 0.03% 

With a full scale input range of 
30 mv, Honeywell's AccuData II 
Amplifier has a wide band (0-100 
KC) noise specification of 8 kw 
(eq. in) and a peak-to-peak noise 
over a 0-10 cps band of 8 µAi (eq. in) 
... less than 0.03% of full scale! 

MV 
INPUT 
POP 
2v 

OUTPUT 

o 

The AccuData II, a wide band 
differential input d-c amplifier with 
all transistor design, is especially 
useful for driving analog-to-digital 
converters, f-m magnetic tape sys-
tems and high speed oscillographs 
where low level signals such as ther-
mocouple, strain gage and similar 
transducer outputs are to be accu-
rately measured. Write for Bulletin 
BS DISA-1000 to Minneapolis-
Honeywell, Boston Division, Dept. 
7, 40 Life Street, Boston 35, Mass. 

Honeywell 
H i -TiZt ¡Adt,Ceie&t 
00•1.1l1 SINCE, 

weight unit has primary test ap-
plication in servo systems on air-
craft control surfaces, valve posi-
tioners, and radar scanners of 
limited travel. The internal ele-
ment of the device is a high 
strength metal beam, onto which 
are bonded special SR-4 strain 
gages. The gages are electrically 
connected to form a balanced 
Wheatstone bridge. A constant 
voltage is applied across opposite 
corners of the bridge such that a 
change in angular displacement of 
the transducer's input shaft, 
changes the resistance of the gages 
and will produce a change in output 
voltage. This change in output volt-
age is measured by an indicator or 
recorder which can be calibrated in 
appropriate angular units. Trans-
ducers are available in three stand-
ard capacities, offering useful 
ranges of -±-30 -±-20 and ±-60 deg. 
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P-C Connectors 
FOR 3/32 IN. BOARDS 

PRECISION CONNECTORS INC., P. 0. 
Box 96, Mineola, L. I., N. Y. Series 
093 p-c connectors for ..31 in. boards, 
feature Tri-Spring contacts, a new 
triple independent leaf spring ac-
tion contact that firmly grips the 
p-c board over the entire contact 
area, assuring greater reliability, 
accepts maximum board toler-
ance variation with uniformly dis-
tributed contact pressure. Coined 
wiper spring provides positive re-
dundant wiping action over entire 
contact surface, helper spring 
maintains uniform pressure over 
full length of contact, back spring 
insures contact wiping pressure im-
mediately upon insertion of board. 
Scoring or other similar damage is 
eliminated. Contacts follow board 
displacement, prevent discontinu-
ity caused by vibration or motion 
of the board. Contacts are self-
aligning to residual warpage along 
the length of the board. Units are 

104 CIRCLE 104 ON READER SERVICE CARD MAY 6, 1960 • electronics 



PROVEN, DEPENDABLE ... REAR-PROJECTPON TYPE 

DE111111111] 
0 lik A Model and Size For Your Every 

Requirement 

DIGITAL DISPLAYS 

Series 1 O000 
Series 1 20000 

OUTSTANDING FEATURES 

• All digits displayed on front viewing screen 
• All digits uniform in size and intensity 
• High-contrast viewing screen 
• Digit style of your choice 
• Colored digits of your choice 
• Individual units may be group assembled 

for panel mounting 

WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS 
Representatives in principal rihes 

Series 80ooe 
 PRICES - 
Series 10000 
19/16" wide 
21/2 " high 
55/8" long 

;18.00 each 

Series 80000 
31/4" wide 
51/4" high 

11 15/i," long 
;33.00 each 

Series 120000 
1" vviclo 
lye high 
37/e" long 
;35.00 each 

Quantity Prices 
On Request 

íI1í1 INDUSTRIAL ELECTRONIC ENGINEERS, INC. 5528 Vineland Avenue, INIor .h Hollywood, Cal'forma 

CIRCLE 205 ON READER SERVICE CARD 

WEDGE LOCK BAND CLAMP... 
once locked, it's got to be cut loose! Really 
nent! Solid nylon. One size 
for diameters %" to 13/4". 

Separate Mounting Tab 
...use only where and when 
needed. Can be pre-mounted 
for simplified planning. 
Solid nylon. 

perma-

**, 
Try them...write for samples, prices, full information. 

See Us At Booth 1124 Design Engineering Show—New York 

eCONIIPANIr 
5701 Northwest Highway Chicago 46, III . 

CIRCLE 206 ON READER SERVIICE CARD 

electronics • MAY 6, 1960 

here's a complete 
element of your 
block diagram... 
now available! 

RPM* 
*REGULATED POWER MODULE 

All design, development and production work has 
been completed for you in these RPM power 
modules. Buy them as catalog items, and get 
these advantages: 

16 standard models- 125 to 425 volts...50 to 400 milli-
amps, plus 30 standard modifications with extended voltage 
and current ranges. 

Excellent regulation - 0.05% NL to FL, or 10% line change. 

Compactness - RPM units are custom desgined and built 
with our own transformers for most efficient use of space. 

Super-rugged construction includes one-piece, cast alumi-
num housings and MIL hardware. RPM modules cal be 
mounted in any position. 

High reliability- achieved by use of top quality components 
throughout, and iigid inspection during production. 

All standard models or modifications thereof can 
be furnished to meet MIL-E-16400B. 

Request ACDC Bulletin 400-A. 

420CC ID CC ELECTRONICS, INC. 

Ne" 2979 N. Ontario St., Burbank, Calif. 

Ir(' 
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The temperature of things is so impor-

tant to some people that a few degrees 

one way or another is a calamity: it has 

to be plus or minus a few tenths of a de-

gree, or else. This group includes Deutsche 

beer drinkers, those who watch over crys-

tal oscillator ovens, certain environmental 

test boxes, delay lines, and the Miami* 

tourist trade. To them, we offer a solution. 

It's a Sigma Magnetic Amplifier Relay, 

one-half of a resistance bridge, and a 

built-in DC power supply— all neatly 

packaged and ready to go as soon as a 

thermistor and reference resistor are con-

nected to complete the bridge. In opera-

tion, a temperature change unbalances the 

*In South Braintree, the temperature today is 270°K. 

bridge, energizing the relay through the 

magnetic amplifier. What you do with the 

relay output — for corrective action or 

indication—is up to you. (The contacts 

are SPDT and available for switching I 

amp. or 5 amp. loads.) 

The reason you supply the thermistor 

is that you know how much mounting 

space there is, what temperature range 

has to be monitored, and how much power 

the thermistor can safely dissipate. The 

woods are full of thermistor suppliers and 

the "Series 8000 Thermistor Temperature 

Control" Bulletin contains a useful guide 

to thermistor selection. 

Compared to other ways you could de-

tect and do something useful with changes 

as small as 0.1 °C, this device is guaranteed 

free of locking contacts, delicate mecha-

nisms and other life-shortening elements. 

It also provides resettable control, as well 

as accurate "remote" control even when 

fairly long leads from the thermistor are 

used. 

Since this temperature control is about 

83% magnetic amplifier, this seems like a 

good place to give a plug to Sigma Mag-

netic Amplifier devices in general. We can 
sell you regular and souped-up 60 cycle 

models, and have in development a 400 

cycle type in a hermetically sealed case. All 

are rugged, microwatt-sensitive switches 

particularly useful as current, voltage or 

resistance comparators for monitoring or 

controlling light intensity, radiation level, 

pressure, vacuum, line voltage, etc. Bulle. 

tins on any are available on request, 

SIGMA 
SIGMA INSTRUMENTS, INC. 

62 Pearl Street, So. Braintree 85, Mass. 

An Affiliate of The Fisher•Pierce Co. (since 1939) 

offered in over 90 sizes and mount-

ing styles adaptable for every ap-
plication. 
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Power Rectifiers 
SILICON TYPES 

VICKERS INC., 1815 Locust St., St. 
Louis 3, Mo. Types EA and DA 
silicon power rectifiers are 18 and 
35 amperes respectively. They are 
available with piv ratings from 50 
to 600 v, and feature excellent in-

verse characteristics at all tempera-
tures, and high reliability and uni-
formity. 
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MESA 

/ MEADER 

StLeoN WAFER 
SUPPORT 
POST 

ASS INSULATOR 

Mesa Transistors 
DIFFUSED SILICON 

NATIONAL SEMICONDUCTOR CORP., 

Sugar Hollow Road ( Route No. 7), 
Danbury, Conn., is producing two 

new types of high quality, tightly 
controlled npn transistors. The 
NS200 is for switching applications 
in computer circuitry, and the 
NS300, for h-f amplification in 
video amplifiers, i-f strips, tele-
metering and other applications. 
Output capacitance of both is 5 1.4. 
Leakage current at 150 C is 3 µa 
for the NS200, 5 p.a for the NS300. 
Guaranteed minimum gain-band-
width product for both is 200 Mc. 
Collector saturation resistance of 
the NS200 is 35 ohms; of the 
NS300, 40 ohms. Beta linearity is 
excellent over a wide range of col-
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PRECISION ILLUMINATION WITH A.C.M.I. MINIATURE LAMPS 

NODDED TYPE L.Amps 

CHECKER 

e s 
f 

ofe 
„ee 

P.D .C.MS 

IteSIV Mete5 
911111111111111.1111M 

STEREO LEVEL INDICATOR 

PLASTIC EDGEWISE METER 

ASTIC 
EWISE METER 

PLASTIC PANF METER 

Around 
the world it's KEW 

KYORITSU ELECTRICAL INST. WORKS, LTD. 
...NO. 120, Nakane-cho, Meguro-ku, Tokyo, Japan. 

Cable Address • KYORITSUKEIKI TOKYO " 

All A.C.M.I. miniature lamps are made 
to the most meticulous standards of 
physical dimension and candlepower, 
and can be relied on for excellent 
illumination and reliable service. 

Miniature lamps are available in sizes 
from . 036" to 1.125" in diameter and 
in voltages from 1.5 volts to 48 volts. 

We invite inquiries for all types of 
miniature lamps. You can be sure of 
precision illumination with A.C.M.I. 
miniature lamps. 

AlaitY1/1 eystoseye 
Producers of the world's smallest miniature lamps 

8 PELHAM PARKWAY 
PELHAM MANOR, N. Y. 
FREDERICK J. WALLACE, President 

el" "eiee, 
CIRCLE 207 ON READER SERVICE CARD 

-------

Over 2400 
7 manufacturing concerns 

are now operating in ) 
- ,  Metropolitan 

Miami! 

Electronics, aircraft and missile 
manufacturers can be sure of supple-
mentary and sub-contracting facilities 
in this growth area. This, combined 
with a huge supply of skilled labor, 
can mean a profitable plant location 
for your firm. 

SEND FOR 300 PAGE SURVEY OF 
THIS DYNAMIC AREA 

This important study will be 
mailed to you, in strictest confi-
dence, if you write, on your letter-
head, to the address listed below. 

Richard Y. Welsh, Director 

Dade County Development Department 

345 Northeast Second Avenue 
Miami 32, Florida 

An Agency of Ihe Metropolitan Miami Government 
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Assuring Accuracy in 
Analyzing Molten Metals 

Another of Innumerable Applications of 

SPECIAL TIMERS 
by STANDARD 

W hat's your special timing requirement? For precise time 

measurements in specialized electronic instruments, as on this 

Direct Reading Spectrometer (product of Baird-Atomic, Inc.) where 

Standard timers are used in the readout to indicate per cent con-

centration of elements in molten metal? Or for accurate control 

and test timing—as with many manufacturers in the electronics 

and missiles fields? 
Whatever your needs, STANDARD has the experience and facili-

ties to develop the timer suited to your circumstances. (Accuracies 

to ± .001 seconds available in standard models.) Write today out-

lining your requirements. 

