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NEW 5-WATT TRAVELING WAVE TUBE DESIGNED FOR MICROWAVE RELAY LINKS 

The versatile modulation characteristics 

of this broadband power amplifier are 

particularly well suited for microwave 

communication applications. The tube, 

identified QK-542, is a permanent-magnet 

focused CW type, operates in the 5,900 to 

7, 400 Mc frequency range, and has a nominal 

saturated power output of 5 watts. 

High amplification over a wide range of 

power levels results in small-signal gain 

of up to 35 db. A special control elec-

trode facilitates low-voltage pulsed or 
amplitude modulation. 

The tube is supplied with an integral wave-
guide coupler package which accommodates 

UG 344/U waveguide-type flanges. When 
supplied with an optional coaxial output 

coupler package, tube will operate over 

the 4,000 to 8,000 Mc range. 

40 

30 

Stl 20 

10 

POWER OUTPUT AND GAIN 
vs 

POWER INPUT 

Gan, (db) 

te 
tip 

e 

-20 -10 

POWER INPUT (DEINI) 

-1 10 

Excellence in Electronics 

Typical Operating Characteristics 

Frequency Range 5,900 to 7,400 Mc 
VSWR (Input and Output) 2.1:1 max. 
Small-Signal Gain 32 to 35 db 
Gain (Saturation) 25 to 27 db 
Power Output 5 watts 
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You can obtain detailed application information 

and special development services by contacting: 

Microwave and Power Tube Division, Raytheon 
Company, Waltham 54, Massachusetts 
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Model 961 Group Instruments 

D-C 

liege eee 
THESE WESTON 
RECTANGULARS 
LEAD THE FIELD 
The well-balanced design, fine appear-
ance and desirable features of these 

Weston instruments reflect a 70-year 

tradition of fine engineering and crafts-

manship. If you're not already well 

acquainted with these notable models, 
look over this check list — you'll not find 

better value anywhere. 

For full information, contact your 

local Weston representative . . . or write 

to Weston Instruments, Division of 

Daystrom, Inc., Newark 12, N. J. 

In Canada: Daystrotn Ltd., 840 Cale-
donia Rd., Toronto 19, Ont. Export: 

Daystrom International, 100 Empire 

St., Newark 12, N. J. 

A-C 

A-C 

O000 

O000 

O000 

O000 
O000 
O0 
00 
O0 

Model 741 Group Instruments 

D-C 

Long scales (Model 961 Group: 3.17" ... Model 
741 Group: 3.24" A-C and 3.52" D-C) 

Excellent natural illumination (self-contained 
lighting optional) 

High rated accuracies (Model 961 Group: 2% of 
full scale value . .. Model 741 Group: 1%) 

High sensitivities ... low response times 

Excellent torque-to-weight ratios 

Dielectric test — 5000 volts A-C 

Group includes A-C rectifier type instruments 

D-C and rectifier type instruments have mag-
netic shunts for precise adjustment 

These instruments are particularly suitable for a wide variety of spe-
cialty applications where other than cataloged accuracies are desirable. 

WESTON 
riderlYSTI4UNII 

1111[1110' 
WORLD LEADER IN MEASUREMENT AND CONTROL 
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Lambda Power Supplies specified 
for newest radar installation 

"Off-the-shelf" Lambda power supplies 
—modified only with special panels, MIL 
meters and tubes—will be part of the 
complex radar equipment housed in the 
85-foot tower at Thomasville, Alabama, 
one of four identical installations. 

Meet MIL-E 4158 environmental test requirements 
Sperry Gyroscope Co., operating under the technical guidance of the 
Rome (N.Y.) Air Development Center, is producing the new SAGE 
radar equipment (AN/FPS-35). The power supplies employed to 
power transmitters and receivers must be able to pass stringent tests. 

Sperry's choice: Lambda's C OM-PAK®, already widely used as a 
component in many rocket and missile programs. 

All Lambda stock industrial power supplies are made to MIL quality 
and guaranteed for five years. They are pictured and described in a 
new 32-page catalog. Write for your copy. 

LAMBDA ELECTRONICS CORP. 
11 -11 131 STREET • COLLEGE POINT 56, NEW YORK 

INDEPENDENCE 1-8500 CABLE ADDRESS: LAMBDATRON, NEW YORK 
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TWO IF BY SEA. Navy men frequently warn against preoccupation 
with defense tactics guarding against possible attack over the North 
Pole by bombers and missiles, while overlooking an equal menace. 
The Soviet Union has about 450 submarines in operation. Most 

are post-World War II types, snorkel-equipped, with wide cruising 
ranges. Some probably have missile-launching capabilities. 

It is a poorly kept secret that these subs are already probing our 
off-shore defenses from Hawaii to Cape Canaveral. Missile-launching 
submarines off both coasts could make every point in the U.S. 
vulnerable to ballistic missile attack. 

How we are gearing up to combat the Soviet submarine menace 
is a fascinating story. Half the Navy's combatant force is being 
equipped to detect subs. 

First, there is the story of new detecting equipment to supplement 
ccnventional sonar and the far-flung hydrophones of the Caesar 
Curtain (ELECTRONICS, p 15, June 27, '58). These new detectors 
include sensors that see in the dark and under water, smell out diesel 
fumes from the air, pinpoint radar signals and other electromagnetic 
emission. 

Almost every plane of our airborne hunter-killer fleet of several 
hundred patrol planes will be a flying combat information center. 
Automatic equipment tying in detection devices to the latest elec-
tronic navigation equipment, computers and display equipment will 
translate raw data into position and course signals presented visually 
to the pilot, enabling him to move in for the kill. 
There are challenges aplenty in antisub warfare, too. What about 

a detection method without the limitations of sonar? Submerged 
subs can receive very-low-frequency radio signals. Could these 
same signals set up a pattern in which the presence of a sub would 
sound the alarm? 

Could Navy sub hunters perhaps learn from the geophysicist, who 
uses magnetometers, seismic equipment, gravity meters. radiation 
detection gear and earth-current measurements so effectively to 
locate oil deposits far below the earth's surface? 
The field is wide open for our industry to come up with new ideas 

for Navy's new, rapidly-expanding antisubmarine warfare program. 
Associate Editor Mason wraps up the story of challenges and 

accomplishments in electronic sub hunting in his story beginning 
on p 20. 

Coming In Our July 10 Issue . . . 

RADAR INTERFERENCE. The widespread use of radar systems 
today, and the use of high-power transmitters and sensitive receivers 
in radar systems, have created a problem of grave concern to defense 
and air safety officials. Mutual radar interference can disrupt com-
munications, send a target drone off its course, cause an expensive 
missile test to end disastrously. K. H. Chase and J. L. Pierzga of 
Sperry Gyroscope Co., in their significant article, describe methods 
which must be employed to reduce the effects of interference in 
the frequency and time domains. 

ELECTROLUMINESCENT DISPLAY. Use of electroluminescent 
panels in display devices for readout of numerical and symbolic 
information presents many unique advantages. Reliability and effi-
ciency are high. R. C. Lyman and C. I. Jones of Westinghouse 
describe an automatic visual display system, constructed entirely of 
solid-state elements, which uses electroluminescent elements as 
planar indicators. 
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SPRAGUE® RELIABILITY 
in these two dependable 
wirewouncl resistors 

MINIATURE 

VITREOUS -ENAMELU POWER RESISTORS 
Sprague's new improved construction gives even 
greater reliability and higher wattage ratings to fa-
mous Blue Jacket miniature axial lead resistors. 
A look at the small actual sizes illustrated, em-

phasizes how ideal they are for use in miniature 

electronic equipment with either conventional wir-
ing or printed wiring boards. 

Get complete data on these dependable minified 
resistors, write for Engineering Bulletin 7410. 

TAB-TYPE BLUE JACKETS: For industrial applica-
tions, a wide selection of wattage ratings from 5 to 
218 watts are available in Sprague's famous Tab-
Type Blue Jacket close-tolerance, power-type wire-
wound resistors. Ideal for use in radio transmitters, 
electronic and industrial equipment, etc. For com-
plete data, send for Engineering Bulletin 7400A. 

NEW SMALLER SIZE 

MON 
INSULATED-SHELL POWER RESISTORS 

New Koolohm construction features include welded 
leads and winding terminations—Ceron ceramic-

insulated resistance wire, wound on special ceramic 
core—multi-layer non-inductive windings or high 
resistance value conventional windings—sealed, in-
sulated, non-porous ceramic outer shells—aged-on-
load to stabilize resistance value. 

You can depend upon them to carry maximum 
rated load for any given physical size. 

Send for Engineering Bulletin 7300 for complete 
technical data. 

SPRAGUE ELECTRIC COMPANY 
35 MARSHALL STREET • NORTH ADAMS, MASS. 

SPRIIGUE® 
THE MARK OF RELIABILITY 

SPRAGUE COMPONENTS: RESISTORS * CAPACITORS 6 MAGNETIC COMPONENTS o TRANSISTORS 

INTERFERENCE FILTERS • PULSE NETWORKS é HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS 
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DYNAMIC 

CAREERS 

ARE PAR 

AT LINK 

AVIATION 

To the engineer who wants to get out of the 

traps, Link - Binghamton offers a clear shot at a 

good career and good living. 

Link Aviation, a leader in flight simulation, has 

expanded its activities into a wide range of related 

systems fields, including optical and visual 

display, radar simulation, and industrial process 

simulation and control. 

The advantages enjoyed by professional men at 
Link - Binghamton are many. Tuition-paid 

advanced study. Generous hospital, health and 

retirement plans. Excellent salaries. And a 

working atmosphere on a par with the finest. 

If your qualifications include experience with 
radar simulators, automatic checkout equipment, 

optical systems, electronic packaging, analog 

or digital computers, contact us at once. 

Write to Mr. A. H. Darrah 

Link Aviation, Inc., Binghamton, New York 

LINK I A 
GENERAL 
PRECISION 
COMPANY 

LINK AVIATION, INC. 
A subsidiary of 
General 
Precision 
Equipment 
Corporation 
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KEEP IT ORIENT 

Who Discovers the Discoverers? 
"A professor can never better distinguish himself in his work 
than by encouraging a clever pupil, for the true discoverers are 
among them, as comets amongst the stars." CARL LINNAEUS 

Somewhere in this mighty land of ours, a gifted youth 
is learning to see the light of tomorrow. Somewhere, 
in a college classroom or laboratory, a dedicated teach-
er is gently leading genius toward goals of lofty attain-
ment. Somewhere the mind of a future discoverer—in 
science, engineering, government, or the arts—is being 
trained to transcend the commonplace. 

Our nation has been richly rewarded by the quality 
of thought nurtured in our colleges and universities. 
The caliber of learning generated there has been re-
sponsible in no small part for our American way of life. 
To our college teachers, the selfless men and women 

who inspire our priceless human resources, we owe 
more than we will ever be able to repay. 

Yet how are we actually treating these dedicated 
people? Today low salaries are not only driving gifted 
teachers into other fields, but are steadily reducing the 
number of qualified people who choose college teaching 
as a career. At the same time, classrooms are begin-
ning to get overcrowded. In the face of this, college 
applications are expected to double by 1967. 

This is a severe threat to our system of education, 
to our way of life, even to our very existence as a 
nation. Our colleges need help—and they need it now! 

If you want to know more about what the college crisis means to you, and what you con do 
:HIM" aleUean ON  to help, write for a free booklet to: HIGHER EDUCATION, Box 36, Times Square Station, 

New York 36, New York. 

Sponsored as a public service, in cooperation with the Council for Financial Aid to Education 
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CAN A SYNCHRO 
MAINTAIN ACCURACY 

÷85°C 

Itelay precision 
components: 
SYNCHROS 
RESOLVERS 
POTENTIOMETERS 
SERVO MOTORS 
TACHOMETERS 
SERVO AMPLIFIERS 
GYROSCOPES 

Catalogues available 

OVER A WIDE RANGE 
OF TEMPERATURE? 
Synchros have to take punishment. They are often exposed to blistering 
heat and stratospheric cold. .. and they still must operate accurately. 

Naturally, Ketay synchros meet and surpass the new MIL-S-20708A 
ambient temperature requirement of —55° to 85° C. (or to 75° C. for 
size 23). Even more important, they give you a remarkable 6 minute 
accuracy over this whole temperature range. 

Ketay is the only source currently manufacturing and shipping a complete 
line of the new Mil-type synchros. They are available in production 
quantities in sizes from 8 to 23, with 60 cps units as small as size 15. 
Because of their superior accuracy, with some units offering 3' accuracy at 
room temperature, Ketay synchros one or more sizes smaller than 
previously required may often be used. 

Ketay engineers are working on many advanced environmental and 
accuracy problems in developing prototype systems, and have an unusual 
degree of experience in high temperature work. Why not call or write 
for help in solving your special problems? 

k 

* NORDEN * Division of United Aircraft Corporation 

KETAY DEPARTMENT, Commack. Long Island, N.Y. 
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Development of klystrons began 20 years ago—at SPERRY 

SAL 39 

SAL 39A 

SAL 8S 

Today—in addition to facilities in Great Neck— 
Sperry has this modern plant and laboratory in 
Gainesville, Fla. devoted to klystron development. 

SPECIFICATIONS: 

Frequency ... 960 to 1215 mc 

Peak Power Output ... 37 kw 

Power Gain ... 30 db 

Grid Bias (Neg.) ... 1% of Beam 
voltage 

Grid Drive (Pos.) ... 2.1% of Beam 
voltage 

Dimensions ... 211/2 " x 101/2 " 
x 73/4 " 

Weight ... 45 I bs. 

SPERRY'S NEW PULSE AMPLIFIER KLYSTRON 
FOR AIR NAVIGATION AND TRAFFIC CONTROL 

SAL-219 is the latest and most advanced 
addition to the Sperry family of pulsed 
amplifier klystrons. Soon going into 
operational use, this new three-resonator 
amplifier was developed for current air-
navigation-aid applications. And, typical 
of Sperry's contributions in the tube 
field, modifications of SAL-219's basic 
performance characteristics will suit it 
to a variety of future applications. 
SAL-219 has a high-mu control grid, 

greatly reducing the required modulator 
power. A space-charge focused beam 

reduces weight, size and power require-
ments by eliminating the need for focus-
ing magnets. A powerful and "clean" 
R.F. signal can be provided at any fre-
quency through the wide range of 960 
to 1215 mc. Integral R.F. cavities are 
continuously tunable and a ceramic seal, 
terminated in a standard 1% " coaxial 
connector, easily accommodates the high 
peak power level of the R.F. output. 

Sperry originated this design concept 
of klystrons for the aeronautical radio 
navigation frequencies, and has steadily 

improved the product in terms of cost, 
size, performance, versatility and life. 
This design concept can result in tubes 
useful in other applications. For further 
information on our development capa-
bility or specific microwave tubes, write 
or phone nearest Sperry district office. 

SPERRY 
SPERRY ELECTRONIC TUBE DIVISION, SPERRY RAND CORPORATION, GAINESVILLE, FLORIDA 
Address all inquiries: Gainesville, Florida or Sperry offices in Brooklyn • Boston • Los Angeles • Montreal • Export Dept., Great Neck,.New York 
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EIMAC PIONEERED INTERNAL—ANODE TETRODES— 

PERFORMANCE LEADERS FOR OVER A DECADE 

Developed and introduced to the in-
dustry in the mid 1940's, Eimac's line 
of internal-anode radial-beam tetrodes 
immediately received widespread and 
enthusiastic acceptance. Well over a 
million have been sold since that time. 
These tubes, quality leaders from the 
very start, still maintain that position 
through advanced processing tech-
niques, inherently sound design and 
continuing concern with production 
refinements. 

Clean electrode design, for example, 
and the exceptionally hard vacuums 
achieved on Eimac-developed rotary 

vacuum pumps, resuft in consistently 
reliable tubes with an exceptional 
ability to withstand high momentary 
overloads and peak powers. Rugged 
filament design with high reserve 
emission contributes greatly to their 
reliability and long life. 

Stable operation at high frequencies 
is assured by low inter-electrode ca-
pacitances and low lead inductances. 
Driver requirements and associated 
circuitry are simplified by the high 
power gain and low driving power 
requirements of these tube types. 
These features, plus other Eimac 

design innovations such as the Pyro-
vac* plate and non-emitting grids 
make Eirnac internal-anode tetrodes 
your logical choice for new equipment 
designs, as well as tube replacements, 
when exceptional performance and 
reliability are required. Most types 
available for immediate delivery. 

•Registered Trademark 

EITEL-McCULLOUGH, C NC. 

San Carlos, California 



BUSINESS THIS WEEK 

ELECTRONICS NEWSLETTER 

TUNNEL DIODE with performance characteristics 
similar to those of the parametric amplifier is 
reported by Radio Corporation of America. Fab-
ricated from a piece of germanium 3/1,000-of-an-
inch in diameter, an experimental unit has been 
operated above 1,000 mc using the negative resist-
ance principle. RCA says potential range of the 
device is beyond 10,000 mc. Potential use as a 
memory element for advanced computers is also 
seen. The company says it is developing new 
electronic computing techniques that approach 
the operating limits imposed by the speed of light. 
Techniques based on microwave principles have 
reportedly been used to add two digits at a speed 
of 500 million times a second. 