Request Catalog No. 198A covering the full line 
of STANDARD Precision Timers ... portable 
or panel mounted. 

lenje..14 

THE STANDARD 

ELECTRIC TIME COMPANY 

89 LOGAN STREET • SPRINGFIELD, MASSACHUSETTS 

W-ib:/_29- _rivAl Ptecirely 

lector current. Beta fall-out from 1 
to 100 ma is less than 35 percent of 
peak value. 
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Helix Antennas 
EXTENDED LINE 

TECHNICAL APPLIANCE CORP., Sher-
borne, N. Y., announces a greatly 
extended line of antennas and 
matching reflectors of the helix 
configuration. Current models in-
clude 4, 6, 8, and 10 turn types, of 

various sizes. Complete units, with 
reflectors, are made in single, 
dual and quadruple assemblies for 
mounting on manual or mechanized 
mounts. The helix antennas and ar-
rays are available in all popular 
communications and telemetering 

frequency ranges. Polarization is 
circular, making them ideal for 
orbital body telemetering, or other 
airborne communications. 
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Welding Tweezers 
MINIATURE DEVICES 

PACIFIC SCIENTIFIC INSTRUMENTS 

LABORATORY, P. 0. Box 25115, Los 
Angeles 25, Calif Model WT-101 
welding tweezer is capable of per-
forming delicate and precise weld-
ing operations in areas not acces-
sible by standard welding tech-
niques. Unit features continuously 

adjustable pressure from 8 oz to 2 
lb, detachable tips, excellent repeat-
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General Motors pledges 

AC QUESTMANSHIP 
11•1111•11111111111111111 

AC Seeks and Solves the Significant— Because of GM's large contribution in the international race 

for technological superiority, AC accepts a challenge. AC Research is on a scientific quest for solutions 

to significant problems ... for accomplishments even more advanced than AChiever inertial guidance 

for Titan. / We call this creative challenge ... AC QUESTMANSHIP. It's an exciting quest for new ideas, 

components and systems ... to advance AC's many projects in guidance, navigation, control and detec-

tion. / Right now Dr. Joseph F. Shea, AC's Director of Advanced Systems Research and Development, 

is drawing a group of competent men around him to build "the greatest R & D organization in the 

industry." And Dr. Shea adds strong support to the fact that AC offers "an excellent working atmos-

phere for a scientist or engineer who wishes to produce and progress." / You may qualify for our 

specially selected staff... if you have a B.S., M.S. or Ph.D. in the electronics, electrical or mechanical 

fields, plus related experience. If you are a " seeker and solver," write the Director of Scientific and 

Professional Employment, Mr. Robert Allen, Oak Creek Plant, 7929 So. Howell Ave., Milwaukee, Wisc. 

GUIDANCE/ NAVIGATION/ CONTROL/ DETECTION/AC Spark Plug 41 THE ELECTRONICS DIVISION OF GENERAL MOTORS 
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TOWER FOOTING 
INSULATORS FOR 
SELF-SUPPORTING 

RADIATORS 

LAPP 

ANTENNA TOWER 

INSULATORS 

and supported 

insulator units 

MAST BASE 
INSULATORS RADIO GUY 

INSULATOR 

We at Lapp are mighty 

proud of our record in the 

field of tower insulators. 

Over 30 years ago, the first 

insulated broadcasting tower 

was erected—on Lapp insu-

lators. Since then, most of the 

large radio towers in the 

world have been insulated 

by Lapp insulators. Single base 

for structures of this type have 

been design-tested to over 3,500,000 pounds. 

A thorough knowledge of the properties of por-

celain, of insulator mechanics and electrical qual-

ities has been responsible for Lapp's success in 

becoming such an important source of radio in-

sulators. Write for description and specification 

data on units for any antenna structure insulating 

requirement. Lapp Insulator Co., Inc., Radio Spe-

cialties Division, 166 Sumner Street, LeRoy, N. Y. 

Lapp 

ability and a variety of tips that 
permit the welding of many metals, 
from aluminum to precious alloys. 
It is applicable to the welding of 
thermocouples and strain gages, 
honeycomb and metal sandwich 
structures, high temperature elec-
tronic assemblies and the welding 

of components designed for ex-
tremely high shock and vibration. 

CIRCLE 321 ON READER SERVICE CARD 

I VI 
Tube Shield 
ZINC-PLATED 

THE STAYER CO., INC., 45 N. Saxon 
Ave., Bay Shore, L. I., N. Y. Zinc-

plated Mini-Shield is finished in 
black for better heat dissipation. 
It increases the reliability and pro-
longs the life of miniature 7 and 
9-pin electron tubes by as much as 

5 times because of its heat dissipat-
ing qualities, reducing heat by as 
much as 5 C. It holds any minia-
ture tube firmly in its socket with a 
grip that actually tightens against 
any force that tends to loosen the 
tube. A vertical seam automatically 
adjusts to proper tube diameter 
and four serrations on the base clip 
prongs compensate for tube length 
variations. 

CIRCLE 322 ON READER SERVICE CARD 

Power Supply 
TRANSISTORIZED 

MID-EASTERN ELECTRONICS, INC., 32 
Commerce St., Springfield, N. J. 
Model 163 transistorized power sup-
ply is designed for high power out-
put in a compact package. Dual out-
puts provide 6 y d-c at 30 amperes, 
and 18 y d-c at 30 amperes. Sup-
ply is line regulated, accurate to 

110 CIRCLE 110 ON READER SERVICE CARD MAY 6, 1960 • electronics 
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Honeycomb, a critical assembly device, is one of 
many research tools developed through the coopera-
tion of Los Alamos scientists and engineers to enhance 
the Laboratory's constant quest for knowledge. 

For employment 
information write: 
Personnel Director 

Division 60-43 

los.... alamos 
• scientific ialcratory 

C/ UNIV(1,1” OF CAll/C1.1111 

• • LOS ,J,MOS. NEW MEXICO 

±0.5 percent. Tap switches on the 
front panel permit the output to be 
regulated accurately to compensate 
for changes in load. Ripple is 5.0 
percent maximum. Input voltage is 
105-125 y a-c, 60 cps, single phase. 
Unit mounts in a standard 19-in. 
relay rack and the front panel meas-
ures 10 in. high. 

CIRCLE 323 ON READER SERVICE CARD 

Silicon Rectifier 

DOUBLE DIFFUSED 

SYNTRON Co., 241 Lexington Ave., 
Homer City, Pa. Style 33 silicon 
power rectifier is a double diffused 
diode rated at 30 amperes average 
at 25 C ambient on a 5 in. by 5 in. 
by -11.; in. copper heat sink. Peak in-
verse voltages range from 50 to 600 

v, in 50 y steps. A typical forward 
dynamic resistance of 0.0035 ohm 

is achieved through conductivity 
modulation. 

CIRCLE 324 ON READER SERVICE CARD 

Tunnel Diodes 

SILICON TYPE 

HOFFMAN ELECTRONICS CORP., 1001 
Arden Drive, El Monte, Calif. has 
available silicon tunnel diodes de-
signed to operate from —85 C to 
+200C. They have applications in 
digital pulse circuits, gating, mem-
ory matrices, negative resistance 
amplifiers, and microwave oscil-
lators. Units exhibit extreme re-
sistance to nuclear radiation, a fre-
quency handling capability in the 

1,000 Mc range, and low power con-
sumption. Differences in types 

112 MAY 6, 1960 • electronics 



HT-1 through HT-10 are peak cur-
rent and negative resistance. Typi-
cal negative resistance is 220 down 
to 39 ohms. Peak voltage is 65 my 
and valley voltage is 420 mv at peak 
currents ranging from 1.0 to 5.6 
ma. Minimum peak-to-valley ratio 
is 3.5:1. 

CIRCLE 325 ON READER SERVICE CARD 
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Precision Resistors 

WIRE WOUND 

DMETER MFG. CO., INC., 68 N. 
Broadway, Yonkers, N. Y., ziti-
nounces mini-miniature and printed 
circuit encapsulated precision wire 
wound resistors. Temperature: 

0.002 percent per deg C over the 
range of — 65 C to 125 C. Wire 
terminals are 11 in. long heavily 
tinned copper wire. Tolerances: 
0.05, 0.1, 0.5, 1 percent depending 
upon resistor style. 

CIRCLE 326 ON READER SERVICE CARD 

e t ; 

Spring Clips 

IN CHAIN FORM 

MALCO MFG. CO., 4025 W. Lake St., 
Chicago 24, Ill. New spring clips 
for attaching shielding cans to p-c 
boards easily, quickly and economi-
cally are now available in conven-
ient chain form on reels for rapid 
machine application. This eliminates 
handling of loose clips, saving as-
sembly time and cutting production 
costs. Made of 0.016-in. pretinned 

Looking for a plant site?... 

Here's 24,000 square miles 
in sharp focus! 

fjP .5"te-iginficii gives you a detailed look 
at plant locations in Pennsylvania and New Jersey. 

GPU Site-Service offers you one central source for complete infor-
mation on selected locations in this area. A letter or a phone call, 
listing your requirements, will promptly bring pictures, plans and 

specifications as well as detailed reports on transportation facilities, 
utilities, water, labor, taxes and other services. Many communities 
have an available building or an industrial park, some offer com-

plete financing or lease-back plans. Let GPU Site-Service help you 
get a close-up view of availabilities in this prime industrial area. 
This service is entirely without charge, and your request for infor-
mation will be kept strictly confidential. 

Metropolitan Edison Co. 
Pennsylvania Electric Co. 

New Jersey Power & Light Co. 
Jersey Central Power & Light Co. 

°ens. 

ttEre • 
0.1 Cleodisskl• s •lieres 
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GENERAL PUBLIC UTILITIES 

CORPORATION 
Air: Wm J. Jamieson, Area Development Director, Dept. E-5 

67 Bric,ad St., New York 4, N. Y. WHitehall 3-5600 
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OF YOUR SMALL METAL PARTS 
WELDING PROBLEMS 

5400 Pigtails Assembled and Welded per Hour! 

PROBLEM: join copper pigtails to brass resistor caps at highest possible 
rate, lowest possible cost, and with maximum production efficiency. The 
method previously used was mechanical staking which resulted in inferior 
joining. 

SOLUTION: a Raytheon Welding Analyst recommended — and Raytheon 
designed and built — a fully automated precision welding system. 

RESULT: pigtails welded at the rate of 5400 per hour, with consistently 
excellent electrical, electromechanical and en-
vironmental characteristics. 

HOW YOU CAN BENEFIT: 

If you have a small metal parts joining problem, 
see your Raytheon Welding Analyst. He will be 
happy to help you—without cost or obligation. Mail 
the coupon below for full details. 

MAIL THIS 

COUPON 

FOR FREE 

ANALYSIS 
—without 

cost or 

obligation. 

Excellence in Electronics 

TO: RAYTHEON COMPANY 

COMMERCIAL APPARATUS AND SYSTEMS DIVISION 

MANCHESTER, NEW HAMPSHIRE 

(:) Please send me literature on Raytheon Welding 
Systems. 

El Please have a Raytheon Welding Analyst contact me. 

My problem is: (describe metals, thicknesses, type of 
part, etc.) 

NAME__ 

COMPANY 

ADDRESS  

CITY   STATi 

11.• 

brass, the clips can be applied to 
any shape or size of can in a con-
figuration compatible with p-c 
boards. Skilled labor is not re-

quired. Clips are fed, cut off and 
dimpled onto the can in one opera-
tion. They can be attached four 
clips per can at rates up to 500 cans 
per h r. 

CIRCLE 327 ON READER SERVICE CARD 

Silicon Rectifiers 
FLANGELESS CASE 

MOTOROLA INC., SeMiCOridLICLOP 

Products Division, 5005 E. Mc-

Dowell Road, Phoenix, Ariz. A line 
of 750 ma silicon rectifiers fea-
turing a new flangeless case 
(maximum diameter 0.28 in.) are 
designed to simplify manual con-
nection to terminal strips as well 
as automatic insertion into p-c 
boards. Designed for operation at 
temperatures ranging from — 65 C 
to 175 C, they are especially suit-
able for use in power supply 
equipment, both military and com-
mercial, computers, magnetic ampli-
fiers, and communication equipment. 
They have very low reverse cur-
rents at high temperatures, feature 
a 30 ampere surge-current rating, 
are available for piv's from 100 to 
600 V. 

CIRCLE 328 ON READER SERVICE CARD 

Silicon Diodes 
REGULATOR/REFERENCE 

TEXAS INSTRUMENTS INC., Semicon-
ductor-Components Division, P. O. 
Box 312, Dallas, Texas. The 
USN 1N1816 series includes 42 
standard types of silicon power 
regulator diodes with voltage 
ranges from 10 y to 150 y ± 5 per-
cent, and dissipates 10 w at 50 C. 
The USN 1N746 glass reference 
diode series includes 14 standard 
types of silicon reference diodes 
with voltage ranges from 3.3 y to 

114 CIRCLE 114 ON READER SERVICE CARD 
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12 y -± 5 percent, and dissipates 
400 mw at 25 C. Both types meet 

MIL-E-1/1258 (Navy) and/or MIL-
E-1 '1259 ( Navy ). 

CIRCLE 329 ON READER SERVICE CARD 

1 

Resistors 
CARBON FILM 

MEPCO, INC., Morristown, N. J., an-
nounces a new design in carbon 
film resistors to meet the environ-
ments required by Military Speci-
fication MIL-R-10509C Character-
istic B. Due to a dry air space 
between the epoxy tube and the 
resistive element in this resistor, 

moisture which might be absorbed 
during extended storage periods 
under high humidity conditions, is 
prevented from being transmitted 
to the carbon 

CIRCLE 330 ON READER SERVICE CARD 

Pressure Transducer 
WEIGHS 6 OZ 

SERVONIC INSTRUMENTS, INC., 640 
Terminal Way, Costa Mesa, Calif. 
The H-143 high pressure transducer 
features all-welded construction, 
high vibration performance, and is 
available in a variety of pressure 
fittings and electrical connections. 

It meets a total dynamic error band 
of ±2 percent which includes line-
arity, hysteresis, resolution, static 
friction, temperatures between —65 
and 320 deg and sinusoidal vibra-
tion of 20 g (50-20,000 cps) with 
simultaneous Gaussian random vi-
bration of 0.6 g' per cps. Instru-
ment measures 24 in. by 1 in. and 

In portable d-c am-
plifiers, the advan-
tages of low level 
operation plus a 94 
cycle chopping rate 
are now available, 
using a 12, or 24 
volt battery as 
the chopper drive 
source. 

Write for 
Catalog 554. 

In transistorized d-c am-

plifie-s, the use of a d-c 

driven Chopper instead 

of the usual a-c drive, 

removes an additional 

source of stray a-c signals 

from the critical chassis 

wiring. The 94 cycle chop-

ping rate also eliminates 

the null off- sets resulting 

from the use of a 60 cycle 

chopping rate. 

STEVENS 
INCORPORATED 

ARNOLD 
QUALITY SINCE 1943 

7 ELKINS ST ., SOUTH BOSTON 27, MASS. 

s/A-20- ,i3 
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ELECTRONIC 

HIGH-VACUUM 

PUMPS 
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500 

1000 

THE KEY TO A TRULY CLEAN VACUUM, 
without fluids or other contaminants, is an 
UlteVac electronic pump. Can operate 
unattended for months or years on a sealed 
system; requires no traps, baffles, or 
refrigeration. Maintains vacuums of 10-9mm 
Hg and below; power failure does not harm 
system since it is sealed after UlteVac 
starts. Serves as its own vacuum gauge. 
Operates in any position; no hot filaments, 
no cooling water. 

Series 110 
1 I sec. 

Series 327 • 270 I/sec. 

ULTEK CORPORATION, only manufacturer 
devoted exclusively to ion pump technology, 
offers stock pumps 1 to 1000 liters/second 
capacity, plus sorption pumps, foreline 
traps, and SealVac fittings which provide 
easy-connecting rotatable flanges. Ultek 
invites comparison of product, service, and 
delivery time, on either standard or modified 
pumps and accessories. Literature on re-
quest—specify application. 

Contact ULTEK, or its exclusive 
representative, Kinney Mfg. Div. of 
The New York Air Brake Co. Sales 
offices in major U.S. cities. 

GROWTH OPPORTUNITIES 
for Engineers, Physicists 

ULTEK 
CORP 

920-E Commercial St • Palo Alto, Cali . DA 14117 

is available in pressure ranges be-
tween 1,000 and 5,000 psi. 

CIRCLE 331 ON READER SERVICE CARD 

Reference Elements 
STABLE AND RUGGED 

INTERNATIONAL RECTIFIER CORP., 

1521 E. Grand Ave., El Segundo, 
Calif. Silicon Zener voltage refer-
ence elements conforming to MIL-
E-1/1060 ( Navy) are now avail-

able. The USN-1N430 will provide 
a reference voltage of 8.4 I/ ( aver-
age) at 10 ma bias current and a 
dynamic resistance of 11 ohms 
(average). Units will provide a sta-
bility of -±- 16 mv or better over a 
temperature range from — 55 C to 
± 100 C, with temperature coeffi-
cients of Lt- 0.002 percent per deg C. 
Also available, but not covered by 
individual military specifications 
are the 1N430A and 1N430B refer-
ence elements, selected to tighter 
temperature coefficient tolerances 
and higher operating temperature 
ranges than the USN-1N430. 

CIRCLE 332 ON READER SERVICE CARD 

c\te.i> 11140e;. 

Desk-Top Computer 
FOR QUALITY CONTROL 

BOONSHAFT AND FUCHS INC., Hat-
boro Industrial Park, Hatboro, Pa. 
This desk top computer gives an 
instantaneous solution to statistical 
quality control problems. The raw 
numerical information is fed into 

3„ 11„oved 
111i,,iatti re 

LATCH -IN 

RELAY 

Made of two miniature telephone type re-
lays mounted on a common base. The relay 
armatures are mechanically interlocked — 
when one is energized and pulls in it resets 
(releases) the other armature and becomes 
latched-in. 

Aside from the interlocking armature and 
common mounting each relay is complete — 
the two relays can be furnished with en-
tirely different contact arrangements and 
for operation from different voltages or 
currents. 

The Class IIL Latch-in Relay is available 
for intermittent or continuous duty D.C. 
operation and for intermittent duty A.C. 
operation. 

Also available for plug-in mountill2 

and with dust-tight or hermetically sealed 
enclosure. 

Send for catalog describing the 
Class 111 and the complete line 
of reliable Magnecraft Relays. 

MAGNECRAFT 
Electric Company 
3350 B W. Grand, Chicago 51, III. 
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the computer by means of a conven-
tional keyboard. Mean value and 
standard deviations are immedi-
ately indicated on a large panel 
meter. Accuracy is better than 2 
percent. Construction features in-
clude all-trani•-ztorized circuitry. 

CIRCLE 333 ON READER SERVICE CARD 

Power Regulators 
SILICON ZENER 

HOFFMAN ELECTRONICS CORP., 1001 
Arden Drive, El Monte, Calif. The 
39 units making up the 50-w silicon 
Zener power regulator line range in 
voltage from 10 to 200 v. Desig-
nated as types 50H1OZ through 
50H200Z, the units operate at test 
currents ranging from 1,200 down 
to 65 ma, depending on voltage. 
Standard tolerance of the series is 
-±20 percent, although units with 
-±10 percent tolerance also are be-
ing made available throughout the 
entire line. In addition, units with 
±-5 percent tolerance may be ob-
tained in voltages between 10 and 
75. 

CIRCLE 334 ON READER SERVICE CARD 

D-C Power Supply 
RUGGEDLY BUILT 

SPELLMAN HIGH VOLTAGE Co., 3029 
Webster Ave., Bronx 67, N. Y. 
Model 2045 is a ruggedly built r-f 
type d-c power supply used for ca-
pacitor charging, electrostatic paint 
spraying, insulation testing and 
electrostatic flocking, etc. Also used 
for spot knocking by tv tube manu-
facturers. Available with either 
positive or negative 40 Kv output. 
Voltage range is approximately 12 
to above 45 Kv. Variance in volt-
age is controlled through a knob 
on the front panel. Size is 19 in. 
wide by 121 in. high by 13 in. deep. 
Price is $165 net; with h-v meter 
on front panel, $215 net. 

CIRCLE 335 ON READER SERVICE CARD 

SMALL WIRE 

tineuat a difficult engineering no  

probiems roe/ be sOtved, at times, 

y ng 
sile or 

b multiple electro-

ptoting cyt small v•iires • .. A, v4ide 

variety of metals is availobte, 

both os the core wire and os the 

plate. luiries invited• ng  

SIN(( 1901 

Write for list of Products. 

SIGMUND COHN NIFG CO.,INC. 
121 SOUTH COLUMBUS AVENUE, MOUNT VERNON, N. Y 

CIRCLE 210 ON READER SERVICE CARD 

Super-Temp 

FOR WIDEST VARIETY OF 

SPOOLY 

CABLES 

Any high temperature cable the 
customer wants ... using Teflon*, 
silicone rubber, nylon or PVC. You 
design it or we'll help you. Same 
fast delivery. 

Coaxial Cables, Miniature & Jumbo Cables 
Magnet Wire, Airframe Wire, Hook-up Wire 

Teflon or Silicone Rubber Insulations 

* D_ s TF E REG, 

Saverme--Supe-Telif 
American Super-Temperature Wires, Inc. • 

8 W. Coral Street, Winooski, Vermont • UNiversity 2-9636 
Gomm' Sales Office: 195 Nassau St., Princton, N. J. • WAInut 4-4450 

A Subsidiary of Have° Industries, Inc., Wilmington. Del • 

Free! Send for 1960 
Catalog. 88 pages of 
valuable data. 
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AIRCRAFT TYPE 

TERMINAL BOARDS 

New series of Molded Terminal 
Boards available in three basic 
types—AN, NAS and MS. Special 
compoundings, backing strips and 
hardware on request. 

Gen- Pro Aircraft Type Terminal 

Boards — soon available through 

distributors. Sales and service reps 

in key U. S. cities. Fast delivery. 

WRITE NOW FOR FURTHER DETAILS 

ALL TYPES 

FROM ONE SOJRCE 

Gen-Pro's expanded line enables 

you to order all types of Termi-

nal Boards from c single source; 

standard military, commercial, and 

others for special applications. 

GENERAL PRODUCTS CORPORATION 
Over 25 Years of Quality Molding 

UNION SPRINGS, NEW YORK TWX No. 169 

CIRCLE 211 ON READER SERVICE CARD 

send for the 

most widely used 

ELECTRONIC SUPPLY GUIDE 

ALLIED'S 
1960 CATALOG 

BUY AT FACTORY PRICES 
WORLD'S LARGEST STOCKS AT YOUR COMMAND 

specialists in the complete supply of: 

• Semi-Conductors • Special-Purpose Tubes • Controls, Resistors 

• Connectors • Test Equipment 8 Meters • Switches 8. Timers 

• Relays • Knight-Kit Instruments • Knight' P.A. Equipt. 

• Transformers • Electronic Parts for Every Industrial Need 

ONE ORDER TO ALLIED FILLS THE WHOLE BILL: Your aim» Cata-
log is the best single source for electronic supply. It puts the world's 
largest stocks at your command—there's no need to deal with hun-
dreds of separate factories—one order to us fills the whole bill. You 
get same-day shipment (fastest service in electronic supply) and 
you buy at factory prices. Send today for your FREE 1960 ALLIED 
Catalog—your one-source electronic supply guide. 

For free Catalog 
write today on 
your letterhead 

ALLIED RADIO 
loo N. Western Ave., Dept. 11-E 

Chicago 80, III. 

  .•. Our 39th year 

Literature of 
TRANSISTORIZED TRANSLA-
TOR Datex Corp., 1307 S. Myr-
tle Ave., Monrovia, Calif. Bul-
letin No. 122 covers the TR-702, a 
compact, low cost, translator 
which enables design engineers to 
take advantage of the inherent re-

liability of Gray Code encoders 
and obtain a parallel binary output 
and its complement. 

CIRCLE 380 ON READER SERVICE CARD 

TRANSFORMERS and REAC-
TORS Chicago Standard Trans-
former Corp., 3501 W. Addison St., 
Chicago 18, Ill. A 36-page catalog 
gives product specifications on 
over 550 transformers and filter 
reactors for military, industrial, 
and communications applications. 

CIRCLE 381 ON READER SERVICE CARD 

SYNCHROS John Oster Mfg. Co., 
Avionic Division, 1 Main St., 
Racine, Wisc. Catalog No. 4000 
contains definitions of synchro 
parameters, dimensional drawings, 
circuit diagrams, and physical, 
electrical and mechanical charac-
teristics of Oster's basic line of 
size 8, 10, 11 and 15 synchros for 
military, industrial and scientific 
applications. 

CIRCLE 382 ON READER SERVICE CARD 

AIRBORNE TELEMETERING 
Dorsett Electronics Laboratories 
Inc., 119 W. Boyd, Norman, Okla-
homa. Company's facilities and 
capabilities for the manufacture 
of airborne telemetering compo-
nents and systems are outlined in 
an 8-page 2-color brochure. 

CIRCLE 383 ON READER SERVICE CARD 

SWEEPING OSCILLATOR Kay 
Electric Co., Maple Ave., Pine 
Brook, N. J. A 4-page technical 
bulletin provides information on 
the circuitry and design considera-

tions of the Magna-Sweep, a wide-
band sweeping oscillator for use 
in S-band applications. 

CIRCLE 384 ON READER SERVICE CARD 

MICROWAVE COMPONENTS 
Radar Design Corp., Pickard 
Drive, P.O. Box 38, Syracuse 11, 
N. Y. A 16-page catalog illustrates 
a wide range of coaxial and wave-
guide attenuators and termina-
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the Week 
tions—the latter available in me-
dium power as well as low power 
models. 