Electronic measurement of human blood flow rate is being 
developed at the University of California. Process 

4- makes use of a magnetic field and the absorption of 
radio energy by protons of hydrogen atoms in the water 
contained in the blood. 

4 

MULTIBEAM RADAR SYSTEM AN/FPS-7, first in 
a new high power series, has been delivered by 
GE's Heavy Military Electronics Dept. to the Air 
Force for use with the SAGE air defense system. 
GE says the new system can detect planes at 
significantly higher altitudes and longer ranges 
than present defense radars, provides faster 
target data as well. R-f power is generated by 
a five-foot high, multimillion-watt klystron tube 
jointly developed by Rome ADC and GE's Power 
Tube Dept. "Varifocal" antenna, operating on 
multibeam principle, feeds several narrow beams 
instead of one broad beam to a seven-ton antenna. 
This antenna, which uses a 40 x 18-ft reflector 
and rotates 360 degrees, then focuses the pulses. 
Overall system is housed in a 50-ft radome. 

Automatic reading of typewritten sheets and conversion 
of 200 characters per second into electrical signals is 
accomplished by the Print Reader X-2021. Develop-
ment by Intelligent Machines Research division of 
Farrington Manufacturing Co. has just been announced 
by USAF's Air R&D Command. Machine will enter 
information into data processing gear, eliminating key-
board operators. Air Force says 30 such machines could 
read and process data at a rate of 10 million pages a 
year. 

PACIFICS TELEPHONE CABLE carrying 100 cir-
cuits or more is being planned by the American 
Telephone and Telegraph Co. and the Japanese 
Overseas Communication Co. (Kokusai Denshin 
Denwa). The companies have not yet signed a 
contract and final design details have not been 
set, but negotiations towards these ends are re-
ported in progress. It is understood that the 
cable system will consist of a single two-way 

cable from Hawaii to Japan using rigid repeaters. 
Such a system could be linked to existing facili-
ties between Hawaii and the West Coast. De-
velopment of the system, including the rigid 
repeaters, is underway at Bell Telephone Labora-
tories. The present trans-Atlantic twin telephone 
cable system uses flexible repeaters of American 
design in its deep-sea portion and rigid repeaters 
of British design in the shallow-water sections. 

MILITARY-CIVIL AIR TRAFFIC CONTROL using 
joint facilities will be investigated by IBM's Fed-
eral Systems division under a Federal Aviation 
Agency study contract. Both technical and eco-
nomic factors will be analyzed. Use of radar and 
other position flight information will be studied; 
overall data processing and communications 
needs will be determined. Departments of Com-
merce and Defense are cooperating. IBM's asso-
ciation with the SAGE defense project suggests 
the possibility that the use of SAGE for civilian 
air traffic control might be considered. 

Long Island Electronic Manufacturers Council is spear-
heading a drive to increase the facilities of the Adelphi 
Research Center, Mineola. Aim: a basic research center 
of national stature from which industry in the area 
may profit in the future. 

UNATTENDED WEATHER OBSERVATORY that 
transmits data by means of a teletypewriter 
system has been developed for the Army by 
Specialty Electronics Development Corp., Syosset, 
N. Y. Equipment is housed in a 7 x 7 x 8 ft steel 
cubicle. It reports in 15 seconds by teletypewriter 
code the station's identification, air temperature 
from minus 40 to plus 120 F, dew point tempera-
ture, wind direction and velocity, barometric 
pressure and rainfall; unit can also be equipped 
with radiation monitoring and warning instru-
ments. Firm says its automatic stations, placed 
at key points in remote areas, would add sub-
stantially to the accuracy of weather forecasts. 

SOLAR FLARE EMISSIONS of ultraviolet and 
x-rays will be studied by the Naval Research 
Laboratory under a $250,000 National Science 
Foundation grant. Instrumented Nike-Asp rock-
ets are slated to "explore wavelengths and alti-
tudes at which only rudimentary observations 
have heretofore been made." Instruments will 
include Geiger counters to measure x-rays in the 
1-10 angstrom range, x-ray detectors for wave-
lengths of 8-20 and 44-60 angstroms, scintillation 
counters sensitive to hard x-rays in the 20-500 
kilovolt range, and ion chambers sensitive to 
helium emission lines at 584 and 314 angstroms. 
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for 

from 

PRECISION 

MEASUREMENTS 

50 to 
10,500 mcs 

WEINSCHEL 
100% Square Wave 

MODULATED RF SOURCES 
Offer High Amplitude 
and 

Frequency Stability 

Model MS-6 

Output Amplitude Independ-
ent of Load 

Feedback circuit maintains con-
stant incident power, allowing 
use of full generator output with-
out power consuming impedance 
masking. 

Amplitude Stability 
After one* hour warm-up and 
without feedback circuit: ± 0.1 
db/hr. With regulator and ex-
ternal directional coupler, the in-
cident power will change less than 
0.2 db for a change in load of 
from 25 to 150 ohms. With a volt-
age probe, the voltage varia-
tion is reduced by 10:1 by feed-
back. 

Model No. Frequency 
MCS 

Minimum Peak 
Power Output 
(100% sq. 

Wave Modulated) 

MS-1 
MS-2 
MS-3 
MS-4 
MS-5 
MS-6 

50-250 
250-920 
900-2000 

2000-4200 
4000-7300 
7200-10,500 

80MW 
200MW 
100MW 
60MW 
40MW 
30MW 

Write for complete specifications. 

Weinschel Fixed Coaxial Attenuators 

cover the frequency range of DC to 12 KMC. 

Write for complete catalog, 

specifying frequency 

range of interest. CO 

Weinschel Engineering 
KENSINGTON, MARYLAND 

WASHINGTON OUTLOOK 
A NEW TONE OF HOSTILITY toward the interests of larger military contractors 
is developing in Washington. 

It is represented by such things as these: 

The furor over a so-called "munitions lobby"; the upcoming Congres-
sional probe into employment of retired military brass by contractors; 
growing opposition to measures such as the Saltonstall Bill to encourage 
"weapon system" management and negotiated procurement; and new 
attempts to spur the Pentagon into a greater volume of advertised buying. 

Still more antagonism is reflected in the Senate Finance Committee's 
vote to kill House-passed provisions to liberalize the controversial Rene-
gotiation Act. In renewing the law, which expired June 30, for 2? years, 
the committee turned down the House amendments to simplify contractors' 
appeals from Renegotiation Board rulings. 
The Senate committee also called for a broad-gaged investigation of 

defense procurement policy and of the renegotiation program itself. The 
new investigation will provide still another sounding-board for lawmakers 
who want more restrictions on munitions business. Electronics producers 
who are getting an increasing share of military contracts stand out as 
the likeliest targets for Congressional criticism. 

• The Defense Dept.'s latest roster of top military contractors points 
up the electronic trend in procurement. A greater number of com-
panies essentially in electronics shows up in the top 100 firms. Many 
other old-line defense producers continue to rate high on the basis 
of diversification into the electronics industry—such as NA AGM. 
The new roster, which covers calendar 1958, also demonstrates 

the growing concentration of defense business among fewer com-
panies—providing the industry's Congressional critics with more 
ammunition. The top 100 contractors accounted for 74 percent of 
major prime contracts, compared to 69.1 percent in calendar '57. 

Boeing Airplane Co. tops the list, as it did last time, with $1.9 
billion worth of prime contracts. Next in line are General Dynamics, 
General Electric, Lockheed, North American Aviation, AT&T, 
Douglas Aircraft, Hughes Aircraft, Martin, and Sperry Rand. 

Following are leading electronics companies which rank next: 
IBM, 11th on the list, $417.6 million worth of contracts; RCA, #15, 
$356.1 million; Raytheon, #18, $274.1 million; Westinghouse, #19, 
$271.6 million; Bendix, #21, $243.7 million; ITT, #25, $135.8 million; 
Burroughs, #29, $107 million; Avco, #31, $102 million; Minme-
apolis-Honeywell, #34, $86.1 million; American Bosch Arma, #35, 
$85.4 million; Collins Radio, #36, $84.4 million; Thompson Ramo 
Wooldridge, #44, $71.9 million; Philco, #46, $71.5 million. 

• The Pentagon is compiling the first comprehensive listing of retired 
military brass on the payrolls of defense contractors. Meantime, 
Sen. Paul Douglas (D., Ill.) has gotten his hands on a preliminary 
list and has presented it on the floor of the Senate. Douglas' list 
shows that 88 major contractors employ 721 retired officers with the 
rank of Colonel or Navy captain or higher. 

But Douglas' listing is somewhat exaggerated since it includes 
career industrialists who hold or have held reserve commissions. 
RCA's Brig. Gen. David Sarnoff, for instance, is included. 

Here's a rundown of electronics company payrolls: AT&T, 1 retired 
senior officer; Avco, 4; Bendix, 14; Collins Radio, 5; GE, 35; Hughes, 
7; IBM, 3; ITT, 24; Lear, 2; Philco, 17; RCA, 39 (including Sarnoff) ; 
Raytheon, 17; Sperry Rand, 12 (excluding Gen. MacArthur) ; Syl-
vania, 6; Thompson Ramo Wooldridge, 6; Westinghouse, 33; System 
Development Corp., 2. 

.4 
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• CLEVITE 

SILICON 
JUNCTION 
DIODES 

ACTUAL SIZE 

250 MW Package . . . 
Fast Switching and General Purpose Types 
Featuring . . . 

MECHANICAL RELIABILITY — Rugged, hermetically sealed, 
subminiature packages. Designed to meet both military and 
commercial requirements. 

ELECTRICAL SUPERIORITY — Excellent high temperature 
operation . . . thermally stable . . . high forward conductance 
. efficient rectification. 

PRODUCT UNIFORMITY — Tight manufacturing controls. 

For details, write for Bulletin B217A-1 B217A-2 

CLEVITE 
TRANSISTOR PRODUCTS d 
241 CRESCENT ST., WALTHAM 54, MASS. 

TWinbrook 4-9330 

TECHNICAL DATA 

Max. DC Forward Current Max. Inverse Current 
Type Inver. Oper. @ Specified i 

Voltage Voltage i@ 25 C @ 150`C 
— 

I N457 

1N458 

1N459 

1N662 

1N663 

1N778 

1N779 

60 V 

125 V 

/75 V 

90 V 

90 V 

100 V 

175 V 

20 ma @ 1.0 V 10.025 pa 5.0 pa 

7 ma @ 1.0 V 0.025 pa 5.0 pa 

3 ma@ 1.0 V 0.025 ga 5.0 IA 

Test 
Volts 

60 V 

125 V 

175 V 

10 ma @ 1.0 V 20 pa 100 pa (@ 100° C) 50 V 

100 ma @ 1.0 V 5.0 pa 50 pa (@ 100° C) 75 V 

10 ma @ 1.0 V 0.5 pa 30 pa (@ 125° C) 100 V 

10 ma @ 1.0 V 0.5 pa 30 pa (@ 125° C) 175 V 

Cleveland Graphite Bronze • Brush Instruments 

Clevite Electronic Components • Clevite Harris Products 

1VISION Of Clevite Ltd. • Clevite Ordnance • Texas Divusion 

Clevite Research Center • Intermetall G.m.b.H. 

Silicon Junction Diodes Germanium Diodes Power Transistors Solder Lug Power Transistoi 



A NEW DIMENSION IN DIGITAL "READOUT"... 

THE 
INSTRUMENT 
THAT READS 

ITSELF! 

THE CUBIC 

TALKING METER 
A world of exciting applications with a dimension 

never before engineered into precision digital instrumentation: 
A METER THAT TALKS! 

Where physical set-up factors prevent line-of-sight meter readings 

Where safety requires that the eyes stay on the work area 

V Where voice "readout" creates previously unknown convenience 

Where a combination of sight and sound gives impression impact 

NOW 
Instrumentation with two sensory dimensions . 
an edge-lighted digital readout 
and a clear human voice! 

Conversion of any phenomenon of science to a 
DC voltage . . . pressure, temperature, depth, 
volume, salinity, countless weights and mea-
sures . . . provides a typical application for the 
Cubic Talking Meter, the instrument that reads 
itself! 

Electronic Engineering 

UBIC 

Vocameter—the Talking Meter—is the newest 
addition to Cubic Corporation's line of quality 
Digital instruments. Write today for information 
about the Talking Meter and these other pre-
cision instruments: Voltmeters, AC Converters, 
Ohmmeters, Scanners, Ratiometers, Printer 
Controls, Preamplifiers. 

CORPORATION 
5575 Kearny Villa Road, San Diego 11, California 

With a Dimension for the Future 
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FINANCIAL ROUNDUP 

New Rule Checks Traders 
SOME ELECTRONICS STOCKS may be 
among those affected by a new rul-
ing now in operation at the Amer-
ican Stock Exchange on the recom-
mendation of the Securities and 
Exchange Commission. 
The rule is designed to (1) pre-

vent floor traders from buying stock 
at successively higher prices and 
(2) restrict the possible impact of 
trading activities on what SEC 
terms "active" or "volatile" stocks. 

Specifically, the new regulation 
restricts floor traders from stim-
ulating public interest in a stock 

4 by engaging in overly active and 
concerted buying; and enjoins 
against aggravating demand on is-
sues susceptible to extreme price 
fluctuations because of a small float-
ing supply of stock. 
The rule imposes the following 

restrictions on floor traders in a 
rising market: it prohibits them 
from buying stocks on their own 
bids at a price higher than the last 
sale. It limits the amount of offered 
stock which floor traders may pur-
chase at a given price if that price 
is higher than the next preceding 
different price. Also, after these 
limited amounts of stock have been 
purchased, floor traders as a rule 
will not be allowed to make further 
purchases at the same or higher 
prices for a 15-minute period. 
The rule, which will remain in 

effect for six months on an experi-
mental basis, contains a number of 
exceptions to permit traders under 
appropriate conditions to help main-
tain a fair and orderly market. 

• Topp Industries, Los Angeles, 
announces acquisition of U.S. 
Semiconductor Products, Inc., 
Phoenix, Ariz. The transaction is 
an outright purchase under which 
66,787 shares of Topp common 
stock, plus $2,800, are being given 
for the semiconductor manufac-
turing concern. The 436,000 shares 
of U. S. Semiconductor will be 
turned in by shareholders. The 
firm makes diodes, capacitors and 
other semiconductor devices, as 
well as basic silicon materials for 
infrared applications. 

Sperry Rand 
Raytheon 
Intl Tel & Tel 
Aven Corp. 
RCA 
Gen Electric 
Servo Meehan Inc. 
Texas Instr. 
Gen Tel & Elec 
Gen Dynamics 
Intl Resistance 
Zenith Radio 
Univ Control 
Elec & Mus Ind 
Gen Instr 
IBM 
Lear 
Westinghouse 
Sonotone 
Emerson Radio 
Philco 
Burroughs 
El-tronic 
Standard Coil 
Beckman 
The above figures represent sales of electronics 
stocks on the New York and American Stock 
Exchanges. Listings are prepared exclusively for 
ELECTRONICS by Ira Haupt & Co. 

• Hewlett-Packard Co., Palo 
Alto, Calif., announces completion 
of its merger with Dymec Inc. in 
the same city. Dymec, which de-
signs and manufactures instru-
mentation systems, has a current 
annual sales rate of over $3 mil-
lion. The company will function 
as a separate division of Hewlett-
Packard with no changes in man-
agement personnel. 

• Electronic Communications, 
Inc., St. Petersburg, Fla., has 
agreed to acquire Advanced Tech-
nology Corp., Santa Barbara, 
Calif., in exchange for 1,000 shares 
of ECI common stock. Advanced 
Technology Corp. is owned by a 
team of research specialists who 
organized their own company to 
work in missile systems, space 
projects and allied activities. 

• General Instrument Corp., 
Newark, N. J., has acquired the 
Harris Transducer Corp. of Wood-
bury, Conn., on a share-per-share 
basis. The Connecticut company 
manufactures electronic and acous-
tical devices in the field of sonar 
and other antisub applications. 

25 MOST ACTIVE STOCKS 
WEEK ENDING JUNE 19 

SHARES 
(IN 100's) HIGH LOW 

769 2514' 245/s 
713 557/e 511/8 
616 383/4 37 
604 151/2 1414 
501 647/8 621é 
477 811a 79 
468 161/2 13113 
457 13614 1241/2  
423 663/4  641/2 
396 5714 55 
391 191/4 171/8 
387 13114 1255'8 
297 171/4  161,8 
280 71/4 67/8 
267 311à 281/e 
265 443 429 
261 145/8 137/e 
258 931/4 891/2  
250 153/4  1214 
237 197/e 1858 
232 313/4  293/4 
230 367/8 351/8 
226 114 1 
217 193/4  181/8 
205 601/4 561/4  

CLOSE 
25 
543,4 
373/4  
151/a 
6314 
80 
13% 

134 
651/4  
55% 

1271,4 
171/s 
71/8 

293/4  
435 
141/a 
911/8 
15 
193/4  
301/a 
351/4 

11/4  
183/4 
581/4 

Ever try a 

measurement 

like this? 