CIRCLE 385 ON READER SERVICE CARD 

MODULATORS Burmac Elec-
tronics Co. Inc., 142 S. Long Beach 
Road, Rockville Centre, N. Y., has 
available literature describing 
three new modulators in detail— 
the 700, 402 and 223A. A helpful 
checklist for design data is pro-
vided to assist the engineer in ob-
taining quotations on his partic-
ular equipment. 

CIRCLE 386 ON READER SERVICE CARD 

VOLTAGE REGULATED SUP-

PLIES Kepco Inc., 131-38 Sanford 
Ave., Flushing 55, N. Y. Catalog 
B601 gives full descriptive data of 
active standard models in the tran-
sistorized, vacuum tube, magnetic 
and hybrid design groups of a wide 
line of power supplies. It is dual 
indexed by design group and out-
put voltage range. 

CIRCLE 387 ON READER SERVICE CARD 

COAX TRIMMER CAPACITORS 
Marstan Electronics Corp., 204 
Babylon Turnpike, Roosevelt, L. I.. 
N. Y. Bulletin CW illustrates and 
describes high voltage 3,000 wvdc 
coax trimmer capacitors and in-
sulating washers for commercial, 
industrial and military usage. 

CIRCLE 388 ON READER SERVICE CARD 

PRECISION RESISTORS Ohmite 
Mfg. Co., 3664 Howard St.. Skokie, 
Ill., has issued a new edition of its 
bulletin 153, describing molded 
wirewound, power, precision resis-
tors due to the introduction of 
l-w and 7-w sizes to the line. 

CIRCLE 389 ON READER SERVICE CARD 

RFI MEASURING EQUIPMENT 
Stoddart Aircraft Radio Co., Inc., 
6644 Santa Monica Blvd., Holly-
wood 38, Calif. A 4-page bulletin 
gives complete description, appli-
cations and specifications of the 
NM-52A radio interference-field 
intensity measuring equipment 
covering the frequency range of 
375 Mc to 1,000 Mc, with a sensi-
tivity of from 20 to 40 db greater 
than Mil-Specs require. 

CIRCLE 390 ON READER SERVICE CARD 

NEW SILICON 
"PILL VARACTOR 

GREATLY REDUCES THE PACKAGE 

AS A FACTOR IN CIRCUIT DESIGN 
specifically developed for: 

e amplifiers at the higher microwave frequencies 
(1000 mc and above) 

• travelling wave parametric amplifiers 

• microwave computers as sub-harmonic generators 

• amplifiers in which stray susceptauce effects must be minimized 

• applications of varactors to stripline circuits 

• modulators for frequency synthesis 

Experimental 
quantities 

are available 
edith these 
nominal 

specifications 

Pr PE 
NUMBER 

CAPACITANCE 
TOLERANCE ( Zero Bias) 

CUT-OFF 
FREQUENCY ( MIN ( 

MA-4253X — 1.4;14 max. 120 

MA-4254X — 1.4meif max. 100 

MA-4255X — 2.0µmf max. 60 

MA-4256X 1.2 — 2.5µµf Max. 50 

MA-4257X 2.5 — 4.0µµf max. / 30 

Package shunt capacitance — 0.2 up.f. Series lead inductance < Let henries. 

Write or call: 

MICROWAVE ASSOCIATES INC. 
BURLINGTON, MASSACHUSETTS 

BRo‘,vning 2-3000 • -PAX Burlington, Mass. 942. 
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ATTRACT AND HOLD TECHNICAL PERSONNEL 

TAMPA 

DAYTONA 

BEACH  

METROPOLITAN 

AREA  

ORMOND BEACH 
HOLLY HILL 

PORT ORANGE 

SOUTH DAYTONA 

A 

.111 

AE 

4;3«,kpecitz•e›Q 

JACKSONYILLV 

DAYTONA 
BEACH 

MISSILE 
TEST 
CE7ing 

WEST 
PALM 

BEACH 

anderson electronics, inc. 

NEW 
Manufacturer 

of 

Cryst.a.1 Filters 

•Zruart,z Cry-st.a.le 

• Competitively Priced 

• Prompt Service 

• Exacting Specifications 

• Engineering Design 

Available 

anderson electronics, inc. 
Bo. 1710, ALTOONA, PA. Phone WInchor 4-7148 

CIRCLE 213 ON READER SERVICE CARD 

120 

STRATEGIC 
LOCATION FOR 

GROWTH INDUSTRIES 

DAYTONA BEACH 

Metropolitan Area 
Industrial Sites 

Daytona reach, the east-te. 
west terminal on the north. 

to-south route of the prop, 

ected Federal Limited Acces9 

Freeway System, gives induse 

try a plus for the future. 

Write for new lot page 

Industrial Brochure 

R. H. MILES, MGR. 

INDUSTRIAL DEPARTMENT 

CHAMBER OF COMMERCE 

DAYTONA BEACH, FLORIDA 

CIRCLE 212 ON READER SERVICE CARD 

Mc GRAW-HILL 
DIRECT HAIL LIST SERVICE 

McGraw-Hill Mailing Lists 

Will Help You 

• Merchandise your advertising 
• Conduct surveys 
• Get inquiries and leads 

for your salesmen 
• Pin- point geographical 

or functional groups 
• Sell direct 
• Build up weak territories 
• Aid dealer relations 

Direct Mail is a necessary supplement to 
a well rounded Business Paper advertising 
program. 

Most progressive companies allocate o 
portion of their ad budgets to this second 
medium at the some time as they concen-
trate on the best business publications. 

600,000 of the top buying influences in 
the fields covered by the McGraw-Hill 
publications make up our 150 mailing 
lists. Pick YOUR prospects out of our 
Industrial Direct Mail catalogue. 

Write for your free copy. 
It contains complete information 

RADARGRAMMETRY 
Just Publisited—Describes techniques for 
correlating radar displays with map-pro-
jections. Shows applications to map-match-
ing, including navigation, air traffic control, 
weather surveillance, missile guidance, etc. 
Analyzes sources of error found in the real 
radar display, and outlines a unified system 
for keeping individual errors within hounds 
to meet an overall system performance. 
Covers such topics as image motion com-
pensation—ground-range sweep over a 
spherical earth—theory of radar return, and 
more. Discusses the theory of linear aper-
tures for optical systems as expounded by 
Schade, and other modern developments. 
By Daniel Levine. Consult. Engrg. 330 pp.. 
200 illus.. $ 12.00 

MECHANICAL RADIATION 
Just Published—Presents a unified approach 
to the field of wave propagation and me-
chanical radiation. Covers modern develop-
ments, including mechanical filtration in 
both its macroscopic and microscopic as-
pects, the absorption and dispersion of 
sound in fluids, macrosonics, shock wave. 
and magneto-hydrodynamics. Discusses low 
temperature acoustics in solids and liquids. 
and gives many illustrations of the relation 
between elastic radiation and other proper-
ties of matter. Treats mechanical radiation 
in the broad sense, and brings together 
the most significant aspects of acoustics. 
By R. B. Lindsay, Brown University. 440 
pp., illus., $10.00 

ANALOG COMPUTATION 
Just Published—Provides prartieal guidance 
on the general purpose electronic analog 
computer, and shows its application in solv-
ing common mathematical models. Also de-
scribes how to solve not-so-common models 
such as mathematical programming, certain 
statistical problems, and simulation of sys-
tem adjoints. Covers checking of solutions— 
design philosophy and operating characteris-
tics—and design problems of the operational 
amplifier. Comprehensively treats such vital 
topics as magnitude and time-scaling, solu-
tion of matrix problems, and analog-digital 
methods of computation. By A. S. Jackson, 
Cornell I:silver., 64 pp., 375 illus.. $ 13.50 

INFORMATION TRANSMISSION, 
MODULATION, AND NOISE 

.A fundano•ntal guide to basic problems in 
the transmission of information, stressing 
unifying principles underlying modern sys-
tems. Emphasizes the two fundamental lim-
itations to transmission of information, and 
explores the significance of these limitations 
in a representaive group of modulation sys-
tems—the common AM and FM systems, 
pulse modulation systems, pulse code modu-
lation, servo systems, and sampled-data 
servo systems among others. Sty M. 
Schwartz. Polyterh. Inst. of Brooklyn. 461 
pp.. 282 illus. $ 1 it))) 

10 DAYS FREE EXAMINATION 

McGraw-Hill Book Co., Dept. L-5-6 
327 W. 41st St., New York 36, N. Y. 
Send me bookIs) cheeked below for In days' ex-
amination on approval. In 10 days T will remit 
for book(s) T keep phis few cents for delivery costs. 
and return unwanted bookIsl postpaid. IWe pay 
delivery costs if you remit with this coupon—same 
return privilege.) 

Levine--Radarerammetry—$12.05 
D Lindsay— Mechanical Radiation-410.00 

Jackson—Analog Computation-413.511 
Schwartz— Info. Trans.. Modul. & Noise-41100 

Name   

Address   

('ity  Zone . state   

Company   

Position   

For price and terms outside U. S. 
write McGraw-Hill Intl.. N.Y.C. 36 L- n-ri 
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do you know 

what's expected 

from 
semi- conductor 

materials? 

There were more than a 
dozen articles on semi-
conductor materials in 
electronics in recent months. 
Each was specially edited to 
give you all key, facts, ideas or 
trends — and there's more com-
ing! Accurate electronics' re-
porting tells you what's hap-
pening now . . . what's ex-
pected in materials and com-
ponents. Don't miss dozens of 
articles on basic subjects ed-
ited to keep you informed, help 
make your research, develop-
ment, sales and marketing 
plans pay off. It pays to sub-
scribe to electronics (or re-
new). Fill in box on Reader 
Service Card now. Easy to use. 
Postage free. 

FIND WHAT 

YOU NEED IN 
electronics 

Electronic Engineers 

EXCELLENT POSITIONS ARE OPEN IN 

PACIFIC MISSILE RANGE PROJECTS 
Career civil service positions with the Navy are now open 

for qualified electronic engineering applicants. Salaries range 
from $8810. to $ 10,130., plus excellent additional benefits and 
established promotional and advancement opportunities. 

Work involves project management, design, development and 
installation of vast- scale electronic instrumentation systems for 
the Pacific Missile Range. 

Areas of employment are the Pacific Missile Range, Point 
Mugu, Calif.; the Naval Missile Facility, Point Arguello, Lompoc, 
Calif.; and the Office of Resident Industrial Manager, 
San Diego, Calif. 

Inquiries should be directed to the Industrial Relations Office, Dept. B 

NRF 
U. S. NAVAL REPAIR FACILITY 

San Diego 36, California 

F EE 
416- PAGE 

ACQ. 
MASTER 
CATALOG 

#21 
Lists over 12,000 

PRECISION INSTRUMENT PARTS 

and ASSOCIATED COMPONENTS 

Available From STOCK! 

GEARS • SHAFTS • COLLARS• CLUTCHES • 
BEARINGS • COUPLINGS • DIFFERENTIALS 
• SPEED REDUCERS and many other Pre-
cision Engineered Parts 
& Components. 

Send For Your 
Copy Today. 

Alt DESIGN CORP. 
Subsichary of BENRUS WATCH COMPANY, Int. 

477 Atlantic Ave., East Rockaway, Lk, N.Y. 

Award-winning 112-page 

Minnesota 
SITE BOOK 

Site-sec from your desk l'his factual 
brochure shows with photos latest 
industrial details of 123 Minnesota 
cities, and lists 424 current site areas 
with name of local contact. Write, 
on your firm's letterhead: 

Dept. of Business Development 
State Capitol, Dept. 447 St. Paul 1, Minn. 
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PEOPLE AND PLANTS 

Hazeltine Opens R&D Center 

HAZELTINE RESEARCH CORP., a sub-
sidiary of Hazeltine Corp., has 
opened a new research and develop-
ment center in Plainview, N. Y. 
Three major departments have 

been formed at the Plainview labo-
ratory. The Systems Research group 
is concentrating on advanced radar 
systems, military communications 
and space guidance systems. The 
Industrial department is working 
on electronic applications to photo-
graphic processes and other fields. 
The Apparatus and Circuit Re-
search department is devoting its 
efforts to semiconductor applica-
tions, electroluminescence and mi-
crominiaturization. 

Jennings B. Dow, president of 
Hazeltine Research Corp., is co-
ordinating activities of the three 

GI Semiconductor 
Expands Staff 

AS PART of an expansion and reor-
ganization of General Instrument 
Corporation's Semiconductor Divi-
sion, a series of promotions and en-
gineering staff additions have been 
announced by Maurice Friedman, 
vice president and general manager 
of the division. They include: 

William J. Feldman, appointed 
chief industrial engineer. He joined 

the company in 1958, after holding 
industrial engineering positions 
with Westinghouse Electric Corp., 

Federal Radio Co., and Sylvania. 

Eric J. W. Evans, named chief 

groups. He is a director of the Elec-
tronic Industries Association, and 
during World War II was chief of 
the Electronics division of the U. S. 
Navy's Bureau of Ships. 

R. K. Hellmann is technical direc-
tor and vice president of Hazeltine 
Research Corp. Frederick R. Lack 
is a consultant to the Plainview lab-
oratory and a director of HRC. 

Establishment of the Plain-
view laboratory was planned to 
strengthen Hazeltine's position in 
the military and civilian electronics 
fields, says Dow. 

Hazeltine was founded in 1924 to 
develop the radio inventions of 
Prof. Alan Hazeltine of Stevens In-
stitute of Technology. He is cur-
rently a consultant to Hazeltine 
Research Corp. 

germanium diode process engineer. 
He served as a supervisory semi-
conductor engineer with Edison 
Electric Co., in England, and CBS-
Electronics in the U. S. 

E. Thomas Middleswarth, chief 
glass technologist. He joined GI 
in 1959, and was formerly a glass 
specialist with CBS-Hytron Corp., 
Pittsburgh Plate Glass Co. and 
Corning Glass. 

Ralph H. Garten, appointed 
senior industrial engineer. He 
previously was mechanical design 
and production supervisor with 
Clevite Transistor Products Co. 
Lawrence P. Goetz, named senior 

process engineer. With GI since 
1953, he formerly was production 

engineer with P. R. Mallory Co. 
Kurt J. Sonneborn, appointed 

senior process engineer. A chemist 
by profession, he is experienced in 
silicon and germanium device de-
velopment. 

Morgan Heads Up 
New Company 

HENRY MORGAN was recently elected 
president and general manager of 
Electronic Controls Inc., Stamford, 
Conn., a recently formed company 
engaged in design, manufacture 
and marketing of automation equip-
ment and control systems for mili-
tary and industrial applications. 
The newly elected president 

served in management capacities 
for eight years with Burndy Corp. 
of Norwalk, and five years at Gorn 
Electric Co. of Stamford. 

GE Announces 
Realignment 

THE General Electric Co. recently 
announced an organizational re-
alignment in its electronic and de-
fense businesses. 
The company's Electronic, 

Atomic and Defense Systems group 
has been renamed the Electronic 
and Flight Systems Group. The 
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Case D 

Case E 

c<1 

Case C 

A COMPLETE LINE OF 

MICRO-MINIATURE RELAYS "OFF-TNE-CIELP 
COMPETITIVELY PRICED 

... available in prototype or production quantities 
from your nearby sales agency. Will fill most of 
your applications saving you time and money. 

*SERIES KXI MICRO-MINIATURE 
(.40 Max. x .875 x .80 Max.) 

Equipped with special DPDT 2 amp contacts 
rated to carry any load from dry circuit to full 
rating. Features at 1 10" grid spaced header. 
Nominal operating power-250 milliwatts. 
New torsional rotation balanced armature of-
fers 20G 2,000 cycle vibration and 50G shock 
immunity: Proven reliability under all environ-
mental conditions. 

PLACE YOUR ORDER TODAY 

RELAY 
NO. 

CASE 
STYLE 

HEADER CONT 
ARR' 

CONTACT 
RATING 
(AMPS) 

6. 12. 24 VDC 
Net ( Quant. 

1-10), 

KX1P20 0 Plug-in DPDT 2 amp 615.95 
KX1H2D D Solder DPDT 2 amp 16.20 
KX1H2C C Solder > OPDT 2 amp 16.20 
KX1H2E E Solder DPDT 2 amp 16.20 

, For Di counts on larger quantities see Kurman Sales 
Agency or write to factory. 

RAUL 
Almo Radio Co.. Ph iladelphia 

American Electronics. Rochester 
Arrow Electronics, Inc ., Mineola 

Cramer Electronics Inc. Boston 
111.0 Electronics, In:., toc.. 

Higgins & Sheer. Poughkeepsie 

Lafayette Radio , eBoston & w Y 
Mace Electronics, Erie. Pa or' 
Milo Electronics Corp., New York 

Quad Electronics. Inc., Brooklyn 
Radio Equipment Corp., Buffalo 

Schenectady Electronic OM. Corp., 
o Sc henrady 

Stack Electronics. Inc, Binghamton 

Terminal Radio Corp., >New York 
Valley Electronic Labs Inc. Utica 
Wholesale Rash° Parts.Co...Baitimore 

N 

Electra Distributor, Nashville, re« 

Electronic Equipment Co Miami. Fla 
Forbes Electronic OistriDutors Mo b 
Freck Radio & Supply Co Inc 

ile Asheville. NC 

Glenn Allen CO., Inc., Memphis. Tenn 
Goddard Distributors W Palm Beach 

fefeectronic Supply ol Grand Rapids. Grand Rapids 

Interstate Supply CO., SI LOWS 
Pioneer El ectronic Supply Co., Cleveland 

These leading Distributors — Kurn ran SALES AGENCI Ey-cour complete line 
hupitanucanu 
Radio Parts Co.. Milwaukee 

Relay Sales. West Chicago 
Sun Radio Co., Akron 

United Radio, Inc., Cincinnati 

_S_O_tLTawyLy 

eldfaCker Electronic EIPHORIORt• HOPSIC^ 
Central Electronics, Dallas 

Lavender Radii) Supply Co.. Inc. 
Tyler. lea 

Lenert Co., Houston 

Midland Specialty Cs., ti Paso. Teen Trice Wholesale Electronics. 

OltlellOnla City 

Avionic Supply, Culver City. California 
Ballard Supply CO., Ogden 
C & G Radio Supply, Seattle. Centralia. 
Tacoma Bremerton. Olympia. Aberdeen 

Dean Electronics, Long Beach. Calif. 

Frank goement. Inc.. San Jose 

Sacramento Electronic Supply, 
Sacramento 

Sil eeeeeee Radis Supply, San Diego 
feliElectric Distributors, Inc., 
Spokane 

niversal Radie Supply co., 
Los Angeles 

See our catalog pages in the new ado-Ceara' 

MASTER 

KURMAN ELECTRIC CO. 
Subsidiary of Crescent Petroleum Corp. • Quality Relays Since 1928 

191 Newel St., Brooklyn 22, N. Y. 

1' J\ftT1 c()‘s-' 

g A '5] ';] 
A M co co co 

ji ;PA fl 

This could have your name on it! 
Just a reminder .... don't let your subscription to 
electronics run out! Use coupon ( at right) and 
make sure to get all of the special issues coming 

up plus the "'Guide". 

FIND WHAT YOU NEED IN... 

electronics 

CIRCLE 215 ON READER SERVICE CARD 

__Renew my subscrip-

tion for 3 more years. 

_Enter my new 

subscription. 

U.S. Subscription Rates:  3 years 

$12  1 year $6. Canadian rates 

$10 for 1 year. Foreign rates $20 for 

1 year. 

Name 

Street 

City  Zone State 

Company  

Street  

City  Zone State  

Your Title Dept. 

Product Manufactured or Service Performed 

Mail reply to: electronics, 

330 West 42nd St., New York 36, N.Y. 
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R. F. Test 
Equipment 
Quantitative Measurements Using 

Sweep Frequency Techniques 

Model 900A— THE MOST VERSATILE 

SWEEP GENERATOR $1,26000 

CENTER FREQUENCY—VHF 0.5 to 400 MC 

UHF 275 to 1000 MCS—SWEEP WIDTH— 

up to 400 MCS—FLATNESS— +0.5 db over 

widest sweep! 

Model 707— ULTRA FLAT 
SWEEP GENERATOR $79500 

Featuring ± 5/100 db flatness— Plug-in osc. 
heads*; variable sweep rates from 1/min. to 
60/sec.; all electronic sweep fundamental 
frequencies; sweep width min. of 1% to 
120% of C.F. 
"Heads available within the spectrum 2 to 265 MCS 

Models 601/602—PORTABLE 
GENERAL PURPOSE $295.00 

COVERAGE—Model 601 
—12 to 220 MCS. Model 
602-4 to 112 MCS— 
FLATNESS — +0.5 db 
OUTPUT—up to 2.5 V RMS 
WIDTH- 1% to 120% of C.F. 

Model FD-30 $250.00 
High speed DPDT co-
axial switch permitting 
oscilloscope measure-
ments without calibra-
tion— all measure-
ments referenced con-
tinuously against stand-
ard attenuators. 

Model AV-50 
Variable Precision 
Att ter $150.00 

Long life rotary 
switches; dual wip-
ing silver contacts 
on "Kel-F" dielec-
tric. 0-62.5 db in 
1/2  db steps; DC to 
500 MCS. 

Write for catalog and technical Newsletter series on 
measurements using sweep frequency techniques. 
Prices and data subject to change without notice. 

Ifli111110 ELECTRONICS CORPORATION 
Industrial Products Division Dept. ITE-34 

The Jerrold Building, Philadelphia 32, Pa. 
Jerrold Electronics (Conodo) Ltd., Toronto 

Export Representotive. Rorke International, N.Y. 16, N.Y. 

group, under C. W. LaPierre, vice 
president and group executive, will 
now include: the Defense Electron-
ics Division, Syracuse, N. Y.; the 
Electronic Components Division, 
Owensboro, Ky.; and the Flight 
Propulsion Division and the Air-
craft Nuclear Propulsion Depart-
ment, both in Cincinnati, O. 

Concurrently, the company has 
transferred its Industrial Electron-
ics Division to the Industrial 
Group, headed up by Arthur F. 
Vinson, vice president and group 
executive. The division, headquar-
tered in New York City, had been 
a part of the former Elec-
tronic, Atomic and Defense Sys-
tems Group. 
The Communications Product 

Department, formerly a part of the 
Industrial Electronics Division, has 
been reassigned to the Defense 
Electronics Division in Syracuse, 
N. Y. 

Suomala Joins 

Gabriel as V-P 

APPOINTMENT of John B. Suomala 
as vice president of engineering of 
the Gabriel Electronics Division of 
The Gabriel Co., Millis, Mass., has 
been announced. Formerly with the 
Instrumentation Laboratory at 
MIT, he has had over 15 years en-
gineering and managerial experi-
ence in his field. 
At MIT for five years, Suomala 

had staff and line responsibilities 
for many projects including: iner-
tial guidance systems in connection 
with ICBM programs; automatic 
ground environment systems; and 

THINK 

WITH -7) 
ALUMINA o 
CERAMIC 
MINIATURES ee % 

<> In Production Runs 

<> Accurate and Intricate Forms 
o Improved Physical and 

Dielectric Strength 

<> Low Loss Factors 

o Readily Metalized 

o Vacuum Tight 

o Design Engineering Service 

o Specialties Department for 
Prototype Models 

MIA lvi Q 1•TITE 

products 

Dept. ES-5 

NEW — 

Write for your 

copy of " High Alumina 

Technical Ceramics 

—as applied to the 

Electronic Industry." 

mfg. co. 

Shreve, Ohio 

IECHNICAE CERAMICS 
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Types 6AR and 6DR incorporate plug-in lamp 

ELDEMA SWITCHLITES 
Designed and built to meet or exceed all applicable military 
specifications, ELDEMA's versatile family of miniaturized 
push-to-test SWITCHLITES are furnished with either SPST 
or DPDT switch configurations . . . and incorporate a wide 

variety of permanent or replaceable lamps. Neon or incan-
descent lamps, with optional voltage ratings, can be supplied. 

These four ELDEMA Switchlites complement one another 
for applications in data processing circuits, control systems, 
test equipment, computers . . . and in circuitry involving 
unique and specialized switch/light parameters. 

ELDEMA CORPORATION 1805 Belcroft Ave. El Monte, Calif. 

Ideal for fail-safe applica-
tions, the 6AR enables two 
separate circuits to be mon-
itored without a common 
connection. 

Lamp and switch terminals 
of the 6DR are brought out 
separately in a 4-pin socket. 

6B 
The miniaturized 6B is de-
signed so the lamp and 
switch can be used separate-
ly or in combination with 
one another. 

1 ERX-DLA-T transistorized Switchlite 

Incorporating a transistor-
ized neon driver and switch. 
lite made as a plug-in 
assembly, the lERX-DLA-T 
satisfies the need for low-
voltage circuit triggering of 
neon indicators. 

Type 6B 

furnished with replaceable 
lamp and large plastic lens 

__There's 
'going to be 

=1111Mk a meeting 
Who's going to get together and what are they going 
to talk about? 

Electronics men are meeting all over the country to 
talk about everything from ultrasonics to quantatum 
electronics. 

electronics tells you where and when "Meetings 
Ahead"... gives you the highlights later on. 