2 things happen . . . 
(1) power line current flows 

in scope and circuit—only 60 
cycles show: (2) triode is 
loaded by shunt capacitance to 
ground . . . and gain changes. 

Solution: 
Use a Moeller Power Isolator 
to power scope or circuit. 

Now Moeller Power Iso-
lator supplies ideal isolation 
for line operated devices. Com-
mon grounding is not neces-
sary. Use with oscilloscopes, 
voltmeters, amplifiers, signal 
generators, power supplies, 
recorders, or any line operated 
test equipment. 

The Model 30 Power Isolator 
can supply up to 300 VA of 
isolated power at 115 VAC 60 
cycle. Output impedance to 
ground <2 ppf and > 50,000 
megolinns in parallel. 

Write for descriptive literature. 

Quality industrial 
instrumentation since 1 867 

MOELLER 
INSTRUMENT CO. 
ELECTRONICS DIVISION 

132 St. & 89 Ave., Richmond Hill 18, N. Y. 
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MOLDED RESISTORS 

retain their values! 
S. S. WHITE Molded Resistors retain their 
original values and never deteriorate due 
to age! 

• 
S. S. WHITE resistors serve dependably 
in hundreds of commercial... industrial 
... and scientific applications. They are 
characterized by low noise ievel... pre-
cision. stability.. . negative tempera-
ture and voltage coefficients. Non-hydro-
scopic base withstands temperature and 
humidity They are compact, have ex-
cellent stability and mechanical strength. 
For full details, write for our Bulletin 
5409. We'll be glad to help you apply 
these high-quality, "all-weather" resistors 
to your product. Just drop us a line. 

FIXED RESISTANCE VALUES 
RANGE FROM 1000 OHMS TO 

I 0,000,000 M EGOH MS! 
65X Molded Resistor   1 watt 
80X Molded Resistor   3 watts 

S. S. WHITE INDUSTRIAL DIVISION 

10 East 40th Street, New York 16, New York 

Western Office: Dept. R 

1839 West Pico Blvd., Los Angeles 6, Calif. 

MARKET RESEARCH 

Tv Set Outlook Brightens 
TV SET SALES in 1959 will climb to 
the 6.2-million mark, claims Ray B. 
Cox, consumer products vice presi-
dent at Hoffman Electronics. Esti-
mate compares with 5.1 million sets 
sold last year and 6.6 million units 
in 1957. 
However, this year's first-quar-

ter sales (1.4 million), which have 
accounted for a fourth of a year's 
total in the past, point to 1959 
sales of 5.5 million units. 

President of Zenith Radio Co., 
Joseph S. Wright, also takes a 
more conservative view of 1959's 
tv picture: he predicts sales of 
5.5-6 million sets this year. He 
foresees eventual return to annual 
sales of 7 million or more sets 
within next few years. Obsoles-
cence of sets-in-use and rising 
population should provide boost 
for this year's and future sales. 

• National Carbon Co., division 
of Union Carbide, is bullish on 
portable radio sales. Firm, which 
makes Eveready radio batteries, 
expects nearly 5 million portable 
radios will be sold this year, and 
that transistor portables will ac-
count for nearly 75 percent of these, 
sales. Factory production of port-
able radios in 1958 was 3.4 million 
sets, according to Electronic In-
dustries Association. 

• Electronic ovens using heat-
less microwaves will be in use in 
150,000 homes in the next five 
years, predicts J. Penn Ruther-
foord, manager of Raytheon's In-
dustrial Apparatus Division. Cur-
rent price of electronic ovens is 
about $900, down from a price 
range of $1,200 to $1,400 last year. 
By 1965, Rutherfoord forecasts, 

oven sales will climb to an annual 
rate of 100,000 units. At that time, 
he anticipates, retail prices will 
drop to the $300-$400 level. 

• Aerospace Industries Associa-
tion (formerly Aircraft Industries 
Association), Washington, D. C., 
issues its 1959 Washington Infor-
mation Directory. It is a compila-
tion of information on offices and 

people involved in aviation in the 
Washington area, including gov-
ernment, industry, publications 
and associations. 

• Hoffman Electronics issues ad-
ditional silicon transistor predic-
tions. (See ELECTRONICS, p 30, May 
29, for summary of firm's silicon 
transistor survey.) 

Market research manager James 
T. Parry estimates following all-
industry silicon transistor unit 
production levels for 1957-1962: 

1957— 1.4 million units 
1958— 3.2 million units 
1959— 7.0 million units 
1960-15.0 million units 
1961-32.0 million units 
1962-69.6 million units 

Estimate for 1962 production is 
a change in Hoffman's previous es-
timate of 96.6 million units. How-
ever, earlier prediction that sili-
con transistors will account for 24 
percent of total transistor unit pro-
duction in the year 1962 remains 
unchanged. 

• Average sales per employee 
among electronics manufacturing 
firms was $16,083 in 1958 as 
against $15,654 in 1957, according 
to a survey by the Office of Naval 
Material. ONM found average 
varies with size of firms. Average 
for firms with 1 to 50 employees 
was $13,935, compared with aver-
age of $17,189 for electronics 
companies with more than 5,000 
employees. 

FIGURES OF THE WEEK 

LATEST WEEKLY PRODUCTION FIGURES 

(Source: EIA) 

Television sets 

Radio sets, total 
Auto sets 

June 12, 
1959 

128,049 
299,599 
134,167 

STOCK PRICE AVERAGES 
June 17, May 20, Change From 
1959 1959 One Year Ago 

Electronics mfrs. 93.44 91.81 +75.9% 
Radio & tv mfrs. 109.18 106.75 +122.6% 
Broadcasters 96.70 101.48 +52.6°. 

(Standard & Poor's) 

May 15, Change From 
1959 One Year Ago 

98,343 +68.4% 
269,812 +84.3% 
119,725 +159.5% 

LATEST MONTHLY SALES TOTALS 
Apr. Mar. Change From 
1959 1959 One Year Ago 

Rec. tubes, value $26,047 $35,286 —9.5% 
Rec. tubes, units 29,800 39,841 —8.5% 
Pic, tubes, value $13,275 $13,804 +14.5% 

Pic, tubes, units 696 717 +18.0% 

(Add 000) 
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For the first time in one package: 
d t 

exceiltionally low capacity 
fast recovery 
low reverse leakage 
high current capabilities' 

100 mA Min. @ 1V Forward Current.. .0.3 msec recovery...4 µ,,,f 
at —2V... that's what you get with the new Hughes computer 
diodes. With these characteristics, these diodes will cover practically 
every major computer switching requirement. 

You can always count on them for top performance. Hermeti-
cally sealed in glass envelopes, these Hughes computer diodes 
have been engineered for extreme reliability under adverse envi-
ronmental conditions. 

For additional information concerning these unique Hughes 
diodes call or write the Hughes sales office nearest you. They are 
located at: 

Boston, 4 Federal Street; Woburn, Mass.; WOblirn 2-4824 
Newark, 80 Mulberry Street; Newark 2,N. I.; MArket 3-3520 
San Francisco, 535 Middlefield Road; Palo Alto, Calif.; DA 6-7780 
Syracuse, 224 Harrison Street; Syracuse 2, N. Y.; GRanite 1-0163 

1 

f 

Chicago, 6120 West North Ave.; Chicago 39, Ill.; NAtional 2-0283 
Philadelphia, I Bala Avenue; Bala-Cynwyd, Penn.; MOhawk 4-8365 
Los Angeles, 690 N. Sepulveda; El Segundo, Calif.; OR 8-6125 

Or write, Hughes Products, Marketing Department, 
SEMICONDUCTOR DIVISION, NEWPORT BEACH, CALIFORNIA. 

TYPICAL SPECIFICATIONS: 
Min. Forward 

Min. Es Current é, 25°C Mae. Reverse Current (,./1) 
Type (EN 100,,A) (és , 1.0V) és 25°C 100' C 

1N840 50 150 0.1 1,, 40V 15 0, 40V 400 K 0.3 
1N837A 100 150 0.1 é, 80V 15 é, 80V 400 K 0.3 
18841 150 150 0.1 w 120V 15 é, 120V 400 K 0.3 
18843 250 150 0.1 é, 200V 15 é, 200V 400 K 0.3 
114844 100 200 0.1 rs, 80V 15 é, 80V 400 K 0.5 
18845 200 200 0.1 61 160V 15 (, 160V 400 K 0.5 

*Measured in JAN test circuit and switched from 30mA forward current to —35V. 

TYPICAL CAPACITANCE: C .1o =2.2eoif C ., •,=4.4µof C_ o=9.0kgpf 

Operating Temp. Range: —65°C to 150't Storage Temp. Range: —65°C to +200°C 

Reverse Recovery. 
Reverse Maximum 

Resistance tRt Recovery 
(Ohms)  Time (,,sec) 

Creating a new world with ELECTRONICS 
HUGHES PRODUCTS 

©1959. HUGHES AIRCRAFT COMPANY 

SEMICONDUCTOR DEVICES • STORAGE AND MICROWAVE TUBES • CRYSTAL FILTERS • OSCILLOSCOPES • RELAYS • SWITCHES • INDUSTRIAL CONTROL SYSTEMS 
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n4 IN 1-.44 in: Al A 1, 1 riN/N1l..,41 !WS Aft r 
ae Vt VEN FEET FROM COMPASS 
SENSING OEVICE AND OTHER EQUIP-
MENT WHICM MAY DE AFFEC7ED 

Available from stock...MICROWAVE GENERATORS 
Now available for immediate delivery are 
several high-performance Hughes microwave 
tubes ... including the Model LOU-2 pictured 
above. This Ku band backward oscillator is com-
pletely ready for insertion into a system. The 
prepackaged LOU-2 tube gives you power out-
put of from 10 to 60 milliwatts over the band 
...and tunes the frequency range of 12.4 to 
18.0 kmc/sec. 

Since the tube is housed in a self-contained 
permanent magnetic focusing package, no sepa-
rate power supply for a focusing electromagnet 
is necessary. Result: you get a lighter and more 

compact package. 

Reliability has been engineered into the tube— 
and has been proven in more than 2 years of 
life tests. The package is completely sealed and 
magnetic structures are potted in epoxy resin. 

Developed by the famed Hughes Research & 
Development Laboratories, the LOU-2 helps 
solve your problems associated with microwave 
signal generators, panoramic receivers and 
spectrum analyzers, frequency scan radars, 
navigational radars, microwave links, and 
countermeasures. 

Hughes also offers you from stock these other high 
performance microwave tubes: 

S-band traveling wave 
amplifier—Periodicably 
focused, the type MAS-1A 
has a peak power output 
of one kilowatt over a 
band of 2-4 kmc at 
duties up to 0.005. The 
tube has a gain of 30 to 
33 db, giving an excess 
of one kilowatt over 
most of the band. 

S-band backward wave 
amplifier—Type PAS-2, a 
voltage-tuned amplifier, 
features: frequency 
range 2.4-3.5 kmc, tube 
noise figures pf less 
than 5 db, crystal pro-
tection, spurious input 
signal elimination, cola 
isolation greater than 80 
db and image rejection. 

X-band backward wave 
amplifier—Featuring a 
noise figure of 4.5 db, 
the PAX-1 tube, also of-
fers a 12 MC bandwidth 
which is electronically 
tunable over the X-band 
spectrum. 

For additional information please write: Hughes Products, Electron Tube Sales, 
International Airport Station, Los Angeles 45, California. For export write: Hughes International, Culver City, California. 

Creating a new world with ELECTRONIICS HUGHES PRODUCTS 

©1959. HUGHES AIRCRAFT COMPANY 

SEMICONDUCTOR DEVICES • STORAGE AND MICROWAVE TUBES • CRYSTAL FILTERS • OSCILLOSCOPES - RELAYS • SWITCHES • INDUSTRIAL CONTROL SYSTEMS 
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Capable of reception at speeds of 750 words a minute, new 

Kleinschmidt unit is world's fastest message printer and code puncher 

A major breakthrough in mechanical printing! De-
veloped in cooperation with the U.S. Army Signal 
Corps. this new super-speed teletypewriter is ten 
times faster than "standard" equipment, five times 
faster than normal conversation. In future com-
mercial use it could speed operations such as the 

transmission of telegrams, stock market quota-
tions, and weather reports. It has important appli-
cations in the field of integrated data processing. 
In recognition of its quality, Kleinschmidt equip-
ment is manufactured for the U.S. Army under 
the Reduced Inspection Quality Assurance Plan. 

KLEINSCHMIDT 
DIVISION OF SMITH-CORONA MARCHANT INC., DEERFIELD, ILLINOIS 

Pionee -- in teleprinted communications systems and equipment since 1911 
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Hunter-killer g•oup of prowling destroyers and antisub warfare carrier, reac'y to dispatch fixed-wing planes or helicopters 

How We're Fighting Sub Threat 
Patrol planes can now 

fighting force is getting 

THE U. S. NAVY is preparing 
against the growing enemy subma-
rine menace with new sensing de-
vices that can smell out subs from 
the air, see in the dark and hear 
at great distances, ELECTRONICS 
learns. 
More than half of Navy's fighting 

force is being equipped to detect 
and combat enemy underwater 
craft, in addition to their primary 
missions. More hunter-killer groups 
are being formed to operate from 
the surface, underwater, and from 
the air. The fleet of antisubmarine 
warfare planes now numbers 720. 
The Soviet Union now has about 

450 fast submarines in operation, 
according to Navy estimates. Mis-
siles like our Polaris, launched 
from any spot near our 6,000 miles 
of coast lines, could demolish vital 
areas in the U. S. 
The electronics industry is being 

called on to come up with new de-
vices to implement every phase of 

smell hiding subs. More than half of Navy's 

new gear to find and combat underwater craft 

the hunt-and-kill operation: 
1. Longer range and more accu-

rate devices for detecting and pin-
pointing enemy subs—it will not be 
U. S. policy to haphazardly pollute 
the seas with nuclear weapons. 

2. Automatic systems that will 
compute the sub's location from 
data received and display it to the 
striking element. 

3. Better guidance systems for 
torpedos carrying conventional. 
"clean" warheads. 

Types of Devices 

One sensing device, called ASH 
(ELECTRONICS, p 11, June 19), will 
smell out diesel-powered subs by 
reacting to air polluted by the die-
sel's exhaust. 
Another sensor, known as JEZE-

BEL, is new sonobuoy with extra 
long-range sonar equipment. It is 
dropped from an aircraft. 

Other detectors include electronic 
countermeasures, microwave receiv-

ers, radar, low-light-level tv, (ELEC-
TRONICS, p 20, June 26), infrared 
scanners and magnetic detectors. 
A comprehensive electronic sys-

tem to digest any detection informa-
tion obtained—either in or outside 
of a patrol plane—and present it 
visually to the pilot, has been de-
veloped by Loral Electronics. 
A fully-transistorized plotter 

(photo, facing page) on the pilot's 
instrument panel will display the 
moving position of the plane, indi-
cated by a lighted arrow, and that 
of the sub, shown by a lighted cir-
cle. The pilot can head his P5M 
patrol plane for the target, cor-
recting en route by watching the 
lighted arrow, and drop mines or 
magnetically- or acoustically-
guided torpedos at the right mo-
ment. 
The sub's position is obtained by 

data from the plane's available sen-
sors, evaluated by the crew's tactical 
director, and fed into the plotter. 
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The aircraft's position is fed in 
automatically by the navigation sys-
tem. Three point-of-reference 
modes are available for the center 
of the plotter: the sub, the plane, 
or a remote ship. 
The plotter was developed by 

Loral with company funds and pro-
duced under a $6-million contract. 

Integrated Display 

The firm is also producing an Air-
borne Integrated Display System 
that coordinates the inputs from 
various detection devices and com-
putes the target position. The in-
formation is then transmitted to the 
pilot's plotter after evaluation by 
the crew's tactical director. Produc-
tion contract has amounted to $10 
million to date, with an additional 
$5 million expected. 
An automatic target information 

computer that calculates the exact 
position of a target from data re-
ceived from sonobuoys has just re-
ceived a $3-million contract from 
Navy. 
The P5M's navigation system 

was developed and produced by 

New ASW plotter shows position of enemy 
sub in relation to the hunter-killer patrol 
plane. Units like this one being tested 
will soon be operational in cockpit instru-
ment panels of Navy planes 

Loral under a $10-million Navy con-
tract plus a recent additional $3 
million. Designated AN/ASA-13, 
the system is a dead-reckoning de-
vice using an analog computer. 
Wind data can be obtained by drop-
ping a radar reflector on the water 
and taking drift readings with the 
plane's radar. Some planes will use 
Ryan's Doppler navigators for con-
tinual position data. Plane position 
goes from the ASA-13 to the plotter 
on the pilot's instrument panel. 

icw -ric)Fep 

STRIP 
CHART RECORDER EEO 
*WITH PUSH BUTTON SPEED CONTROL 

The Model 80 AUTOGRAF is a completely new laboratory type 
strip-chart recorder featuring instantaneous control of all operating 
functions. No gears to change, just push a button to select any one — - 
of six different chart speeds. Start or stop chart, raise or lower 
ink pen, locally or remotely. Glass door protected chart transport 
is mounted on a roll-out carriage for convenient chart service. 