Another reason why it will pay you to subscribe to 
electronics (or renew your subscription) right now. Fill. 
in the box on Reader Service Card. Easy to use. Postage 
free. 

FIND WHAT YOU NEED IN... 

electronics 

Foi 

photo 1/2 actual 
size 
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HIGH-SPEED, MINIATURE 

STEPPING SWITCH 

For: Automatic switching, circuit selec-
tion, and timing- control 

Featuring: • 80 steps per second on im-
pulse drive • 30 contacts per bank 
• maximum 12 banks • only 17 oz. in 
weight • unique sequence switching 

Write today for complete technical data or, the unique 
Miniature Uniselector — ALSO on the Two-Way and One-Way 

Stepping Switches. 

THE GENERAL ELECTRIC COMPANY, LTD., OF ENGLAND 

SOLE DISTRIBUTOR7141—, 
,Cjs) 

11 University Rd., Cambridge 38, Mass. 

U.S. AGENTS FOR THE GENERAL ELECTRIC COMPANY, LTD. OF ENGLAND 
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Measures RC in parallel 
(oti-er bridges measure C & D or L & Q) 

Wayne Kerr Universal Bridge 
Type B-221 featuring 

ACCURACY, RANGE, 
VERSATILITY 

Two, three or four-terminal measure-
ment of impedance or transfer ad-
mittance. 
• Measures capacitance to 0.1%— 
.0002µµf-114 
• Measures Conductance to 0.1%-
10 -1-10-8 mhos (10u-100M u) 
• Measures Inductance to 0.1%— 
lmH—infinity 
al Frequency Range-50-20,000 cps 
(internal oscillator and detector for 
operation at 1000 cps) 
Extended range using Low Imped-
ance Adaptor: 1µf to 250,000µf-
50gu to 100 u-51.tH to 10mH. 
Measures impedance between any 
two terminals regardless of other im-
pedances or impedance of test leads. 
Price—$880 F. O. B. Philadelphia. 
OTHER INSTRUMENTS: Audio to 
VHF Bridges; Oscillators; Attenu-
awns; Microwave Equipment; Vibra-
tion and Distance Meters; Wave-
form Analyzer, AF Voltmeter. 
Send for complete W-K-02 catalog 
sh( wing other instruments. 

WAYNE KERR 
CORPORATION 

1633 Race St., Philadelphia 3, Pa. 

Representatives in major U.S. cities and Canada 

antenna systems including a ground 

antenna for the Air Force and early 
warning radar antenna systems. He 
was engineering manager at D. S. 
Kennedy & Co., handling design and 
development of large steerable an-
tennas, and chief engineer at Ben-
dix Radio Division, Bendix Avia-
tion Corp., where he directed 
development and production of an-
tennas, antenna drive systems and 
control systems. 

In his new position, he will be in 
charge of all matters in the engi-
neering department of this division, 
reporting directly to Stanton L. 
Yarbrough, president and general 
manager of Gabriel Electronics. 

Appoint Dole 

R&D Director 
ACE ELECTRONICS ASSOCIATES, INC., 
Somerville, Mass., manufacturer of 
precision potentiometers, has ap-
pointed Fred E. Dole director of 
research and development of the 
corporation and its affiliates. His 
responsibilities include supervision 
of all matters of design, prototyp-
ing and production. 

Dole has been a consultant to the 
electronic industry in the fields of 
precious metals, contacts, switches 
and other electromechanical compo-
nent areas. For the past twelve 
years, he has acted as director of 
the Industrial Division of the 
J. M. Ney Co., Hartford, Conn. He 
served also as consultant for cus-
tomer engineering for the Ney firm 
on a national basis, prior to estab-
lishing his own consulting firm. 

WIRE LEADS ARE ATTACHED TO RESISTOR 

BY DU PONT THERMOSETTING SILVER 

COATING PROBLEMS ? 

Let Du Pont 

Experience 

Help You Solve Them 

Du Pont technical know-how, backed 

by years of research and experience, 
can help you find the right answer to 

your specific coating problems. Du Pont 

conductive coatings. .. of silver, gold, 

platinum, palladium ... are available 

to you for use on almost every type of 
electronic circuit and component: 

• Electrodes for barium titanate ce-
ramic capacitors. 

• Electrodes for mica capacitors. 

• Electrodes for thermistor and piezo-
electric bodies. 

• Air dry static shields and conductive 

coatings. 

• Thermosetting conductive cements for 

metals, phenolics, epoxies and other 
bases. 

• Fired coatings on ceramic and glass 

(e.g., when copper-plated and tinned 

for hermetic sealing). 

Write for bulletin on high-quality Du Pont 
Conductive Coatings of Silver, Gold, Plati-
num and Palladium. Mention application you 
have in mind. Du Pont has a formulation to 
lit your application, process or product fea-
tures. Write: Du Pont, Electrochemicals De-
partment, Ceramic Products Division, \Wil-
mington 98, Delaware. 

1U PO» 
Better Things f-ar Better Living... through Chemistry 

128 CIRCLE 128 ON READER SERVICE CARD 
CIRCLE 213 ON READER SERVICE CARD 
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EMPLOYMENT 
OPPORTUNITIES 

(Continued on pages 130-136) 

AteDREAS BOX NO. REPLIES TO: nei No. 
Classified Adv. Die. of M. publOotion. 

Send to office neorent you. 
NEW YORK .151: P. 0. Rot I! 
CHICA00 11: 520 N. Miehiyan Arr. 
RAN FRANCISCO 4: co Pont Rt. 

POSITION WANTED 

Ion propulsion specialist with several years 
experience in research and development 
wants to change to leading company. PW-
4280, Electronics. 

SELLING OPPORTUNITY WANTED 

Manufacturer's representative organization 
established eleven years in engineering sales. 
desire to represent electronic component 
manufacturer for Military and Industrial 
application. Northern Illinois and Northern 
Indiana, Twin Cities, Minneapolis and St. 
Paul, Minn. RA-3909. Electronics. 
- - 

BUSINESS OPPORTUNITY 

French Manufacturer (200 employees) is 
looking to manufacture-under-license relays, 
condensers, resistors and other quality com-
ponents for the electronic industry. Write to: 
Messrs. HUYGHE-62. rue Notre-Dame. 
HAZEBROUCK, France. 

DISENCHANTED 
ENGINEERS 

If your present employer has failed to 
utilize your full potential, why not per-
mit us to explore the parameters for 
your personal qualifleations with the 
many dynamic young con.. ponies in 
aviation, electronics, missiles and rock-
ets. We now have in excess of 4,000 
openings in the 1.8,000 to 840.000 
bracket, all of which are fee maid. Why 
wait? Send resume its duplicate at once 
indicating geographical preferences and 
salary requirements. 

FIDELITY PERSONNEL 
1530 Chestnut Street, Philadelphia 2, Po. 

Established 1943 

RESEARCH and DEVELOPMENT DEPART-

MENT OF CONTINENTAL OIL COMPANY 

PONCA CITY, OKLAHOMA 

has immediate opening 

EE or PHYSICS 
Advanced degree or equivalent with 

experience in design and fabrication of 
electronic instruments. Salary commen-

surate with experience. Send detailed 

resume tc 

INDUSTRIAL RELATIONS DEPARTMENT 
CONTINENTAL OIL COMPANY 
PONCA CITY, OKLAHOMA 

ENGINEER 

D-C POWER SUPPLY 

ENGINEER 
UNUSUAL OPENING with West Coast's oldest 
p.s. mfr. Challenging, independent r & d work 
on mat-amp. SC.R.. transistor controlled rectifiers 
5 to 1500 amps. Opportunity wide open for well 
educated experienced engineer with creative ability. 
Excellent salary. Participating bonus, stock porch. 
loportunity. pension, health plan. Medium sized. 
ltnancially sound company 

CHRISTIE ELECTRIC CORP. 
3410 West 67th Street 

Los Angeles 43, Calif. 
juil 51, 1.11, 11,1, P L 3-2607 ( or after 

Si . AX 1-1269). 

WHAT'S 
UP IN 

WASHINGTON? 

.... 
n rri n 

i 
ri 
i 1 

Powerful individuals in Congress, The Pentagon, 
the State Department and elsewhere can influence 
the business plans of scores of electronics manufac-
turers. 

electronics reports on policy makers who influ-
ence decisions on guided missiles, basic scientific 
research, government communications policy and 
many other sensitive subjects. 
The highlights are summed up in 3 minutes 

reading time. More detailed reports on particularly 
important subjects are specially edited for quick 
and easy reading. 

electronics names names ... tells the implications 
of new developments ... keeps you informed. See 
"Washington Outlook" — a regular, weekly report. 
Act now! For a new subscription or a renewal, fill 
in box on Reader Service Card. Easy to use. Post-
age free. 

FIND WHAT 
YOU NEED IN... 
electronics 

electronics • MAY 6, 1960 129 



EMPLOYMENT OPPORTUNITIES 

COVERAGE 

The Advertisements in this section include all employment opportunities--execti. 

Dye, management, technical, selling, office, skilled, manual. etc. 

Positions Vacant 

Positions Wanted 

Part Time Work 

DISPLAYED 
The advertising rate is $34.33 per inch for all adver-

tising appearing on other than a contract basis. 
Contract rates quoted on request. 

in advertising inch lo measured IX," vertically on a 
coltunn-3 columns-30 inches to a page. 

Subjecato Agency Commission. 

Civil Service Opportunities 

Selling Opportunities Wanted 

Selling Opportunities Offered 

Employment Ageneir , 

Employment Service, 

Labor Bureaus 

---RATES--- UNDISPLAYED 
$2.40 per line, minimum 3 lines. To figure advaii. 
payment count 5 average words as a line. 

Bon Numbers—counts as 1 line. 

Discount of 10% if full payment is made in advance 
for 4 consecutive insertions. 

Not subject to Agency Conani,ion. 

Send NEW ADS to CLASSIFIED ADV. DIV. ut ELECTRONICS. P.O. Box 12. N. Y. 36, N. Y. 

SENIOR MICROWAVE ENGINEER 

You will be given system responsibility for the development 
of new concepts in the generation, propagation and radiation 
of microwave power for heating, cooking and curing purposes, 
in numerous commercial and industrial applications. ( Raytheon 
is one of the few electronics companies whose staff includes 
systems, advanced development, and design engineers in these 
fields). 

You must have a BSEE or equivalent and should have 8 years 
of broad design or advanced development experience in the 
microwave field in order to handle the planned assignments. 
(Experience in radar development, for instance, or DC power 
generators or magnetrons.) Since we're looking for an excep-
tional individual—who will be rewarded accordingly—the de-
ciding factor will probably be your creativeness and ingenuity, 
as evidenced by: patent disclosures; significant publications; 
or descriptions of accomplishments not formalized by patents 
or publication. 

MICROWAVE LICENSEE ENGINEER 

You will serve as liaison between Raytheon and licensees, 
assisting in the design of microwave cooking units for these 
licensees' commercial ovens. This will involve working with 
the licensees' design engineers to solve such problems as heat, 
sanitary considerations, microwave distribution, wave modula-
tion, insulation and cost reduction. You will also help translate 
licensees' suggestions into product improvements. 

You should be a senior-level electronics engineer with a BSEE 
or equivalent and should have 5 years' applicable experience. 
Background in design of test equipment, high-power modu-
lators, or commercial microwave equipment is especially useful, 
as is knowledge of magnetrons, underwriters' requirements and 
FCC regulations. Basically, we're looking for a top design and 
sales engineer ( travel will be limited, however) so salary is 
commensurate—that is, excellent. 

Both positions are in the suburban Boston area and offer attrac-
tive cultural, educational and recreational opportunities. Relo-
cation assistance is available. Please phone collect ( Bigelow 
4-7500) or forward your detailed resume to Mr. Paul R. Alex-
ander, Manager of Professional Personnel. Comiliereial Appa-

ratus & Systems Division, Raytheon 
Company, Watertown, Nlassachusetts. 

(RAYTHEON 
Excellence in Electronics 

COMMERCIAL 

APPARATUS & SYSTEMS 

INERTIAL 
SYSTEMS 

DEVELOPMENT 

 there are opportunities at 
Honeywell Aero for the engineer 
or scientist who is interested in 
participating in this growing 
field of technology. While spe-
cific inertial systems experience 
is desirable, you may also be 
qualified by your background 
and/or related experience for 
activities in the inertial systems 
development at this time. Spe-
cific openings include: 

SYSTEMS ANALYST 

Mathematician or engineer with 
strong background in vector analy-
sis, operational calculus, matrix al-
gebra and related techniques. To 
carry out analysis of inertial sys-
tems configurations including error 
evaluation. 