Specifications 

Input Ranges: 5 MV to 100 volts in 10 cali-
brated steps plus transfer 
switch for stepless control. 

Zero Positioning: Full range zero set and one 
full scale of suppression. 

Input Resistance: 200,000 ohms/volt through 10 
volt range; 2 megohms on all 
higher ranges. 

Sensitivity: 0.05% of full scale. 
Accuracy and 
Resolution: 0.25%. 

Sales 

representatives 

in all 

pr;ncipal areas 

Pen Speed: 

Standardization: 

Chart Speeds: 

Chart: 

Amplifier: 

Dimensions: 

Up to 1/4 second for full scale 
pen travel. 

Continuous precision electronic 
reference. 

2, 4, 6, 8, 15, and 60 inches/ 
minute; other speed combina-
tions available. 

Standard 120 foot roll; approx. 
10"x 6" visible area. 

Chopper input type. 
101/2 " high; 161/2" deep. Stand-
ard 19" rack mounting. 

Our catalog includes a complete line of 
X-Y Recorders and Data Reduction Accessories. 
We will be glad to send you one. 

F. L. MOSE LEY CO. 
409 N. Fair Oaks Ave., Pasadena, California 
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EXPANDING 

THE FRONTIERS OF 

SPACE 

TECHNOLOGY 

ADVANCED PROJECTS 

AT LOCKHEED 

POLARIS HMV, 
. • • . 

Lockheed is missile systems manager for 
IS Fleet Ballistic Missile, under the 

cognizance of the Special Projects Office of the Bureau of 
Ordnance. Submarine-launched, the POLARIS will travel 
through three mediums in a single flight: water, air and outer 
space. With three-quarters of the earth's surface being 
water, practically no target in the world is outside its range. 
The solid-propellant POLARIS was designed with the future 
in mind—an approach that the Navy states has cut nearly 
two years from the original timetable. 

DISCOVERER SATELLITE esigned and built by 
sion, the first of a series of 

DISCOVERER satellite launchings was successfully placed 
in orbit on February 28. Later satellites in the series will 
carry live animals and their recovery attempted. Valuable 
data will be obtained on space environment and recovery 
techniques of major importance to the nation's space program... 
The DISCOVERER is an Advanced Research Projects 
Agency program under the direction of the Air Force Ballistic 
Missile Division, with Lockheed as systems manager. 

—The nation's first successful reentry tests were 
conducted by the Air Force with the three-stage, Lockheed 
X-17 solid-propellant ballistic missile. The X-17 has 
pioneered many new techniques and the valuable experience 
gained from this program has facilitated development of 
other, inter-service projects, including the Navy POLARIS 
FBM. The Navy's history-making, 300-mile-high, Project 
Arl us radiation ex.losions featured the X-17 as the vehicle. 

Q-5, KINGFISHER Developed for the Air Force, and 
factured for the Army, the Kingfisher is 

designed to simulate enemy attacks to test the efficiency 
of our various defensive weapon systems. It is equipped with 
extensive instrumentation to register "kills" without 
itself being destroyed and can be recovered by parachute and 
landing spike to be used again, with marked savings in cost. 

—Lockheed's X-7 recoverable ramjet-engine test vehicle, 
developed for the Air Force, has established speed and 
altitude records for air-breathing vehicles and is also 
recoverable for re-use following flight. 

—An orbiting research facility, to 
serve as an advance base for space exploration, has been 
proposed in practical detail by Lockheed's research 
and development staff. The station would carry a 10-man 
crew. Prefabricated compartments for the rim of the wheel, 
the spokes, and the three hubs would be launched 
separately by means of ballistic missiles and guided into a 
cluster on the same orbit. 

The successful completion of projects such as these requires a 
bold and imaginative approach to entirely new environments. 
Lockheed's programs reach far into the future. It is a 
rewarding future which scientists and engineers of outstanding 
talent and inquiring mind are invited to share. Write: Research 
and Development Staff, G-22, 962 W. El Camino Real, 
Sunnyvale, California. U.S. citizenship required. 

MISSILES AND SPACE DIVISION 

SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA • CAPE CANAVERAL, FLORIDA • ALAMOGORDO. NEW MEXICO • HAWAII 



Electronics companies make the 

Electronics Buyers' Guide 
and Reference Issue 
accurate, complete, authentic... 

electronics 

BUYERS' GUIDE 
and REFERENCE ISSUE 

For nineteen years, firms in the electronics industry have made direct contributions 
to the accuracy, completeness and authenticity of the BUYERS' GUIDE. 

Recently, the staff of the BUYERS' GUIDE decided to award plaques to express 
appreciation to those in the industry who had made direct contributions to improve 
the product listings. The photograph above represents a few of the awards that 
have been made. 

The awarding of the plaques is but one indication of how the BUYERS' GUIDE 
evolved over the years ... a cooperative effort between the publication and the 
industry it serves. 

Only through years of experience can a buyers' guide reflect the needs of an 
industry as complex and dynamic as electronics ... one more reason why the 
BUYERS' GUIDE is the ONE accepted product and data book in the field. 

Published mid-year as the 53rd issue of electronics 

A MCGRAW-HILL PUBLICATION 

330 WEST 42ND STREET, NEW YORK 36, N. Y. 
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TOTAL ELECTRONICS EXPORTS 

1958 

1957 

1956 

100 290 300 

MILLIONS OF DOLLARS 

Here's how electronics exports have been growing, but . . . 

400 

Are We Missing an Export Bet? 
Future export growth is linked to management paying closer attention 

to international standards problems. Government fails to play a role 

INTERNATIONAL STANDARDS are be-
coming more important than ever 
to the future of the U. S. electron-
ics industry's growing export trade. 
Last year that trade amounted to 
$427 million. 

Meetings in Madrid this week to 
discuss problems in standardization 
of tubes and transistors underscore 
the importance of the 33-nation 
International Electrotechnical Com-
mission in setting these standards. 

Reasons for Watching 

In the opinion of industry ob-
servers close to the IEC, there are 
three main reasons why American 
electronics firms should be paying 
close attention to the work of IEC 
subcommittees concerned with elec-
tronic components and equipment. 

1. A meeting of heads of na-
tional committees represented in 
the IEC indicated last April in 
Paris that technical information 
regarding standards will be made 
more available to underdeveloped 
countries. 

U. S. observers feel it is a cer-
tainty these nations will be substan-
tially guided by the electronics 
standards of the IEC. Since these 
countries represent a burgeoning 
market for all kinds of electronic 
equipment, they feel the U. S. elec-
tronics industry must be strongly 
represented in standards delibera-
tions to avoid being out of step and 
losing trade. 

2. The six nations of the Euro-

pean Common Market said they will 
stick as closely as possible to IEC 
standards. (ELECTRONICS, p 11 
June 12). 

3. The North Atlantic Treaty Or-
ganization tends to pick up IEC 
standards when specifying military 
electronic equipment. Observers 
think the trend will become more 
pronounced. 
For more than 50 years the IEC 

has coordinated and unified na-
tional electrical and electronics 
standards by drawing up recom-
mendations upon which the stand-
ards bodies of the member nations 
might base their own standards. 
The U. S. is represented by the 

U. S. National Committee, which is 
identified as part of the electrical 
standards board of the American 
Standards Association. 

Supported By Industry 

Richard C. Sogge of General 
Electric, president of the U. S. Na-
tional Committee, says American 
participation in IEC meetings is 
entirely supported by private in-
dustry. Other national groups par-
ticipate wholly or partially with 
government funds. 

This means, he told ELECTRONICS, 
that in international deliberations 
over electronics standards the re-
sponsibility for U. S. "statesman-
ship" lies entirely with top manage-
ment in our industry. 
To help bring a maximum of in-

dustry "statesmanship" to bear on 

international standards problems, 
Sogge appointed a small advisory 
group of industry associations and 
engineering organizations to rec-
ommend industry action. In this 
group, Harvey Williams, president 
of Philco International Corp., and 
Admiral (Ret.) Frederick R. Furth 
of ITT represent Electronic Indus-
tries Association. 

Sogge and others associated with 
the IEC would also like to see more 
participation in international stand-
ards meetings by government agen-
cies that buy millions of dollars 
worth of electronic gear, and by the 
National Bureau of Standards. 

Current. Madrid discussions of 
"electronic tubes and valves and 
analogous semiconductor devices" 
are being attended by three repre-
sentatives for U. S. electronics 
firms, one from EIA. Seven indus-
try men are attending other discus-
sions on "semiconductor devices"; 
in addition, the chairman of this 
group is Virgil Graham of EIA. 
Tube discussions center mainly 

around standardizing electrical 
measurement methods of such fac-
tors as interface impedance and 
vibration. Also of concern to the 
group are mechanical standards of 
bases and bulbs. 

Semiconductor sessions are dis-
cussing nomenclature and defini-
tions, letter symbols, a list of 
temperatures for essential charac-
teristics and maximum ratings, and 
other factors. 
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Paul Petra« takes the stand for electronics 

ITT (International Telephone & Telegraph Corp.), 
Components Division, Clifton, New Jersey is a lead-
ing electronics manufacturer of electron tubes, fixed 
capacitors, silicon power diodes, selenium rectifiers, 
hermetic seals, miniature switches, and other com-
ponent parts. 
Former Chief Engineer, and present Product Man-

ager for silicon products, Paul Petrack is a market 
expert for electronics components. His functions re-
quire him to determine what products will be in 
greatest demand (according to the industry's latest 
technical developments) and what products will be 
the most profitable to market. 

According to the subscription records, electronics 
is sent to your home. Why? 
Because I have more time to read it and more time 

to digest it. 

Does electronics help you create new business for 
ITT? 

Yes, by keeping me aware of new developments in 
industry, the state of the art, and market potentials 
for existing products, we are better able to direct our 
efforts toward meeting our product goals. 

What "product image" has electronics conveyed to 
you over the years?... or, How would you define 
electronics' position in the electronics industry? 
I consider electronics required reading... it is clear, 

concise and complete. 

If it's about electronics, it's advertised and read in electronics  

electronics 
Published WEEKLY plus the mid-year electronics BUYERS GUIDE 

A McGraw H,I1 Paeocation • 330 West 42nd Street, New York 36, N Y. 
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Announcing CMC's 

New Model 400C 

The most versatile 

DIGITAL PRINTER 

ever made! 

MODEL 400C 

ALL NEW, the CMC Model 400C is a reliable, economical in-
strument for permanently recording digital data from counting', 
timing, frequency measuring, and data handling systems. 

EIGHT OPTIONS OFFERED 

Optional features which broaden the area of application for the 
CMC digital printer: 

• 10 line output for operating punches and electric typewriters • an-
alog output for driving strip chart and other pen type recorders 
• built-in inline readout for visual monitoring at a distance • accu-
mulator for totalizing • code converter to accept any digital code, 
Model 400C is coinpatible with any make of counting equipment 
• transistorized drive which accepts low voltage input • an add-
subtract solenoid which prints plus and minus numbers • print-line 
identification for coding printout. 

CMC engineering representa-
tives are located in principal 
cities. For more information 
on this versatile instrument, 
phone your nearby representa-
tive or write directly to 
Dept. 187. 

CHC 
e 

7 

6 Computer-Measurements 
Corporation 

New Standard Features 

Standard features designed to improve reliabil-
ity and flexibility include elimination of stepping 
switches, 4 line per second printout, parallel 
entry, and rugged unitized construction. 

Key Specifications 

Print-out capacity 6 digits standard, up to 12 on 
special order • Accuracy determined by basic 
counting instrument • Display time 0.2 seconds 
minimum, maximum controlled by the counter 
• Weight 64 lbs. • Price $950. Add $10 for 
rack mount. 

2 5528 Vineland Ave. • No. Hollywood, Calif. 
Phone STanley 7-0401 • TWX: N HOL 8290 
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SENIOR ENGINEERS 

AND PHYSICISTS 

FOR SEMICONDUCTOR R&D 

Expansion of advanced research and 
development activity at the 
Semiconductor Division of Hughes 
Products (Hughes Aircraft Co.) has 
created several openings for senior 
men capable of assuming the 
direction of important new programs. 
Openings include: 

DEVICE DEVELOPMENT PHYSICIST— 
to work on new device programs 
with responsibility for fabrication 
processes, device theory and analysis 
or device testing and evaluation. He 
must have an M.S. or Ph.D. in Physics 
and several years experience in the 
development of semiconductor 
devices. 

EXPERIMENTAL DEVICE STUDY 
PHYSICIST —to do theoretical and/or 
experimental research on advanced 
exploratory solids for the devices 
on a long range study basis. He will 
work on his own project or in 
conjunction with other physicists on 
basic device study, leading to the 
first model of a new device. Position 
requires an M.S. or Ph.D. in Physics 
and several years experience in the 
experimental research on advanced 
semiconductor devices. 

Recently completed ultramodern 
facilities of the Semiconductor 
Division are located in 
Newport Beach, California—just 
south of Los Angeles. Here you 
will find choice suburban living in 
the heart of Western electronics. 

If you meet the requirements 
for the above positions, or if you 
are a senior engineer or physicist 
with experience in the field of 
semiconductors, we invite your 
inquiry. Please contact: 

Mr. C. L. M. Blocher 
Scientific Staff Representative 

HUGHES SEMICONDUCTOR DIV. 
500 Superior Avenue 
Newport Beach 2, California 

SEMICONDUCTOR DIVISION 

HUGHES AIRCRAFT COMPANY 

L HUGHES PRODUCTS 1 
1 

Trade Show Displays Go 

More electronics firms are designing their trade 

show exhibits in modular form (above)—and then 

setting up as big a display as show requires 

TRADE SHOW BUDGETS are growing 
at a rapid rate in the electronics in-
dustry. Latest count on the number 
of trade shows now held in the U. S. 
indicates a total close to 5,000—as 
compared with about 3,000 three 
years ago. 
The display manager of one ma-

jor electronics manufacturer points 
out that his firm now exhibits at 
shows that would have, been consid-
ered "unlikely areas" not too long 
ago. The reason given for the 
change is that electronics has be-
come increasingly important to 
more people.. 

Expanding Aims 

At one time; the main, aim- of the 
electronics exhibitor was to sell 
within, the industry itself. The 
present aim has expanded to cover 
other industries and audiences, 
sometimes even home consumers. 

Another changing pattern, is in 
the design, of the display. 
A typical display in the past often 

consisted of some sort of panel 
showing the various products the 
exhibitor produced. Today's ex-
hibit is usually more elaborate. and 
can often be walked into as well as 
looked at. It often stresses other 
aspects of the company operation, 
not just product line. 

With the increased number of 
trade shows and the change in form 
of exhibits, display designers are 
now called upon to create exhibits 
in modular form. 
The modern exhibit is usually 

made tip in cells that can tell all or 
parts of the company story to fit a 
given occasion. Also, the modular 
exhibit can be used as a whole or in 
portions in accordance with floor 
space a, firm gets at a given trade 
show. 
Although the initial cost of such 

a display runs high, exhibitors say 
the adaptability factor saves money 
in the long run. 

Business Leaps 100% 

This. increased activity has re-
flected favorably for exhibit display 
manufacturers. Structural Display 
Co-., Inc., which built over a dozen 
displays at this year's IRE show, 
says its business has increased 
about 100 percent in the past five 
years, with a good measure of the 
increase attributable to electronics 
firms. 

Talks with electronics manufac-
turers indicate that a tighter set of 
objectives govern the form of a dis-
play these days. To fit the pattern 
of a particular show, an important 
product item may be put in the 
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Modular 
background to allow some facet, 
such as community relations, to be 
stressed. 

Mexican Companies 

Enter U.S. Market 
MEXICO CITY—THREE electronics 
companies in Mexico City are enter-
ing the U. S. market with radio 
sets, vhf high gain antennas and 
microwave components. 

Lenkurt de Mexico, Electro Labs, 
S. A. and Radio Impulsora Mexi-
cana, S. A. expect Mexico's low la-
bor costs will make profitable export 
of some products to the U. S. 
Radio Impulsora Mexicana has 

been producing the low cost Comet 
radio primarily for Mexican con-
sumers, now is exporting it to the 
U. S. The five-tube set has good 
tonal quality and receives Dallas 
stations with clarity in Mexico City. 
It sells for $10 in the U. S. 
The company is producing 10,000 

sets a month and reducing the num-
ber of imported parts by expanding 
its own manufacturing facilities. 
Some 70 percent of the components 
are now made in Mexico City. 

Making Antenna 

Electro-Labs, Mexican distribu-
tor of Motorola equipment, is now 
manufacturing for export a direc-
tional vhf high gain antenna for 
150-170 me operation. Gear costs 
$250. The company expects to pro-
duce other communications equip-
ment soon and to export transmit-
ters, receivers and other antennas 
and related gear. 

Lenkurt Electric, which has been 
making communications equipment 
in Mexico since 1956, has just set 
up an export division of Lenkurt 
de Mexico. The Mexican subsidiary 
of Lenkurt plans to ship transform-
ers and microwave components to 
the U. S. at a rate of 11,000 units 
a month. An initial shipment of 
transformers for telephone use has 
already been made. 
Lenkurt de Mexico hopes to sup-

ply communications equipment to a 
growing export market, starting 
with countries in Central America 
for whom surveys have recently 
been completed. 

LAPP COOLING 

GIVES LONGER LIFE 

TO HIGH-POWER 

TUBES 

WATER-COOLED 
Carrying cooling water which must undergo a change in potential Is a 

job best handled by Lapp Porcelain Water Coils. Theise coils are completely 
vitrified, non-absorbent porcelain, white glazed inside and out, providing 
very low resistance to water flow and eliminating all possibility of contamina-
tion in the water. Assuring positive cooling and long tube life, a Lapp Porce-

lain Water Coil installation represents a permanent investment—a completely 

trouble-free cooling system. 

AIR-COOLED 
Use of Lapp standard-design 

tube supports facilitates circuit design, improves production economy, pro-

vides interchangeability and easy replacement. They are compact, efficient 
and attractive in appearance, with 
polished nickel-plated brass hard-
ware permanently attached to the 
body. Equipment manufacturers will 

realize a triple service from these 
supports, for they support the tubes 

and act as an insulator, and channel 

air over the fins for maximum cool-
ing of tubes. 

WRITE for Bulletin 301 containing 
complete description and specification 
data. Lapp Insulator Co., Inc., 
155 Sumner Street, Le Roy, New York. 
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MERCURY WETTED-
CONTACT RELAY 
PULSE GENERATOR 

JL 
Z oui • 50 ohms 

4.10 mo 
TEMPERATURE 25C 

ve 
O 

lOpf 

+12 volts 

2N702 

TYPICAL NON-SATURATED LOGIC SWITCHING CIRCUIT 

—1.5 volts 

36 mpsee 

vo 

+12 volts 
10% 

OUTPUT 

  90% 

td1 
+ltvolts «.1 

TOTAL SWITCHING TIME NON-SATURATED CIRCUIT 

TYPICAL SWITCHING TIME 
td. • 8 musec tun 7 mysec 
I, • 5 mysec Itg 5 mpsee 

1,•tv, + 25 musec 

INPUT _  s _ 
.. .. 

%V trr- - W _lça— 

II-

50%% — A. 

VT 

TemPeroture 25°C 
Collector Current : 10 mo 

W .120 'upset 
S .200 myeeC 
A.. 3 to 6 volts min 
Gen.Double pulse ilenemIc4 

2 out t 50 ohms 
Terminoted with 50 ohms 

Aor 6 to 8 volts 

200 pyt 200 yyl • 0 INPUT 

TYPICAL CIRCUITRY FOR OBTAINING 5-MC REP RATE 
IN SATURATED FLIP-FLOP 

OUTPUT 2 

—45 

vi 

+45 

INPUT 2 

Temperoture 25•C 
° Input Pulse Spacing:40 ',gnu 

INPUT I 

+45 0— '3° 

+1.3 • 

—45 

OUTPUT I —L3 v   

TYPICAL CIRCUITRY FOR OBTAINING 25-MC REP RATE 

IN NON-SATURATED FLIP-FLOP 

+1.3 v 

S ILICON: 

TO-18 PACKAGED ' 
DIFFUSED-BASE 'MESA' 

TRANSISTORS 

Now available for your evaluation, 

the subminiature 2N702 is built 

specifically for your 5-20 ma transistor logic 

switching applications. 
This newest addition to TI's line of diffused-

base 'mesa' transistors features... 

• Guaranteed dc beta of 15 to 45 

e 50 mc minimum unity beta frequency (ft) 

• Maximum 12 ppf output capacitance 

• Subminiature TO-18 package 

As do all other TI semiconductors, the 2N702 
carries a full-year guarantee to published 
specifications. Check the specs at right and 
contact your nearest authorized TI distrib-
utor or your TI sales office for detailed 

information. 

TEXA5.-
FROM THE WORLDS LARGEST SEMICONDUCTOR PLANT 



.25 nmisec 
:SWITCH ERS FROM TI 
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Actual photo of collector wave form as 
shown on traveling-wave oscilloscope 

absolute maximum ratings (25°C) 
Collector Voltage Referred to Base   
Collector Voltage Referred to Emitter   
Emitter Voltage Referred to Base 
Collector Current   
Dissipation (100°C Free Air, Derate 0.5°C , mw)   

design Characteristics at 25°C (except as indicated) 

Symbol Characteristic 
ice() Collector Cutoff Current 
I CB0 «t 150°C 
BVc Bo Breakdown Voltage 
BVcEo Breakdown Voltage 
hFE. DC Beta 
BVEBo Breakdown Voltage 
VBE* Input Voltage 
Cob Output Capacitance 

ft Frequency at which 
hte is unity 

VcE * (Sat) Saturation Voltage 

Test Conditions Min 
Vcg = 10 v, 1E = 
VCB = 10 v, I E = 
Ic im= 10 pa, 1E= 0 20 
I CEO = 10 Pa, B = 0 15 
Vc E = 5 v, lc = 10 ma 15 
1E= 10 oa, lc= 0 5 
Vc E = 5 v, lc = 10 ma 0.7 
VCB = 5 v, = 
f = 1 mc 
Vc E = 5 v, I E = 10 ma 50 

lc = 10 ma, l g = 2 ma 

20 y 
15 
5 v 
50 ma 
150 mw 

Typ Max 
0.5 

50 

45 

1.2 
7 12 

100 

Un 

• 13 

0.6 y 
* Tested using pulse measurement. NOTE: These units meet JEDEC outline TO-18 dimensions. A drawing of this package is attache 

INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR - COMPONENTS DIVISION 

13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 • DALLAS, TEXAS 

Write on your company letterhea 
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x_y RECORDING never before possible with electro-
mechanical instruments can now be done with the 

new Sanborn Model 670 X-Y Recorder. Direct writing on 
ultraviolet- sensitive recording paper by a beam deflected by 
optical galvanometers makes possible the combination of fast 
writing speed and 130 cps frequency response not found in any 
other X -Y recorder. Transistor characteristics, acceleration 
and vibration of mechanical parts and events of similar short 
duration can be recorded with linearity of I% of full-scale and 
at trace speeds as fast as 2500 inches per second. Square wave 
response exhibits no greater than !•,% overshoot at any 
amplitude; sensitivities as high as 62.5 uv/inch ( depending on 
preamplifier used ). 

PLOTS OCCUPY AN 8" x 8" RECORDING AREA and can 
be previewed or monitored on the instrument's phosphorescent 
screen. An Axis Record switch to print X and Y axes on the 
record, and a Beam Intensity Control to assure maximum 
trace clarity, are among the front panel controls provided. An 
8" x 8" sheet of the ultraviolet- sensitive chart paper ( stored 
in drawer at base of cabinet) is easily placed on the back of 
the hinged screen. Brief post exposure in normal room light 
is the only developing process. 

OPTIONAL INTERCHANGEABLE PREAMPLIFIERS for 
each axis presently include the Model 850-1300B DC Coupling 
and Model 850-1200 Phase Sensitive Demodulator; a Carrier 
Preamplifier, High Gain Preamplifier and a time base gener-
ator are now in development. Driver Amplifiers are compact, 

THE NEW SAN BORN MODEL 670 

OPTICAL X-Y RECORDER HAS 

• 1% linearity 

• frequency response 3 db down at 

130 cps independent of amplitude 

• writing speeds to 2500 in/sec. 

• 8" x 8" direct print paper chart 

• trace monitoring on 

phosphorescent screen 

f/stO reAx0 

AXIS GALA 

(OKAYS 
PAIRROR 

Axis 
GAivAxFOALIIII. 

fully transistorized plug-in units with single -ended input and 
output. Galvanometers are low resistance, low voltage units 
of rugged, enclosed construction; sensitivity and damping are 
independent of coil temperature. Accessible, unitized circuitry 
also extends to the power supplies— a front-panel plug-in for 
both preamplifiers and a second supply for both driver ampli-
fiers. A built- in blower provides constant, forced filtered air 
cooling. The Recorder can be rack mounted in 153/t" of panel 
space, or housed in its own 20" x 20" x Vt" optional port-
able cabinet. 

Ask your local Sanborn Sales-Engineering Representative for complete 
information on the Model 670 X-Y Recorder, or write the Industrial 
Division in Waltham, Mass. 

S  A NI ES 0 FZ 

nei i .44. 
INDUSTRIAL DIVISION 

175 WYMAN STREET, WALTHAM 54, MASS. 
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Medaris: 'Not Just Price' 
General lists most important factors that win 

contracts from Army Ordnance Missile Command 

DETROIT—The U. S. Army Ord-
nance Missile Command is not "nec-
essarily looking for the cheapest 
price alone" in its awarding of con-
tracts, said Major General J. B. 
Medaris at the second annual Indus-
try Missile and Space Conference 
here. 

must emphasize again that 
foremost consideration is given to 
• lItie technical ability and capability 
cif the contractor to perform," 
Medaris said. "Only after this 
ability has been established to our 
satisfaction do we consider cost." 
Regarding contractor selection, 

Medaris noted, "our selections must 
be founded on a cold-blooded and 
objective appraisal of requirements 
to be met, the realities of time and 
money requirements, the contrac-
tor's capability and reputation for 
effective results." 

Where Budget Goes 

Medaris said "our budget will 
total approximately two billion dol-
lars in the current fiscal year and 
will approach that level in the next 
fiscal year. About 80 percent of the 
total budget is invested in Army 
missile systems. About nine per-
cent represents assignments for 
space work from the Advanced Re-

search Projects Agency. About 1i 
percent comes from NASA for 
space missions." 
The Army's top missileman 

pointed out that by far the largest 
portion of the funds available to his 
service is spent in industry. Only a 
small fraction is retained for Army 
management and "in-house" devel-
opment. 
"About one quarter of one per-

cent supports my headquarters. 
Five percent is spent for systems 
management, including testing and 
range management. Another five 
percent is spent in research, engi-
neering, fabrication and technical 
effort within government agencies, 
including our own. Eighty-nine and 
three-quarters percent goes to in-
dustrial contractors, or other or-
ganizations outside the govern-
ment," Medaris said. 
ABMA alone currently has 492 

active contracts with private indus-
try, and 304 contracts in force with 
other government installations. 
Since its activation in 1956, the 
agency has placed approximately 50 
contracts for research and experi-
mental effort with more than 30 
educational institutions. 
These contracts total about $20 

million. 

Rugged Counter Checks Atomic Cannon 

........i. e .„._,_ . , 

-7.,,,_ -- ---•••- - ' 
- 

Ruggedized decade counter (circled) built by Burroughs Corp. successfully withstands 
enormous muzzle blast from Army's 28G-mm atomic cannon. Counter is part of muzzle-
velocity chronograph which monitors cannon's behavior. Shielded beam switching tube 
housed inside heavy ring magnet is hears of the unit. Counter resolves pulses up to 110 kc, 
provides 10 outputs to operate indicatoi tubes, printed devices or scalers. Instrument was 
built for Frankford Arsenal 

DELIVERED 
OFF-THE-SHELF 

From 

«GRAY 
Your Authorized 
TI Distributor 

ALL TI semiconductors are in 

stock, ready to be rushed to you 

NOW! There is no delay when 

you order from MILGRAY. 

You know you are getting maxi-

mum reliability when you specify 

Texas Instruments semiconduc-

tors, USE PROVED by thousands 

of customers and GUARANTEED 

for one full year by TI. 

AVAILABLE IN 

1-999 QUANTITIES: 

Silicon transistors, germanium tran• 

sistors, silicon diodes and rectifiers 

and carbon film resistors. 

sensistor silicon resistors: 1-499 

tan-TI-cap tantalum capacitors: 1-99 

AY 
ELECTRONICS, IN. 

136 Liberty Street 

New York 6, N. Y. 

RE 2-4Na. DAMN' 
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A I R, iPA 

Transistor 
Chopper 

requires no 

external drive 

transformer 

The AIRPAX type 6025 transistor chopper has a SPDT 

switching action capable of handling signal voltages 

up to 100 volts. Inclusion of drive transformer in the 
assembly provides signal and drive isolation. 

Switching action can be any frequency from 50 to 

5000 CPS, using sine or square wave drive. Ideal for 

use in operational amplifiers, DC measuring instru-

ments, servo systems, and similar applications where 

fast response and wide-band operation is a necessity. 

ACTUM 
SIZE 

• High Signal Handling Capacity 

• Wide Frequency Range 

• Minimum Drive Power Requirement 

• Impervious to Shock and Vibration 

• Phase and Dwell Time Unaffected by 
Temperature Changes 

34 CIRCLE NO. 34 READER SERVICE CARD 

CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND 

MEETINGS AHEAD 
July 30-31: Computers & Data Proc-

essing, Denver Research Inst., Stan-
ley Hotel, Estes Park, Colo. 

Aug. 17: Ultrasonics, National Sym-
posium, PGUE of IRE, Stanford 
Univ., Palo Alto, Calif. 

Aug. 18-21: Western Electronics Show 
and Convention, WESCON, Cow 
Palace, San Francisco. 

Aug. 23-Sept. 5: British National Ra-
dio & Tv Exhibition, British Radio 
Industry Council, Earls Court, Lon-
don. 

Aug. 31-Sept. 1: Elemental and Com-
pound Semiconductors, Tech. Conf,,, 
AIME, Statler Hotel, Boston. e • • 

Sept. 14-16: Quantum Electronics, 
Resonance Phenomenon, Office of 
Naval Research, Shawanga Lodge, 
Bloomingburg, N. Y. 

Sept. 15-17: Electronic Exposition, 
Twin Cities Electronic Wholesalers 
Assoc., Municipal Auditorium, Min-
neapolis. 

Sept. 17-18: Nuclear Radiation Ef-
fects in Semiconductors, Working 
Group on Semiconductor Devices, 
USASRDL, Western Union Audi-
torium, N. Y. C. 

Sept. 21-25: Instrument-Automation 
Conf. & Exhibit, ISA, International 
Amphitheater, Chicago. 

Sept. 23-25: Non-Linear Magnetics 
and Magnetic Amplifiers, AIEE, 
ISA, PGIE of IRE, Shoreham Hotel, 
Wash., D. C. 

Sept. 23-25: Residual Gases in Elec-
tron Tubes and Related High-Vac-
uum Systems, International Sym-
posium, Italian Society of Physics, 
Como, Italy. 

Sept. 28-30: Telemetering, National 
Symposium, PGTRC of IRE, Civic 
Auditorium & Whitcomb Hotel, San 
Francisco. 

Sept. 30-Oct. 1: Industrial Electronics 
Symposium, AIEE, PGIE of IRE, 
Mellon Inst., Pittsburgh, Pa. 

Oct. 5-7: Communications Symposium, 
National Conf., PGCS of IRE, Hotel 
Utica, Utica, N. Y. 

Oct. 12-15: National Electronics Con-
ference, IRE, AIEE, EIA, SMPTE, 
Sherman Hotel, Chicago. 

Mar. 21-24, 1960: Institute of Radio 
Engineers, National Convention, 
Coliseum & Waldorf-Astoria Hotel, 
N. Y. C. 

There's more news in ON the 
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 72. 
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Comparison of storage-and-fall-time performance between the new Fairchild 

iN1/3..; and rairchild's 2N697. The 2N1253 has performance otherwise equiva-

lent to the 2N697 plus the additional advantage of low storage. An actual 

Polaroid photo is shown. Scale is 0.20sec. per oscilloscope division. Scope 

was a Tektronix 543 with 53/505 plug-in giving a rise time of 15 m0 sec. 