DIGITAL SYSTEMS AND 
LOGIC DESIGNER 

Familiar with digital logic tech-
niques at current state of the art; 
capable of organizing computing 
systems to perform various tasks in-
cluding logical design and critical 
parameter specification. 

ELECTRONIC ENGINEER 

Electrical engineering degree plus 
experience in miniaturized semi-
conductor electronics development. 
To design servo, pickoff, and other 
electronics for use with gyros and 
accelerometers. 

ENGINEERING PHYSICIST 

Physicist with practical and theo-
retical understanding of mechanics, 
magnetism and electricity to analyze 
and develop inertial sensors of novel 
and original design. 

To discuss these or other openings, 
write Mr. R. O. Maze, Chief 
Engineer, Marine Systems Group, 
Dept. 6144, Aeronautical Division, 
1433 Stinson Blvd., Minneapolis 13, 
Minn. 

Honeywell 
indiret-Pet.e. quevf. 

To explore Professional oPPortunities in 
other Honeywell operations coast to coast, 
send your application in confidence to 
H. K. EcksIrom, Honeywell, Minneapolis 
8, Minnesota. 
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EMPLOYMENT OPPORTUNITIES 

Commercial expansion at National creates 

IMPORTANT DIGITAL COMPUTER R&D POSITIONS IN LOS ANGELES 

TRANSISTOR CIRCUITS ENGINEERS — 

Senior and Intermediate 
Highly creative positions are available in circuit analysis 
and design. Duties include advanced mathematical studies 
in transistor circuitry, evaluation of transistor circuitry, 
component studies and keeping abreast of computer 
circuit advances. Circuit analysis ability and solid under-
standing of transistor theory essential. E. E. degree 
required. 

ELECTRONIC DESIGN ENGINEERS — 

Senior and Intermediate 
To form new group in design of general-purpose digital 
buffers. Three to five years' logical and transistorized cir-
cuit design of digital equipment preferred, with additional 
background in ferrite magnetic core memories. 

ELECTRONIC PRODUCT DESIGN ENGINEERS 
To form nucleus of a new product engineering and manu-
facturing liaison group. Positions require 2-3 years of elec-
tronic design experience, preferably in digital computing 
equipment or transistor circuits. 

SENIOR PROGRAMMERS 
For development of advanced automatic programming 
techniques for a general-purpose data processor, accep-
tance testing, etc. Experience should include construction 
of auto codes, service-type routines, simulators or diag-
nostic routines. 

TEST EQUIPMENT ENGINEERS — 
Senior and Intermediate 
To form nucleus of new electronic digital test equipment 
design-development group. Applicants must have at least 
3 years' pertinent experience and some familiarity with 
digital applications of transistors and/or magnetic cores. 

RECENT GRADUATES 
Excellent opportunities for recent graduate engineers with 
6-18 months' experience. Positions are in the areas of 
transistor circuit and magnetic circuit techniques, logical 
design. 

Please send resume to N. E. Powell, Personnel Manager 

The National Cash Register Company 
ELECTRONICS DIVISION 

1401 E. El Segundo Blvd., Hawthorne, Calif. 
•Trade mark reg. U. S. pat. off. 
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EMPLOYMENT OPPORTUNITIES 
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FORT WAYNE, INDIANA 
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URBANA, ILLINOIS 

-7>  

COMMUNICATIONS 

LOS ANGELES, CAL.FORNIA 

at magnavox there's no getting lost in the crowd. 
As an engineer in our government and industrial divisions, you 
stand out as an individual with ideas. Ideas that we listen to. 

Ideas that are put into motion. Ideas that step you ahead ... fast. 

But while we gladly admit to NOT being a giant, neither do we 
take a back seat to anyone in the kind of creative climate 

we offer engineers. We are, in fact, currently engaged in a vast 
number of highly specialized areas of electronic activity and our 

customers rank among the principal names in business 
and government both here and abroad. 

At present, we need engineers to carry on expanding programs 
in communications, airborne radar, missiles, 

anti-submarine warfare systems and data processing 
equipment. The projects we have on tap are broad and 

challenging. The men we offer as your associates are 
high caliber creative scientists like yourself. And 

the technical facilities we provide are the 
finest, most complete anywhere. 

If you're a man who tikes to accept challenge— and wants to be recognized for it—we'd be glad to hear from you. 
Phone Dick Eary (collect, of course) at Eastbrook 9721 in Fort Wayne or write him today for complete information. 

cm g n cumrc»c. 
) 1 M 1 

RADAR 

I I 

81115 I fflaiiimilm• I 
I l DATA HANDLIINIG 1 ASW 

I I 1 

MISSILES 

THE MAGNAVOX CO. • DEPT. 216 • Government and Industrial Division • FORT WAYNE, IN D. 
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Opportunities in Development 

New developments in 

Esaki Diode technology 

at IBM 

The Esaki Diode at left was made experimentally. 

Soon after the original discovery of the Esaki Diode, IBM 

engineers and scientists began a thorough investigation 
of its properties. As a result of this investigation, IBM has 

evolved new techniques to improve some of its most im-
portant characteristics. A stage of development has been 

reached where.germanium Esaki Diodes can be made with 
peak-to-valley ratios averaging between 14 and 15 to 1, 

and with peak currents that can be controlled within 1%. 

Looking at All Aspects 

At IBM, the Esaki Diode is being examined from many 
viewpoints. Physicists and mathematicians are studying 
the theoretical foundations of its behavior. Other scien-
tists and engineers are probing its electrical characteris-
tics. Still others are refining techniques for its construction. 

It takes the varied skills of many engineers and scientists 

to advance the state of new and complex technology. It 
also takes the inherent progressive spirit of an organiza-
tion interested in making these advances. 

Careers in Frontier Fields 
Solid state studies may not be your primary interest. You 

may have specialized in other areas of engineering, or in 
one of the sciences. But whatever your goals or your back-

ground, you'll find opportunity for fascinating work in 
frontier fields at IBM's expanding research and develop-

ment laboratories. 

If you have a degree in engineering, mathematics, or one 
of the sciences — plus experience in your field—write, 
briefly outlining your qualifications, to: 

Manager of Technical Employment 

IBM Corporation, Dept. 554Q1 
590 Madison Avenue, New York 22, N. Y. 

IBMINTERNATIONAL BUSINESS MACHINES CORPORATION 



EMPLOYMENT OPPORTUNITIES 

A Major New Power In 
Electronics Is Born 

The recent formation of 

LOCKHEED ELECTRONICS COMPANY 

marks the beginning of new expansion— 

entry into new markets and new activities 
in both military and non-military fields. 

On the East Coast, Lockheed Electronics Company has organized 

3 operating divisions. Immediate positions are available for expe-

rienced engineers and scientists who possess proficient experience 

in the following activities and who desire unlimited professional 

growth with a dynamic, new and expanding organization. 

Military Systems-Stavid Division 
STAVID will continue to expand its present capabilities in military 

electronics, and will place special emphasis on: Airborne ASW re-

search and development; Sonar; Sonobuoy systems; unique under-

water detection devices; advanced radar systems; operations 

research—systems analysis; ECM and digital computer design. 

Information Technology Division 
This new division is engaged in the development and marketing of 

data systems and sub-systems including: data processing, storage 

and display systems; telemetry; special purpose computers; systems 

analysis; communications and navigation systems. Special demand 

for solid-state circuit design engineers with particular emphasis 

on DC amplifier and low level, low noise amplifier design; VCO 
and FM discriminator design experience. 

Engineering Services Division 
(FIELD OPERATIONS) will continue to expand and diversify in the 

areas of product service, test, evaluation, range instrumentation 

and operation, high quality engineering and consulting services. 

Current professional opportunities immediately available on pro-

grams involving: experimental data processing equipment; 

simulators and trainers; radar and navigation systems; missile 
guidance and associated general support equipment. 

If you would like to investigate present and future 

opportunities in this growing company, you are invited 

to submit your professional resume in confidence to: 

PROFESSIONAL PLACEMENT DEPT. EE 

Interviews arranged promptly 

1.11[/11(ilail fifffililllIGS GilÁl 

PLAINFIELD, NEW JERSEY 
PLAINFIELD 7-1600 

[IV 

mulemmummummarl 

digital 

computer 

designers 

The Crosley Division of Avco 
Corporation has openings for elec-
tronic engineers with from two to 
ten years' experience for unusually 
responsible positions involving digi-
tal computer and data processing 

equipment design. 

At Crosley, all projects offer engi-
neers of talent and capability un-
limited challenge and definite 
authority. An alert, aggressive man-
agement team provides maximuin 
support and backing to each of the 
outstanding professional teams work-
ing on the frontiers of data process-
ing for industrial systems. 

Now is your opportunity to grow 

your own career in this new and 
exciting field. Experienced personnel 
can choose: 

• transistorized circuit design 
• digital systems design 
• logic design 

For complete information, write or 
call: 

Mr. P. B. Olney 
Manager of Scientific and 
Administrative Personnel 

Department E-510 
Crosley Division 
Avco Corporation 
1329 Arlington Street 
Cincinnati 25, Ohio 
Phone: Kirby 1-6600. 

Avco 
ferosley 
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EMPLOYMENT OPPORTUNITIES 

A DIVISION OF 

active 
programs in 

19 critical 
electronic 
areas 
Offer You Opportunities 

To Participate In Significant 

Advances at 

STROMBERG-CARL SON 
Division of General Dynamics 

Top-calibre research and development teams at 
Stromberg-Carlson are tackling the prime problem 
areas in electronics affecting commercial communities 
and national defense. Programs and R & D staffs are 
expanding, backed by the vast resources of General 
Dynamics and the Stromberg-Carlson engineer-
oriented management. 

Every senior engineer and scientist who feels he 
can contribute to the expansion of man's capabilities 
in any of the following areas is invited to contact us. 

1Ve are particularly interested in people with 
advanced degrees in. Physics, Electrical Engineering 
or Mathematics and experience in one or more of the 
areas listed. Please send resume in confidence to 
Technical Personnel Department. 

ENGINEERING AND 
ADVANCED DEVELOPMENT 

Advanced ICBM Communications 
Electronic Switching 
Nuclear Instrumentation 
High-Speed Digital Data Communications 
Electronic Reconnaissance Systems 
Single Sideband Communications 
Synchronous Data Transmission 
Advanced ASW Techniques 
Machine Tool Automation 
Radio Data Links • Tacan Equipment 

High Intensity Sound Generators 
Advanced Air Acoustics 
Shaped Beam Display Systems 
High-Speed Automatic Missile 

Check-Out Equipment 

Super-Speed Read-Out and Printing Equipment 

RESEARCH 

Paramagnetic Resonance • Ferroelectricity 
Thin Photoconductor Films 
Propagation and Coding • Speech Analysis 

Bandwidth Compression • Hydro-Acoustic Transducers 
Defect Solid State Physics 
Parametric Devices • Molecular Electronics 

Tunnel Diode Logic • Scatter Propagation Analysis 

STROM B E RG -CARLSON 

GENERAL DYNAMICS 
1422 N. Goodman St., Rochester 3, New York 
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ENGINEERS 
SCIENTISTS 

EMPLOYMENT OPPORTUNITIES 

6. 

FUTURISM 
in 

contemporary 
R&D 

Radical departures from traditional 
forms of scientific investigation are 
the keynote of Republic Aviation's 
forward-looking programs in space 
exploration and upper atmosphere 
flight. In an environment that re-
gards with skepticism the seeming 
validity of conventional conclusions, 
engineers and scientists seek below-
the-surface solutions of problems... 
bypassing the superficial. 

Expanding the scope and depth of 
present programs is Republic's 
recently completed $ 14 million 
Research and Development Center. 
Extensive facilities here are an in-
vitation to professional men to real-
ize the future by solving today's 
most perplexing problems. 

SENIOR LEVEL OPENINGS EXIST 
IN THESE IMPORTANT AREAS: 

Navigation & Guidance Systems/ Radar 
Systems / Information Theory / Radio 
Astronomy / Solid State & Thermionic 
Devices / Microwave Circuitry & 
Components / Countermeasures / 
Digital Computer Development / 
Radome & Antenna Design / Receiver 
&Transmitter Design/Miniaturization. 
Transistorization / Radiation & Propa-
gation (RE, IR, UV) / Telemetry-
SSB Technique 

Please forward resumes to: 
Mr. George R. Hickman 

Technical Emnloyment Manager, 
Department 11E-1 

• 
/iIIFIPPlUIIIIIL/C .4 IV/ A 7.07 

Farmingdale 
Long Island, New York 

MR. ENGINEER . . . 

Retain your Identity at 
BECKMAN 1 I ¡1st , ,, ments' 

SYSTEMS DIVISION in 
Orange County California 

Hede.8 your chance to be a big fish in a small pond . . . not that 
our Systems Division is too small . . . it's just that we're not so 
large and over organized that the individual and his efforts are 
submerged in a mass of humanity and a welter of paper work. 
Our business is the design, development, and manufacture of 

proprietary electronic data processing and data acquisition system 
. . . research and development study projects pertaining to satel-
lite programs . . . varied engineering design projects and other 
activities with both military and commercial significance. 

There's ample elbow room for the non-organization man in any 
one of the following professional areas: 

Logic Design Systems Design 
Analog Design Systems Engineering Digital Design 

Project Management Project Engineering 
Electronic Design Systems Evaluation and Modularization 

Field Engineering Applications Engineering 
If you'd like to receive more information about us, we suggest 

you write to our Mr. J. W. Carlton enclosing a brief description 
of your background. 
Beckman Systems, 325 North Muller, Anaheim 3, California 
(25 miles south of Los Angeles, near the Pacific Coast) 

ELECTRICAL ENGINEER 
ADVANCE DEVELOPMENT OF SEMICONDUCTOR DEVICES 

PHD, MS or equivalent with a background in elec-

tronic circuits to specify optimum device parameters 

for specific switching and high frequency applications 

and to design and develop new device structures 

employing specific process approaches. 

WRITE: M. O. Chiltote, Div. E-5 

Semiconductor Products Dept. 

Electronics Park, Syracuse, New York 

GENERAL ELECTRIC 

ELECTRONIC ENGINEER 
Opening in growing concern located in university 
town in southwest. 2 to 8 years experience in 
circuit design. telemetering. transistor circuitry. 
or data handling required Pleasant working and 
living conditions. 

DORSETT ELECTRONICS LABORATORIES, INC. 
P. 0. Box 862 Norman, Oklahoma 

Lts MANUFACTURERS' REPRESENTATIVES 

IN THE ELECTRONIC INDUSTRY 

SAMUEL K. MACDONALD, INC. 
manufacturers representatives over 25 years 

1531 SPRUCE STREET, PHILA. 2, PA. 
Territory: Other Officer 
Pennsylvania • New Jersey Pittsburgh 
Delaware • Maryland Baltimore 
Virginia • West Virginia Washington, D.C. 
District of Columbia 

LENKURT 
has opportunities for 

ENGINEERS 
in the following fields: 

• MICROWAVE RADIO 
DESIGN ENGINEERS 

• TELEPHONE CARRIER 
DEVELOPMENT ENGINEERS 

• SALES ENGINEERS 
Extensive telephone exp. req. BSEE 
olso req. 

• ENGINEERING WRITERS 

• QUALITY CONTROL ENGINEERS 
Live and work on the Beautiful 
San Francisco Peninsula! 

Please direct inquiries tin 
E. Jack Shannahan 
Employment Manager 

LENKURT ELECTRIC COMPANY, Inc. 

1105 County Road San Carlos, California 
It more convenient, rall—collect LYtel 1-8161 
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digital 
computer 
engineers 

circuit designers 
logical designers 
systems analysts 
programmers 

HUGHES in FULLERTON has immedi-
ate Research & Development open-
ings for circuit designers, logical 
designers, programmers and analysts 
for the development of large scale 
information processing systems, in-
cluding new general purpose and 
special purpose computers. Assign-
ments exist in the following areas of 
specialization: 

GENERAL PURPOSE COMPUTER SYSTEMS 

• Microwave Carrier Logic 

• Millimicrosecond Base- Band Logic 

• Tunnel Diodes 

• Evaporated Magnetic Components 

• Micro-Electronic Techniques 

• Transistor High-Speed Gating 
Techniques 

• Solid State Circuits 

• Core Memory and Buffers 

ARMY/NAVY COMPUTER SYSTEMS 

• Systems Analysis and Evaluation 

• Operations Research 

• Self-Test and Maintenance 
Engineering 

• Logical Design 

• Transistorized Digital Circuits 

• Digital Memory Devices 

• Advanced Displays 

• Servomechanisms and Feedback 
Amplifier Design 

• Digital Data Organization and 
Transmission 

• Voice Communication and 
Modulation Techniques 

-1 
[ HUGHES 1 
HUGHES AIRCRAFT COMPANY 

FULLERTON RESEARCH & DEVELOPMENT 

For further information or 
interview appointment, visit, 
write or telephone (collect): 

Mr. B. P. RAMSTACK 

Hughes Aircraft Company 
P.O. Box 2097 
Fullerton 5, Orange County, 
California 
Call: TRojan 1-4080, Ext. 3741 
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Give your Products 

MORE RELIABILITY and 
BETTER PERFORMANCE with 

FREED 
QUALITY 

IN STOCK FOR IMMEDIATE DELIVERY 

CONSTANT VOLTAGE 
TRANSFORMERS. 

Meets Military 
Specifications 

No Tubes 

No Moving Parts 

S,le I 

Accurate Regulations 

Fast Response 

Fully Automatic 

MIL Type Commercial Type 
Here at last is a hermetically sealed magnetic 
voltage regulator that will provide constant 
output voltage regardless of line and/or load 
changer. 

SUPPLIED EITHER MIL. OR COMMERCIAl 

CAT. Ix 
INPUT 
VOLT, 

LINE 
MO. 

OUTPUYOUTPUT 
VOLT. VA. 

MCV• 6201. 95.130 NI 60 cps. 115 20 
MCV• 670L 95.130 v 60 cps. 115 70 
MCV-6130L 95-130 y 60 cps. 115 130 
MCV- 6709 95.130 Y 60 cps. 6.4 70 
MCV•6130F 95.130 v 60 cps. 6.4 130 
MCV• 420F 95.130 y 400 cps. 6.4 20 

41811INIMIBBIll 

1.1."-- • He•metically Sealed To MIL 
Specifications 

• No Tubes 

• Direct Operation from Line Voltage 
• Fast Response 

• Long Life Trouble Free Operation 
• Phase Reversible Output 

,e------ Power Gain 2 x 10, ---4, 

MAGNETIC AMPI 

Transistor 
Preamp. 

MAT-

WI. 10 oz. 

Mag. Amp. 

MAF•5 

Wt. 8 oc. 

Motor 

I I I 
10 20 30 40 

PARTIAL LISTING ONLY 

WRITE FOR FURTHER INFORMATION ON THESE 
UNITS OR SPECIAL DESIGNS. 

Send for NEW to page transformer catalog. Also ask 
for complete . aboratory test in,tlument catalog. 

FREED TRANSFORMER CO., INC. 
1722 Weirfield St., Brooklyn (Ridgewood) 27, N. Y. 

Mario,, of Minneapolis U. S. Wire & Cable Company  26 
il  vwell Regulator Co  103 

Marken' Machine Co  102 

MacI ))))) aid Inc., Samuel K  136 

• McGraw-Hill Book Co  120 

Microwave Associates Inc  119 

• Minneapolis-Doneywell, Boston Div  lei 

minnesolu, St 41,1. of  123 

Mueller Electric Co  97 

Nat lanai .1 ennui ut ics and Space 
Administ rat ion   

Ness. Departure   

Olimite Mfg. Co  

• Packard Bell Electronics  

Utica Drop Forge & Tool Division, 
Kelsey-Hayes Company   39 

• Variais Associates   10 

Vickers Incorporated   51 

Waltham Precision Instrument Co 23 

1G Wayne Kerr Corporation  128 

'la WeekeSser Co.   105 

• Weinscliel 'Engineering   II 

• Weston Instruments. 
Division of Daystrom, Inc  47 

O 

55 

• PIC Design Corp  123 

• Power Sources, Inc  103 

Precision Tube Co  87 

• Radio Corporation of America..4th Cover 

• Raytheon Company 17, 18, 114, 2nd Cover 

• Sanborn Company   

Sangria ttttt Electric Co 86. 

• Sierra Electric ('o  

• Sigma Instruments, Inc  

• Sorensen & Co  

• Southern Electronic Corp  

Sprague Electric Co  5 

Stackpole Carl  Co  42 

Standard Electric Time Co  108 

• Stevens-Arnold. Inc.   115 

• Storldart Aircraft Radio Co., Inc  49 

• Superior Cable Corp  82 

• Sylvania Electric Products, Inc. 
Semis Met or Division   25 

'Tektronix, Inc.   37 

• Telechr ttttt e Mfg. Corp  29 

• Texas Instruments, Incorporated 
Semiconductor-Components Division 

Ti  It  Wooldridge 
Tapco tiroup   

CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 

EMPLOYMENT OPPORTUNITIES.129-136 

BUSINESS OPPORTUNITIES   129 

ADVERTISERS INDEX 

Avco Corp. Crosley Div  134 

Beckman Instruments Inc. Systems Div  136 

101 Christie Electric Corporation  129 

87 Continental Oil Company  129 

31 Dorsett Laboratories Inc  136 

100 Fidelity Personnel   129 

SI General Electric Company  136 

48 Honeywell   130 

International Business Machines Corp  133 

Lenkurt Electric Company. Inc  136 

Lockheed Electronics Company  134 

Magnavox Company, Government Div  132 

National Cash Register Company Elec-
tronics Div.   131 

Raytheon Company. Commercial Appara-
tus & Systems Div  130 

Republic Aviation   136 

Stromberg-Carlson, Div. of General Dy-
namics   135 

• See advertisement in the June, 1959 Mid-Month 

21 ELECTRONICS BUYERS GUIDE for complete line 
of products or services. 

22 

• Tung-Sol Electric, Inc  81 

• Ultek   116 

U. S. Navy Repair Facility  123 

This index is published as a service. Every care is taken 
to make it accurate. hut ELECTRONICS assumes no 
responsibilities for errors or omissions. 
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In PREC-1 -"" e" " RES!STORS if it's news, expect it first from IRC 

Ammeleamm....---

11 ---- --
eashie..... 

Precision Film advantages offered economically 

by IRC Stabaloy Resistors with TO not exceeding 150 ppm 

IRC Stabaloy resistors feature an element produced by 

an exclusive IRC process. It is free from the inherent 

problems associated with wire wound precision resistors, 

and provides a saving of over 50% in size and weight. 

Capacitance and inductance are inherently low so that 
Stabaloy resistors are ideal for high frequency applica-
tions. Voltage coefficient is negligible. 

IRC Stabaloy resistors have a maximum temperature 
coefficient of ± 150 ppm, and they provide the operating 

100 
123° 

RO 

40 

20 

o 

DERAT NG CUM 

1 
20 40 60 SO 100 120 140 160 17$ 

AMMENT TEMPERATURE 

1 

characteristics of precision resistors costing much more. 

IRC Stabaloy resistors are available in 3 standard 

sizes— % watt, 34 watt and % watt. The illustrations 
above are actual size. Standard tolerance is ±1.0%. 

Tolerance of ±0.5% is available. For most of the advan-

tages of precision film resistors at an economical price, 

examine carefully the characteristics of IRC Stabaloy 

resistors, Write for Bulletin AE-10. International Resis-

tance Co., Dept. 375, 401 N. Broad St., Philadelphia 8, Pa. 

haracteristics of precision resistors costing much more. 

IRC Stabaloy resistors are available in 3 standard 

sizes— % watt, 34 watt and % watt. The illustrations 
above are actual size. Standard tolerance is ±1.0%. 

Tolerance of ±0.5% is available. For most of the advan-

tages of precision film resistors at an economical price, 

examine carefully the characteristics of IRC Stabaloy 

resistors, Write for Bulletin AE-10. International Resis-

tance Co., Dept. 375, 401 N. Broad St., Philadelphia 8, Pa. 

'Registration pending. 
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Aiding 

the world 

of electronics... 

for 25 years 

The Famous RCA Tube Handbook HB-3...bible 

of the electronics industry.., marks its Silver Anniversary Year in 1960 

For a quarter-century the famous RCA HB-3 Tube Handbook has played a key role in the amazing growth 

of electronics. Starting in 1935 as a single binder of some 200 pages, it has grown to a five-binder set con-

taining over 4,200 pages of indispensable electron tube data—the most authoritative, respected reference of 

its kind. Its young companion volume, the HB-10, gives similar data on semiconductor devices. 

To help put the world of electronics at your fingertips, consult these handbooks for vital data on RCA electron 

tubes and semiconductor devices. Subscription information is available from your Authorized RCA Electron 

Tube and Semiconductor Products Distributor, your RCA Field Representative, or RCA Commercial 

Engineering, Section E-19-DE, Harrison, N. J. 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