New from Fairchild 

LOW STORAGE SILICON TRANSISTORS 

CIRCUIT USED IN COMPARING 

2N697 AND 2N1253 

Hemett 
Packard 
212A 

40V 
poise) 

7v 

2.1 2KB 

It, V, 
auBalent 

NOTE: 

see s ad,usted to make V1 -.- 30V dun ve 
gum on and V1 .- -10V dunng 

TENTATIVE SPECIFICATIONS, 2N1252 AND 2N1253 

ABSOLUTE MAXIMUM RATINGS 120 Cl 

VCER Collector to Emitter Voltage (R 41011/ 

VC80 - Collector to Base Voltage 

VEBO - Emitter to Base Voltage 
Total Dissipation at Case Temperature 25.0 

at Case Temperature 100C 

at 25.0 Free-Air Ambient 

ELECTRICAL CHARACTERISTICS (2S*G) 

20 v 

30 v 

5 v 

2 walls 

1 watt 

0.6 watts 

SYMBOL CHARACTERISTIC MIN. TYPICAL MAX. TEST CONDITIONS 

hiE D.C. pulse 2NI252 15. 45 Ic=150mA Vc=10V 
current gain 201253 30 90 

V8c SAT. Be. saturation voltage 1.0V 1.3 Ico---150enA 18+, 15mA 
Vcc SAT. Collector saturation voltage 0.8V 15V Ic=-150mA 18=15mA 
hie Small signal current gain 2.5 5.0 lc= 513rnA Vc= 10V 

at 1=-20. 
Cot. Collector capacitance 3044t 45nef Ic= OrnA Vcos 10V 
law Collector cutoff current 0.14A 10AA Vc= 20V T = 25 C 

100,11A 6004A Vc= 20V T =150 - C 
ts+11 Turnelf time 75mAs 150nvos Ic=150mA 181=15mA 

5mA 
Ri=40(410nts pulse 

Fairchild's 2N1252 and 2N1253 provide the guaran-

teed shorter total switching time necessary for direct-

coupled transistor logic circuits (DCTO in combination 

with the inherent reliability and power dissipation that 

silicon mesa construction affords. 

75 mgseconds is typical storage-plus-fall time at 150 ma col-

lector current on these new devices; 150 mis. is guaranteed. 

For low level operation, typical storage time is 35 mgs, for 

lu---1131=182=10 ma. This performance makes them usable 

for saturating type logic circuits and high-current-level satu-

rating switching circuits. A few of the many applications are 

magnetic core drivers, drum and tape write drivers, high-cur-

rent pulse generators and clock.amplifiers. They also provide 

extra safety factor in less critical applications. 

To achieve high reliability, these transistors are preaged at 

300° C, a temperature that would destroy most other types. 

This preaging time at 300° C accomplishes a stabilization of 

characteristics equivalent to thousands of hours of operation 

at junction temperatures as high as 175° C. 

For full information, write Dept. A-7. 

o  01111eCWILD SEMICONDUCTOR CORPORATION 

II • 

844 CHARLESTON RD. • PALO ALTO, CALIF. • DA 6-6695 
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New Precision 
in 

Stereo Control 
We have developed a new approach to 
a one-knob control for dual stereo 
amplifiers. It gives far greater precision 
of match and track than you may have 
thought possible. On typical systems 
we have developed control packages 
based on a db or voltage conception 
which deliver matching and tracking 
coinciding in volts throughout the 
useable range of the control. 

This is equivalent to approximately 
5% resistance match and track. In 
contrast, "standard" 20% tolerance 
controls when ganged may be 40% 
out of track between match points, 
while the matching and tracking of 
the Mallory units is tailored to the 
individual requirements. 

We welcome the opportunity to discuss 
this new idea . . . to engineer a control 
package for your system . . . to develop 
new match and track specifications 
with you. 

P. R. Mallory & Co. Inc. 

Frankfort, Indiana 
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II NATIONAL BUREAU OF STANDARDS STATIONS • U. S. SIGNAL CORPS 

SPECIAL I GY STATIONS El OTHER SOUNDING STATIONS 

What we learned from the G Y 

• COOPERATING LABS 

Network of over 100 stations measured ionosphere characteristics during the International Geophysical Year 

Communications of 
the Future 
By FRANK LEARY, Associate Editor 

"The results of the IGY—both the great body of data 
and the remarkable discoveries—are themselves a pro-
logue, for they raise new and provocative questions in 
the very act of answering old questions . . ." 

Hugh Odishaw 
National Academy of Sciences 

Two YEARS ago, 30,000 scientists and technicians, 
aided by about the same number of volunteer work-
ers, embarked on what has been called the greatest 
international cooperation in modern history. 
These researchers, representing 66 nations, began 

on July 1, 1957, to make a series of simultaneous 
scientific probings into the earth and its environ-
ment. The investigation, called the International 
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FIG. 1—Leve o a sorptoon in t e uonosp ere or ransom/soon pa 
between earth's surface and a vehicle in space, assuming sun over-
head, no sunspots 

Geophysical Year, ended with the end of 1958. 
Some researches are being continued into 1959 

as an international cooperation, and a world survey 
of magnetic effects is scheduled for the period of 
relative solar inactivity in 1963. 

OBJECTIVE—The primary objective of the IGY 
was to gather data in three general scientific areas, 
covering eleven fields. One area, consisting of the 
three fields of seismology, gravity and longitude-

Steerable reflector at University of Colorado is one of two making 
up radio interfe•ometer for galactic noise measurements 

FIG. 2—Theoretical absorption of r-f energy in aurora as a function 
of frequency 

latitude determination, concerned the earth itself. 
Another area included meteorology, oceanography 
and glaciology, and covered the processes govern-
ing the earth's heat and water budget, weather, 
climate, and events in the lower atmosphere and 
at the earth's surface. 
The remaining five fields—solar activity, aurora-

airg/ow, cosmic rays, geomagnetism and the iono-
sphere—were concerned with the earth's outer 
environment: the upper atmosphere, the sun and 
stars, space itself. 

Three World Data Centers were set up to receive 
the tons of data taken during the 18-month period. 
In these centers now reposes the material for a world-
wide picture of the movement of air masses, the 
behavior of weather, the earth's magnetic field, the 
ionosphere. 
Information arising from the research into the 

outer environment of the earth is of great specific 
value to the communications technology, including 
not only message traffic but also radar, guidance, 
navigation, telemetry and other data transmission. 

In the space age, the field of communications 
faces a new problem: what is good for earth traffic 
is sometimes exactly wrong for earth-to-space traf-
fic. Conditions that cause absorption or refraction 
sometimes help earthbound communications, but 
may seriously hinder communications between the 
earth and satellites or free-travelling space 
vehicles. 

ATMOSPHERE EFFECTS—The atmosphere ab-
sorbs and reradiates r-f energy to a greater or 
smaller degree, causing the wavefront either to lose 
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Solar radiometer at Gunbarrel Hill, 
Colo., monitors radio noise from 
sun for National Bureau of Stan-
dards. Reflector is a 25-ft dish 

Balloon-borne instruments were 
widely used by U. S. Navy in 
meteorological researches and in 
ionosphere and cosmic-ray experi-
ments 

energy or coherence, or to be refracted. This phe-
nomenon is useful in surface communications (as, 
for example, in tropospheric ducting), but can 
cause trouble in extraterrestrial communications. 

Refraction disturbs any technique that relies on 
Doppler principles or phase comparisons, and 
makes radioastronomy measurements difficult in 
low- and high-frequency bands. Waves in the vhf 
band and above are free of absorption and scat-
tering effects above the troposphere (tropospheric 
ducting is relatively independent of frequency). 
Atmospheric noise may place serious limitations 

on extraterrestrial communications from low-alti-
tude stations. The highest noise levels are found 
over land in tropical regions, with levels falling off 
rapidly above 50 deg of latitude. 
A receiver located in a space vehicle or satellite 

would experience less noise interference than a 
ground receiver, since the ionosphere tends to 
shield atmospheric noise. The shielding is not com-
plete, however, and the value of the shield falls off 
rapidly as the noise frequency rises above the pene-
tration frequency of the ionosphere. 

SOLAR ENERGY—One of the chief outcomes of 
IGY investigations has been the correlation of 
many earth phenomena with variations in the sun's 
energy. The 18-month period of the investigations 
was chosen to coincide with a maximum of sunspot 
activity. The sun obligingly started producing flares 
and sunspots on the morning of July 1, 1957, reach-
ing a peak of activity in February and March of 
1958. Worldwide observation by over 100 patrols 
kept constant watch on the sun at every moment of 
the 18 months. 

Analytical studies of solar data currently being 
undertaken will help catalog the effects of solar 
disturbances on the upper atmosphere and on geo-
magnetic disturbances. Already, measurements of 
the sun's surface magnetic field show a strength 
associated with sunspots as much as 8,000 times 

the earth's field at the equator. Periodic reversal of 
magnetic polarity of the eun's South Pole, and 
fluctuations in intensity at its North Pole, show the 
same cyclical tendency as the sunspot cycle, with 
a three-year lag. Scientists at the Mt. Wilson Ob-
servatory believe these variations are due to large-
scale circulation patterns in the sun's surface. 

Flare activity associated with sunspots is of 
great importance to such terrestrial phenomena as 
magnetism, auroras and the ionosphere. Flares 
spew out streams of charged gas which may en-
velope the earth, ionizing the atmosphere as it 
strikes, producing X-rays and auroras. Ionization 
increases r-f absorption in the ionosphere, causes 
abnormal electrical currents in the upper atmosphere 
which disrupt surface fields by induction. 

IONOSPHERE EFFECTS—Radio energy can be 
both absorbed and refracted by the ionosphere. Be-
low the penetration frequency of the F-layer (or 
the G-layer when it is present), the path is bent, 
and the index of refraction continuously varies. At 
frequencies substantially above the penetration fre-
quency—which normally lies in the region between 
30 and 50 mc—the energy is merely attenuated and 
the index of refraction does not vary substantially 
from 1. 

Attenuation is caused by loss of energy to the 
free electrons in the ionosphere, and is therefore a 
function of electron density in the ionosphere. Fig-
ure 1 illustrates the frequency dependence of r-f 
absorption in the ionosphere. Under normal condi-
tions, absorption loss is small at frequencies above 
the penetration frequency, but in interplanetary 
communications even this small loss may cause 
serious problems. 
During periods of great solar activity, the ion-

ization of the upper atmosphere rises and both 
absorption and path deviation become more pro-
nounced. Deviation errors, which would have their 
most serious effect on tracking and guidance sys-
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Table I—Chronology of a Magnetic Storm 

2/9 2108 Flare of magnitude 2-plus observed in south-
west quadrant of the sun 

2112 Loud solar noise on 458 mc noted, followed by 
other bursts on other frequencies 

2257 Radio noise fades 
2302 Flare subsides 

2/11 0126 Fredericksburg magnetograph records major 
disturbance; horizontal trace jumps 117 

0130 Interruptions in radio circuits to Europe. 
Aurora begins in auroral belt 

0159 Major peak of storm hits. Horizontal trace 
jumps 500 1, at Fredericksburg, more than 
2,000 at Alaska. Aurora begins to spread south. 
Power circuits in north central states fluctuate, 
sometimes as much as 320 v. Radio circuits 
to Europe abruptly fade. 

0201 Serious interruptions on Western Union cables 
0202 AT&T cable almost useless; earth potential at 

tems, are inversely proportional to the square of 
frequency. 

FARADAY FADING—Another serious problem in 
trans-ionospheric communications is the Fara-
day effect. Moon-radar experiments have shown 
that the polarization plane of r-f energy rotates as 
it passes through the ionosphere, producing a slow 
fading. 
Faraday fading is most intense a few hours be-

fore sunrise. In one moon-radar experiment, the 
plane of polarization of the receiving dipole had to 
be continually adjusted; in a six-hour period, the 
plane was rotated a total of 10 radians. 
The effect varies inversely as the square of fre-

quency, is affected by both the earth's magnetic 
field (not a constant, value) and the distribution of 
ions in the ionosphere. It is most marked at the 
lowest penetration frequency. 

Meteor-trail interference, while in most cases 
probably not great enough to intercept or absorb a 

west end goes from 2,650 I/ through zero to 
peak in opposite direction. Aurora spreading 

0212 Earth currents subside, start to stabilize. Cables 
back, on but spotty. Aurora seen brightly and 
clearly in New York, Washington, points south 

0245 AT&T loses radio contact with South America 
0300 RCA loses radio contact with Tangier 
0400 RCA loses radio contact with relay station in 

Paramaribo; aurora visible 20 deg north of 
equator 

0620 Sharp drop in magnetic disturbance; cosmic 
noise drops at Boulder; X-ray bursts observed 
over Minneapolis 

0630 RCA back in touch with Paramaribo 
0800 RCA back in touch with Tangier; aurora sub-

siding 
1200 Direct circuits to Europe operating; worst of - 

storm past 

ground signal, can shift its angle of arrival at 
destination, cause multipathing, and interfere with 
Doppler measurements. This effect varies inversely 
with the square root of frequency. 

Ionospheric storms affect earth magnetism, some-
times quite seriously. Electron density at lower 
levels increases, which results in more r-f absorp-
tion and at higher frequencies. The second F-layer 
rises. Sporadic E-layer patches may reach densities 
as high as 10' electrons/ cm'. 

In the ionized gases of the ionosphere, collisions 
between electrons and ions or molecules can pro-
duce r-f noise. Radio noise at 46, 72, 500 and 3,000 
mc has been reported. 

AURORAS—Protons and other ionized particles 
ejected by the sun hit the upper atmosphere and 
cause visible radiation. The earth's magnetic field 
guides the particles into the two belts, circling the 
magnetic poles, where most auroras are seen. Dur-
ing flares and other unusual solar disturbances, the 

Magnetic Storms Destroy Communications 

THE EFFECT that a solar disturbance can have on electro-
magnetic phenomena on earth is clearly demonstrated by the 
great magnetic storm of February 11, 1958. 

At 2108 universal time on Feb. 9, a spectacular flare 
erupted on the face of the sun. Four minutes later, loud 
solar noise was reported on several vhf and uhf frequencies. 
An hour and 45 minutes later, the noise faded, and five 
minutes after that the flare subsided. 

At 0126 on Feb. 11 (26 hours, 24 minutes later), a mag-
netic storm hit the earth, blanketing the whole surface within 
seconds with abnormal magnetic phenomena. 

Within the next half hour, a flaming aurora had spread 
from the auroral zone southward. Peak of the storm oc-
curred about half an hour later, at 0159; during that peak, 
the earth's potential at the terminal of AT&T's North Atlantic 
cable fluctuated violently. 

The abnormal earth currents subsided quickly, but by 0400 

a complete radio blackout had cut off the U. S. from the rest 
of the world. The storm began to ebb at 0520, faded still 
more between 0600 and 0700 but was not declared over 
until 1500 Feb. 12. 

Table I lists the key events in the storm. Figure 3 shows 
the magnetogrom trace for the horizontal magnetic com-
ponent from Fredericksburg (Va.) Observatory for the first 
hour of the storm. The peak that extends off the chart ex-
ceeded 500 gammas; in Alaska at the same moment, the 
needle was shoved off the page by a peak reading con-
servatively estimated to have been in excess of 2,000 gammas. 

Figure 4 shows cosmic-noise absorption in the ionosphere 
measured at Boulder, Colo., correlated with the major fadings 
of the magnetic storm starting at 0620 Feb. 11. During the 
moments when the storm slackened off, cosmic noise also 
dropped dramatically. At the same time, a balloon flight 
over Minneapolis measured sharp increases in X-radiation. 
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UNIVERSAL TIME FEB II, 1958 

FIG. 3—Onslaught of a great magnetic storm. At Fredericksburg 
Observatory, magnetogram jumps 117-,, at 0126, more than 500-, 
at 0159 

auroras may spread to much lower latitudes, some-
times as far south as Cuba. An auroral sky is prac-
tically opaque to r-f energy, as the attenuation 
levels given in Fig. 2 show. 
Auroras usually occur in the same part of the 

sky as the ionosphere—from 60 miles up to as high 
as 600 miles. Red and blue auroras are generally 
caused by protons, the nuclei of hydrogen atoms. 
Green auroras, the most common type, are due to 
atomic oxygen in the low altitudes, and the unusual 
flaming red auroras are associated with atomic 
oxygen at higher altitudes in the neighborhood of 
the ozonosphere (the level of the atmosphere char-
acterized by 10-millibar pressure). 

Solar disturbances of the type that cause auroral 
displays can quadruple the electron density in the 
D-layer of the ionosphere. The effect may last sev-
eral hours, during which times vhf signals are ab-
sorbed in the ionosphere. Severe magnetic storms 
have resulted in more or less spotty absorptions up 
to 1,000 me, with serious absorption up to 100 me. 
Auroral absorption varies inversely as the square 

of frequency. Echoes from, auroras have been 
clearly detected (10 db above noise) at 400 mc, and 
also at 12 and 800 me. Echoes are usually Doppler-
shifted, sometimes as much as several hundred 
cycles, the direction of shift being dependent on 
the type of aurora. 

VAN ALLEN RADIATION—The Explorer satel-
lites led to the discovery of an intense radiation 
belt in the high atmosphere. A Pioneer space-probe 
in a 38-hour flight went up 63,000 miles and pro-
vided data on two belts, one 1,400 to 3,400 miles up, 
the other between 8,000 and 12,000 miles. James 
Van Allen and his associates at the State University 
of Iowa suggest that the two belts are caused by 
charged particles ejected from the sun and tempo-
rarily trapped in the earth's magnetic field. 
The more penetrating components of Van Allen 
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FIG. 4—During to ebbings of the storm (bottom line) cosmic noise 
at 18 mc drops at Boulder, Colo. (top line), and X-ray bursts are 
measured over Minneapolis 

radiation may be either electrons or protons. If 
electrons, the equivalent radiation dosage is 10 
roentgens per hour; if protons, 100. These figures 
compare with the maximum safe dosage of 0.3 roent-
gens per week. 
Between the belts, radiation drops to a safe 

level. Similarly, the region beyond the second belt 
is safe; the ability of the earth's magnetic field to 
trap particles drops off beyond 18,500 miles. 
Some researchers suggest that auroras may be 

caused by leakage from the Van Allen belts, as also 
some X-radiation may be. The manmade aurora 
observed late last summer during nuclear tests may 
have been caused by a distortion in the earth's 
external magnetic field during a high-altitude nu-
clear or thermonuclear blast, which permitted 
leakage from the belt. 

COSMIC NOISE—Antennas in outer-space com-
munications systems will act as radiotelescopes, and 
the incidence of galactic noise becomes a serious 
problem. Cosmic noise is by no means constant; 
some stars—notably such hot bodies as Alpha in 
Virgo and the nebula in Orion—are noisier than 
others. 

Generally speaking, the quietest part of the sky 
is toward the galactic pole, becoming noisier toward 
the equator, with the most noise emanating from 
along the galactic plane on a line pointing toward 
the center of the galaxy. 
Below penetration frequency, the ionosphere 

tends to shield the earth from cosmic noise, al-
though the shield is not a complete one. 
Thermal processes in the stars are responsible 

for the noise. The sun, too, emits r-f energy from its 
chromosphere and corona, with lower frequencies 
coming from the corona. Magnitude of solar and 
stellar noise is a function of temperature; a noise 
burst from a solar flare may be 1,000 times as 
great as the noise from a normally quiet sun. 
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Using Magnetic Circuits 
G.e 

Size and weight reduction are obtained in design of pulse generator by 

using transistors and new core materials. Reliability is also increased 

By ARTHUR KRINITZ, Department of Electrical Engineering, Servomechanisms Laboratory, 
Massachusetts Institute of Technology, Cambridge, Mass. 

411. 

R ECENT ADVANCES IN MAGNETIC 

MATERIALS are put to good use 
in this radar pulser. Transistor 
drive and high-permeability, high-
saturation flux-density cores are 
used to obtain a small, light weight 
design. Applications might be air-
port surveillance or boat radars, but 
other uses are also possible. 

Magnetic discharge and pulse 
shaping networks are used instead 
of thyratrons or vacuum tube am-
plifiers. Transistorizing the drive 
circuit further increases reliability. 

FIG. 1—Generator output pulse. Peak 
power of the 1-usec pulse is 24-kw 

The output waveform and the out-
put of a magnetron when driven 
with this pulse are shown in Figs. 
1 and 2. 

Transistor Driving Circuit 

The pulse generator consists of 
a square wave oscillator, driver cir-
cuit, two-section magnetic dis-
charge circuit and a two-section 
pulse forming network. These func-
tions are indicated on the sche-
matic diagram, Fig. 3. 
Two medium power transistors 

and a magnetic core are used in the 
square wave oscillator. Similar to 
d-c to d-c converters, the 1,700 cps 
oscillator is highly efficient and its 

square wave output is well suited 
to switching the power transistor 
of the driver circuit. The circuit of 
transistor Q, determines the oper-
ating voltage of the oscillator tran-
sistors and thus controls frequency. 
This control is adjusted for best 
operation. 

Driver transistor Q, is a low volt-
age, high current device with 
switching time of 15 to 30 psec. 
With square wave drive it operates 
as a switch, being either full ON or 
full OFF. Since current is low in the 
OFF state, and voltage across the 
transistor is low in the ON state, 
dissipation is low and occurs mainly 
during the brief switching time. 
Transistor limitations are maxi-
mum allowable current in the ON 
state and maximum allowable volt-
age in the OFF state. 

Magnetic Discharge Network 

The magnetic circuit takes the 
low voltage, low power pulse from 
the driver circuit and compresses 
the pulse into a high power out-
put. Energy is not added during 
this process but pulse duration is 
decreased from about 300 esec to 
about 1 µsee. 

Figure 4 shows the magnetic 
paths of the saturable elements dur-
ing the pulse forming process. The 
bias circuit has brought the re-
actors to the zero points on the 
B-H curves. At t„ the driver tran-
sistor of Fig. 3 is switched from 
OFF to ON and a voltage step is ap-
plied to charging inductor L, and 
the primary of T,. The reactors 
then travel path 0-1-2 (Fig. 4), 

Breadboard generator showing reactor oil 
bath and magnetron load. Metal panel is 
19 in. long 

with T, acting like a transformer 
and T, being driven further into the 
saturation region. The circuit be-
yond T„ is effectively decoupled and 
T„ is not affected by the actions of 
T, and T,. Capacitor C, of Fig. 3 is 
reflected into the primary of T, and 
the resulting transient is the step 
response of a high-Q RLC network. 
The effect of the first interval is to 
charge C,. 

At t„ the driver transistor is 
turned OFF. The voltage on C, now 
takes T, along path 2-3-4. During 
the same interval the excursions 
of T, and T„ act to discharge C, and 
charge C,. The tank circuit during 
this time is essentially a short cir-
cuit. The next interval—t,tet„—is 
the discharge time of C„. Reactor T„ 
operates along path 4-5-6 (Fig. 
4C), and the load is connected by 

FIG. 2—Output spectrum from 2.142 mag-
netron 
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To Pulse Radar Sets 
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FIG. 3—Square loop magnetic cores are used with transistor drive to generate and shape 
pulses 

transformer action. 
The magnetic discharge circuit 

forces C, to discharge more rapidly 
than it charges; similarly for C2. 
The pulse therefore becomes taller 
and narrower as it passes from 
stage to stage. 
The pulse forming network is in 

two sections. One section is the 
tank circuit of Fig. 3 and the other 
consists of C2 and the saturated in-
ductance of r„. The combination is 
a two-stage, linear, pulse forming 
network of the Guillemin type. 

Core Reset and Bias 

Following each pulse, the bias 
circuit resets the reactors to the 
zeros of Fig. 4, preparing the net-
work for the next pulse. During the 
reset operation the reactors are not 
saturated and therefore act as 
transformers. Transformed volt-
ages thus appear across the cor-
responding capacitors and it is 
these voltages which actually reset 
the cores. 
When the charging time of any 

reactor is short compared with the 
reset time available, the voltage de-

Table I—Experimental Generator 
Characteristics 

Repetition frequency 

Peak output power 
Peak output voltage 
Pulse width 
Average output power 40 watts 
Efficiency (including d-c adjuster 

circuits, oscillator and bias) 50 percent 
Weight (including heat sinks, oil 

bath, filament transformer and 
2 lb mounting panel) 10 lb 

1,700 cps 
24 kw 
5.6 kv 
1 gsec 

veloped on the capacitor during re-
set will be small and thus have little 
effect on the charging cycle. But 
the charging time of C, is approxi-
mately equal to the reset time of T,. 
Voltage induced on C, therefore 
has an important effect on the 
charging cycle. This problem is 
analyzed in detail in Appendix I 
of reference (1). 
The bias inductor is used to keep 

bias current constant. Its imped-
ance must be large compared to any 
impedance in the associated mesh. 
Bias winding ampere-turns must be 
large enough to reset the core and 
also overcome coercive force. Mag-
netic network design can be based 
on core volume and hysteresis loss 
considerations or on eddy current 
loss considerations. Theoretical 
work shows that using more than 
two to four stages would not gen-
erally be worthwhile.' 

Experimental Generator 

A breadboard version of the gen-
erator is shown in the photograph 
and its characteristics are listed in 
Table I. 
Power dissipation is the tran-

sistors is low and, with typical heat 
sinks, they can operate in air with-
out special cooling. The driver 
transistor, for example, operates at 
about two-thirds its rating. Dis-
sipation in the magnetic networks 
is higher, especially in T3 and T3. 
These two cores are mounted on 
heat sinks and placed in an oil bath. 
The oil acts as both heat sink and 
insulator. 
Main losses in the generator are 

hysteresis loss, eddy current loss, 
copper loss, and dielectric loss in 
the capacitors. Eddy current loss 
can be reduced by using thinner 
magnetic materials. One- and two-
mil laminations were used in the 
generator but 1-mil and 1-mil ma-
terials are available. An additional 
five percent improvement in effi-
ciency can be obtained from a better 
designed oscillator and bias circuit. 
Ultimately, an efficiency of 60 to 65 
percent should be possible. 

Jitter in the generator output 
pulse is less than 0.05 esec when 
a storage battery is used for the 
power supply. Any ripple in the 
supply will increase the jitter. 

Output power can be increased by 
using several power transistors in 
the driver circuit. Characteristics 
of recently developed solid-state 
thyratron-like rectifiers indicate 
these could be used instead of—or 
in conjunction with—the power 
transistor of the driver circuit. 

Research was supported by 

6 .4 
(A) (B) (C) 

PATH 0-1-2 : CHARGING Of C, 
PATH 2-3-4: DISCHARGE OF C, AND CHARGE 0F C2 
PATH 4-5-6: DISCHARGE OF C2 

FIG. 4—Path of operation of T (A), T2 

(B) & Ta (C) 

M. I. T. Servomechanisms Lab and 
by USAF, Weapons Guidance Lab, 
Wright Air Development Center, 
under Contract No. AF 33(616)-
5489, Task No. 50688. 
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Using Divider Vernier 
Locally generated pulses can be easily synchronized with pulses from WWV 

to set clocks associated with frequency standards. Changes in the period of 

pulses from counter-type frequency dividers are made with precise vernier. 

Drift of frequency standard with time is rapidly determined 

By ERNEST F. WILSON, Edgerton, Germeshausen & Grier, Inc., Boston, Massachusetts 

SLIGHT AND PRECISE changes in 
the period of the output pulses 

of binary-counter type frequency 
dividers can be made without modi-
fication of internal feedback paths. 
Such changes permit setting clocks 
associated with primary frequency 
standards by varying the period of 
a locally generated 1-second pulse to 
bring it into step with the 1-second 
pulse received from radio station 
WWV. 
A new technique for changing 

the period eliminates the complexi-
ties of feedback-path modification 
in the dividers while maintaining 
the advantages of multistable di-
viders. Basically, a vernier change' 
in the counter division ratio is ob-
tained either by adding or deleting 
input pulses. Thus a cycle from out-
put pulse to output pulse is com-
pleted with more or fewer input 
pulses than are normally required 
by the division ratio. 

Lowering the division ratio by 
insertion of extra pulses is quite 
common, raising the ratio is not. 
A cascade of four binaries can be 
made to count by 17 by the addition 
of a gate generator and a gate of 
proper length. The addition of a 
single binary stage with feedback 
paths will accomplish the same re-
sult. However, a change in count 
can be made only by changes in the 
feedback paths. Switching tran-
sients occurring when these changes 
are made can cause random and un-
desirable steps in the time of a re-
current output pulse. On the other 
hand, gate timing can be made to 
cause a count ratio change with no 
such deleterious results. 

Figure 1 is a block diagram of 
the elements necessary to lengthen 

the output pulse. The pulse source 
delivers pulses to the divider 
through the open INHIBIT gate. 
The divider is composed of M stages 
of division by R. As a result an out-
put pulse is produced by R" input 
pulses. 
A change in output period is pro-

duced by closing the switch. An 
output pulse causes the gate gener-
ator to close the INHIBIT gate and 
enables the input pulses to pass 
through the AND gate into the 
N-count storage. The N-count stor-
age is an N-stable device producing 
an output pulse which terminates 
the gates after receipt of N input 
pulses, restoring the circuit to nor-
mal operation until the next output 

PULSE 

SOURCE 
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GATE 

Pu LSE 

SOURCE 

AND 

GATE 

FIG. 1—Pulse lengthening requires use ot 
storage unit 
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FIG. 2—Pulse shortening uses time-delay 
unit and OR gate 
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pulse activates the gate generator 
again. As a result, the divider re-
ceives its required R" pulses only 
after R,, + N input pulses. Thus 
the new output pulse period is in-
creased from R" to R" + N input 
pulse periods. 
The change in circuitry necessary 

to produce precise output pulse pe-
riod shortening can be seen by com-
paring the block diagram of Fig. 2 
with that of Fig. 1. Essentially, the 
only change is the replacement of 
the INHIBIT gee by the OR gate. 
In practice, both the OR and 
INHIBIT gates aee left in the cir-
cuit at all times; switches are used 
to route the output from the gate 
generator to- the proper gate. 
Gate shortening is effected as fol-

lout: the closed switch (Fig. 2) al-
lows the output pulse to start the 
generation of the gate. The gate 
causes input pulses to be routed to 
the N-count storage. In addition, 
the pulses from the AND gate are 
supplied through a delay to an OR 
gate and thus to the divider. The 
gate generator is terminated, just 
as for pulse lengthening, by the 
pulse produced from the N-count 
storage after receipt of N counts. 

Pulse Shortening 

The shortening is produced by the 
insertion into the divider of N 
pulses between the regular pulses. 
To make the upper frequency limit 
of the circuit as high as possible, 
the extra pulses are inserted ah soon 
as possible after the first stage of 
the divider recovers from trigger-
ing by a regular input pulse. This 
minimal delay results in a maximum 
frequency of operation of one half 
the maximum frequency of the first-
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To Synchronize Pulses 
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FIG. 3—Switches select both the amount and direction of pulse period variation 
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FIG. 4— Instrument can use any type 10-stable divider in the counter circuit 

divider stage. 
Insertion of N extra input pulses 

into the divider allows it to com-
plete its count of Ru in R" — N in-
put-pulse periods and results in a 
shortening of the output-pulse pe-
riod by N input-pulse periods. 
The circuitry is standard except 

for the gate generator. Although 
this circuit could be an ordinary bi-
stable multivibrator, it must have 
provision to set it in a particular 
state after power application. In 
practice, the desired result is ob-
tained by use of a monostable multi-
vibrator with a period longer than 
any value of N input pulse periods 
to be expected. The bistable circuit 
is needed only if the divider is to 
be used for some application in 
which the input pulses would be ir-
regular. 

Practical Circuit 

The block diagram of Fig. 3 and 
the circuit diagram of Fig. 4 show 
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Type of 
Signal 
Input 

0 to 5 volts 
0 to —5 volts 
±2.5 volts 

a practical application of this tech-
nique. 
The pulse source is the 1,000-

cycle output of a frequency stand-
ard. The input waveform is such 
that amplification and inversion by 
V,A, differentiation by the coupling 
circuit between V,A and V, and clip-
ping by D, produce an adequate 
pulse for driving the decade count-
ers. Tube 17,, is the INHIBIT gate, 
which normally allows pulses to 
pass to the conventional 10-stable 
dividers. The diode D2 and Vt are 
used to provide a clean output and 
to buffer the load from the counters. 

Gate generator V. is a monostable 
multivibrator. Here the practical 
circuit differs slightly from the 
block diagram of Fig. 1. Instead of 
using the AND gate and N-count 
storage, the gate is terminated by 
the normal timing of the multivi-
brator. The multivibrator period is 
either 1.5 milliseconds or 10.5 milli-
seconds to provide values of N of 

0 to 15 my 
0 to 100 y 

one and 10. By deleting one or 10 
input pulses the resultant gate pro-
duces an output-pulse period of 
1,001 or 1,010 milliseconds. 
To shorten the period, V, provides 

the necessary divider recovery time 
delay. The AND gate, the OR gate 
and the N-count storage are not 
readily apparent, but for this par-
ticular case in which R is 10 and N 
is one or 10, proper routing of the 
pulse from V, allows the divider to 
perform the storage. 
For the case of N = 1, there is 

no reason to use the AND gate to 
select one input pulse. Instead, the 
output is delayed by the necessary 
divider-recovery time and applied to 
the OR gate inherent in the first 
stage of the first decade. 
For the case of N =-- 10, insertion 

of the pulse into the on gate at the 
input of the second decade essen-
tially uses the first decade as the 
N-count storage. The end result is 
the same as inserting 10 extra 
pulses into the OR gate of the first 
decade and storage is obtained with-
out additional circuitry. 

Synchronizing Clock 

The clock to be set is driven by 
the same 1,000 cps from the fre-
quency standard as is the frequency 
divider. The frequency divider's 
1-second output normally triggers a 
comparison oscilloscope sweep. The 
audio output of a receiver tuned to 
WWV is applied to the vertical 
plates of the oscilloscope. By use 
of the vernier switches, the 1-second 
trigger to the oscilloscope can be ad-
vanced or delayed until the 1-second 
pulse waveform of WWV appears in 
coincidence with the start of the 
trace. The number of sweep traces 
multiplied by the precise variation 
of the frequency-divider ratio will 
give, to the nearest millisecond, the 
amount of drift of the frequency 
standard over the period between 
coincidence adjustments. 

Once the output of the divider is 
set to coincide with the seconds 
pulse from WWV, it may be used 
to set the hands of the clock to zero 
by use of a mechanical differential 
in the gear train driving the clock. 

E—generally limited to 20 y awing 
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Commutators for Airborne 

Alarm Circuit Warns of " 

Audible alarm system allows central placement and gives distinctive indica-

tion of fault location in digital computer and data processing equipment. 

Simple, flexible circuits simulate horn, collision, battle stations sounds 

By STANLEY FIERSTON 
Sylvania Electronic Systems Division, Sylvania Electric Products, Inc., NeedMitt Mass. 

LEXIBLE MONITORING EQUIP-

MENT is needed to operate and 
test today's large scale data proc-
essing systems. Indicator lamps are 
normally used for this function but 
they have several disadvantages. 
These disadvantages can be severe 
if a system has many units spread 
over a wide area or if circuit faults 
are infrequent. The audible alarms 
proposed have generally been too 
complex, too inflexible, or have re-
quired voltages not normally avail-
able in transistorized circuits.' The 
audible alarm discussed here over-
comes these disadvantages and pro-
duces distinctive sounds. 
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FIG. 1—Alarm system generates sounds 
electronically 

Horn and collision signals are 
generated by the electronic cir-
cuits shown in Fig. 1. The two 
sounds are used to monitor two 
circuits. Mixing the two signals 
produces a battle stations sound 
which is used for a third monitor. 

Alarm Circuit Operation 

Switch S5 controls the alarm, 
selecting the circuit to be monitored 
and the output signal. With S:, in 
position 2, an alarm trigger pulse 
will activate the one-shot multi-
vibrator. The AND circuit passes 
the battle stations signal through 
to the audio amplifier and speaker. 

Operator is shown selecting the channel 

to be monitored. Circuits are identified on 
cardboard tab 

The one-shot multivibrator resets 
after a suitable time and closes the 
AND circuit, thus silencing the 
alarm. Positions 3 and 4 of e. are 
similar to position 2 but monitor 
different circuits, and produce horn 
and collision signals. No one-
shot multivibrator is needed in posi-
tion 4 since the trigger signal is 
not a short pulse. 

Other positions of 85 connect to 
selected points in the monitored 
system. Pulses with audio fre-
quency components on distinctive 
pulse trains are listened to directly. 
These signals give an experienced 
operator useful information about 

c. 
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Faults in Digital Systems 
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FIG. 2-Horn signal generator uses two multivibrators; collision signal is generated with 

multivibrator and pulse generator. Mixing the two sounds produces battle stations signal 

the system. 
The one-shot multivibrators used 

for positions 2 and 3 could be re-
placed by flip-flop circuits. The flip-
flops maintain the alarm signals 
until manually reset. 

Switches S, through S, are used 
for testing the signal generators 
and for silencing an alarm. 

Alarm Signal Generator 

Figure 2 is a schematic diagram 
of the alarm. A low frequency 
multivibrator Q, and Q, is combined 
with a high frequency multi-
vibrator Q. and Q, to generate the 
horn signal. The rough sound pro-
duced by the square waves is delib-
erately increased by the unequal 
timing capacitors used in the Q„ and 

Q, circuit. Frequency of the Q. and 
Q, multivibrator can be controlled 
by changing the bias voltage. Po-
tentiometer R, controls the bias and 
is set to give the desired sound. 
The collision signal is generated 

in a similar way. High frequency 
multivibrator Qs and Q. is similar 
to Q. and Q,. Circuit Q. and Qs 
forms a 2-cps, highly unsymmetri-
cal, free-running pulse generator. 
Emitter follower (27 couples the out-
put pulse to differentiating circuit 
R,-C,. 

Output of the differentiator is an 
exponentially varying signal of 2 
cps which controls the bias of the 
Q. and Qu circuit and thus its fre-
quency. The actual sound devel-
oped by the generator depends on 

the differentiator and multivibrator 
time constants and the pulse rate. 
Component values shown in Fig. 2 
tend to produce a birdlike sound. 
Other values can produce a sound 
similar to a navy collision signal. 
A second differentiating circuit 

R. R, C, gives a narrow 2-cps pulse 
for use in other parts of the data 
system. 
Alarm signals are fed to an emit-

ter follower and then to an audio 
amplifier, both of which are con-
ventional circuits. A variable re-
sistor in the emitter follower pro-
vides a convenient volume control. 
The audio amplifier schematic is 
shown in Fig. 3. 

Applications 

Highly specialized circuits are 
not needed since the alarm uses 
standard pulse circuits found in 
most data processing systems. Only 
a few circuits are required and the 
alarms can be placed at desired 
points. Extra connecting cables are 
not needed since the volume can be 
set to give the required area cover-
age. Many other distinctive sounds 
can be generated by changing the 
R-C constants of the multivibrators. 
This flexibility is an obvious ad-
vantage over mechanical alarms 

-8V +8V 

KsX 1,000 

FIG. 3-Audio amplifier uses conventional 
circuits 

such as bells and horns. The vari-
ous parts of the alarm can be pack-
aged into small plug-in modules. 
The author thanks John Malcolm-

son for his assistance in the con-
struction and testing of the alarm. 

REFERENCES 
(1) M. B. Freedman and T. E. Rolf, 

Alarm Signal Generators, Electronics, p 
204, July, 1952. 
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Radio-Frequency Circuits 
Ten-kilovolt 250-kilocycle alternating field generator partially ionizes fuel gas 

in initial stages of thermonuclear fusion process that converts gaseous plasma 

to helium. Generator design and method of coupling generator to stellarator 

plasma are considered along with variable load effect of plasma 

By RODGER L. GAMBLIN, Project Matterhorn, Princeton University, Princeton, N. J. 

LTIM ATE OBJECTIVE of a stel-
larator is to raise deuterium 

or deuterium and tritium gas to a 
thermonuclear ignition tempera-
ture near 108 C and extract energy 
as the gas converts into helium." 
To accomplish this objective a 

specially twisted magnetic field of 
50,000 gausses or greater is created 
in a space that is filled with fuel to 
be heated. A high-frequency alter-
nating electric field is then applied 
along the magnetic lines of force to 
break down or partially ionize the 
gas and subject it to the actions of 
subsequently applied electric and 
magnetic fields. A d-c electric-field 
pulse or ohmic-heating pulse applied 
along the lines of force and the re-
sulting currents induced in the gas 
complete ionization and bring the 
gas temperature to near 108 C. Fur-
ther heating is accomplished by 
coupling the plasma to various 
pulsed r-f fields and varying the 
strength of the confining field at 
specified places and in ways that 

OSC DRIVER 

\----TS17EILLARATOR 
VACUUM TUBE 

OUTPUT 
TANK CIRCUIT 

FIG. 1—Block diagram of stellarator break-
down generator 

energy transfer takes place into the 
plasma. 

Initial breakdown of the gas in 
the stellarator is performed by the 
B, for breakdown, generator, which 
is a 10-kw 250-kc unit. Because of 
the special coupling and timing 
problems presented by the stella-
rator, this generator differs from 
others of its general class. 

Breakdown Problems 

The vacuum chamber of the B3 
stellarator, which in operation con-
tains the gas to be heated, consists 
of a stainless steel tube approxi-
mately 5 cm in diameter and 650 cm 
long. A ceramic insulating section 
1 cm long prevents the tube, which 
closes upon itself, from shorting 
out any applied parallel electric 
field. 
The coupling of the B generator 

to the plasma presents a problem. 
Creation of the confining field, in-
volving over 50,000 gausses in the 
chamber defined by the vacuum 
tube, results in relatively large 
stray magnetic fields near the stel-
larator. 
A usual method of coupling the 

electric field of the B generator to 
the gas would be by a ferromagnetic 
core looping the vacuum tube; this 
method is undesirable because the 
above stray fields tend to saturate 
the core. The stainless steel vacuum 
tube shares flux linkages with the 
plasma, however, and can be used 
as the primary of a transformer. 
Primary inductance in this case is 
low and of the order of 4.4 micro-
henries. This latter method has the 
advantage of making the plasma 
inductance appear lower as seen 
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FIG. 2—Simplified schematic of keyer 

from the transformer input. 
A seoond problem of the stella-

rator breakdown arises through the 
necessity of measurements on the 
gas. Under certain conditions of gas 
mixtures and pressure, diffusion of 
particles takes place across the mag-
netic lines of force in the vacuum 
chamber during the breakdown pe-
riod. To measure the properties of 
this diffusion, it is desirable to have 
a minimum rise and fall time of the 
r-f envelope and to have the r-f 
pulse spaced in time with a mini-
mum jitter relative to other stella-
rator operations. 
A third problem of the stellarator 

involves the variability of the load 
comprising the plasma. Before 
breakdown the B generator sees as 
its load the primary inductance of 
the vacuum tube. After breakdown, 
the load changes to a resistance of 
small magnitude in series with a 
small inductance which represents 
the leakage flux in the annular re-
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for Plasma Physics 

Inside view (-ight) ond outside view (above) of gas breakdown generator. Cable from 
front panel feeds output tank circuit located at stellarator 

gion between the plasma and the 
vacuum-tube wall. 
Load inductance varies with the 

diameter of the plasma and load 
resistance varies from an open cir-
cuit to values less than a few 
tenths of an ohm. A diagnostic re-
quirement is that the voltage dur-
ing a pulse should be, as far as pos-
sible, independent of load so the r-f 
source impedance need not be a 
variable in data analysis. 

B Generator 

Figure 1 shows the basic block 
diagram of the B generator. The 
master-oscillator power-amplifier 
system was chosen primarily for 
constant voltage output. 
As the plasma load changes, its 

inductance also tends to change. 
If the grid drive of the output tube 
is of constant frequency, the change 
in inductance can be used to par-
tially compensate for the resistive 
change. If the master-oscillator 
frequency prior to breakdown is too 
low relative to the output stage 
tuned circuit, the output tube will 
face an inductive impedance that 
is lower in absolute magnitude than 
if the output were resonantly tuned. 
When, however, the presence of a 
plasma lowers the inductive com-
ponent faced by the output tube, 
the system comes into tune and 
greater power is available to drive 
the plasma load. 

This system also offers relative 
stability and reliability compared to 

an oscillator and faster rise time 
than a grid-keyed oscillator. 

Output Stage 

The B3 stellarator is a pulsed 
machine with an on time of approxi-
mately 5 millisec and off time of 
nearly 30 see. Since the ratio of on 
to off time is so low, thermal dissi-
pation in operating components 
tends to be negligible. 
The ultimate rating on the capa-

bilities of tubes is the maximum 
filament emission and peak rated 
voltage. Thoriated-tungsten fila-
ments at normal operating tempera-
ture are capable of approximately 
0.08 amp per watt of filament 
power. If the filament voltage is 
increased by 10 percent, the emis-
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FIG. 3—Simplified schematic of crowbar 

sion capabilities increase to 0.160 
amp per watt at the expense of a 
somewhat shortened life. Though 
of only 250-w rated plate dissipa-
tion, which in normal r-f operation 
would limit its power capabilities 
to less than 750-w output, the 
4-250-A tube has a peak filament 
emission of 11.6 amp and a d-c pulse 
plate-voltage rating of 10 kv. To 
obtain tube characteristics over 
this range, published data is ex-
panded by scaling voltages by an 
appropriate factor and multiplying 
the current by this factor to the 
three-halves power. 

Because of space considerations 
the B generator must be located at 
a considerable distance from the 
stellarator. If the output tank cir-
cuit were in the cabinet containing 
tubes and power supplies and the 
leads to the stellarator were long, 
the impedance of the coupling cable 
would be an appreciable part of 
the load and the voltage level at the 
stellarator would be too low. The 
tank circuit is, therefore, placed in 
a shielded box in the vicinity of the 
stellarator and connected to the 
main cabinet through relatively 
long leads. 
To prevent the B generator cou-
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piing from shorting out the ohmic-
heating pulses, blocking capacitors 
are included in the leads from the 
output tank. 

Keying 

Keying of the output stage is ac-
complished by the circuit shown in 
Fig. 2. 
Two timing pulses from the mas-

ter sequential timer of the stella-
rator signal the B generator on and 
off. When thyratron V„ which is 
initially nonconducting, is pulsed 
on it connects the grid lead of the 
output tube through a resistor to 
ground. The output tube voltage 
rises from —1,000 y to an operating 
level of —200 v, permitting it to be 
driven by the driver. 

In the off condition the negative 
voltage on the output is enough to 
override the continuous drive from 
the buffer stage. Choke L and by-
pass C (Fig. 1) isolate the keying 
circuit from the r-f grid drive. 
The off pulse from the timer trig-

gers thyratron V2 which discharges 
the negatively charged capacitor in 
its cathode through the grid leak 
resistor. An inverse voltage is pro-
duced on thyratron V, for a period 
long enough to cause it to become 
nonconducting. 
Thyratron V., becomes noncon-

ducting from current starvation as 
the charging supply for the capaci-
tor in its cathode has a 5-megohm 
impedance. The resistor in parallel 
with the isolation choke in Fig. 1 
damps out ringing when either the 
off or on pulse is triggered. 

Crowbar Stage 

Even if the output tube is cut 
off instantly, the voltage will decay 
in the output in accordance with a 
time constant determined by its Q. 

REGULATOR 
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X 1,000 
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8MH 

I2K 

•  

4-65-A 

500 0.05 

A low-Q output circuit for fast de-
cay time would involve the use of a 
higher power tube for on operation. 
A crowbar circuit is used to cut off 
the oscillator in the tank circuit 
sharply. 
The crowbar circuit, shown in 

Fig. 3, consists of a tube with a 
plate hold-off rating comparable to 
the peak instantaneous output-tank 
voltage. During the on period this 
tube is biased off, but at the end of 
the pulse its grid is driven to +500v 
and the tube becomes a low im-
pedance across the tank. It then 
damps out oscillation within a cycle 
or two. 
The keyer for this system is sim-

ilar to that of the output-stage grid-
keyer system. 

General Circuit Features 

The oscillator and driver of the 
master-oscillator power-amplifier 
system are shown in Fig. 4. They 
operate continuously and are of con-
ventional design. 
The output-stage plate and screen 

supply is a high-impedance output 
voltage-doubler circuit capable of 
charging a 5-12f storage capacitor to 
10 kv. The screen supply consists 
of a bleeder and storage capacitor. 
The B generator has been in op-

eration at Matterhorn for a period 
of two years with a minimum of 
trouble. 
The basic design of the generator 

was the joint work of George Kling-
aman, N. W. Mather and the au-
thor. It was supported under 
contract AT (30-1)-1238 with the 
Atomic Energy Commission. 

REFERENCES 
(1) L. Spitzer, Jr., The Stellarator Con-

cept, The Physics of Fluids, 6, No. 4, July-
Aug. 1958. 

(2) J. M. Carroll, Our Stake in Ther-
monuclear Power, ELECTRONICS, p 75, Dec. 
19, 1958. 
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Papr Capacitor Ratings 
1TIEW RECOMMENDATIONS for metal encased fixed paper 
d-e capacitors have been issued by Electronic Indus-
tries Association. Table I gives standard capacitance 
ratings recommended for standard voltages. Styles 
04-13 have cylindrical cases with wire terminals; 
20-29, tubular cases with wire terminals, and 40-72, 

other case and terminal styles. Recommended effect 
of temperature on ratings is covered in Figs. 1, 2 
and 3. Details on performance, case and terminal 
configurations and ratings within each style are con-
tained in RS-218, April, 1959, available from EIA's 
Engineering Department in New York.—G.S. 

Table 1—Voltage and Capacitance Values Recommended by FIA for Fixed Paper D-C Capacitors 

Bating 
Capacitance in Mierofarads (A Signifies Recommendation for Inclusion within Style Group 04-13; 

B. within Style Group 20-72, and C, within Both (;roups) ... 
Volt. 

r. 3 nee4gemo- ..e.e.No   . . . 5, „,.. 
eer-ev›.e 'jeireeies44.-1 

..22.4..egne.ee4.- eadeaaaaa I- c9 Iii ' 2 o" ." hi e al à« d::dg::aaad:aaad 
100 B B A A AA AAC AAABACABAA AAC 

200 

400 

600 

B A ABAABAAC A AAA ABA A 

AA A A ABAABAACABAA 

B B 13 B BB 
_ 
BBB B B AFIAABAAC ABAAABACABAABAAA 

1,000 B BB B É B B B BAABAAC ABAAABACABAABAAA 

1,500 B BB BBB B B B B B B BB B 

2,000 B BB BBB • B B B B B 

a 

2,500 

3,000 

4,000 

5,000 

6,000 

7,500 

10,000 

BB BB BB BBB. B B B B B Standard Capacitance 
. Tolerances 

B B B B B B B B B B B B 
0.001pf 

0.003, 0.006 
and 0.01pf 

0.02, 0.05 
and 0.1pf 

0.25, 0.5 
0.75 and 1pf 

styles 04-13 1 
, 

Above 1µf 

+60% -25% 

+40% - 20% 

+20% -20% 

+20% -10% 

±10% (K) 
±20 % (M) 

+10% -10% 

It li B B B B B B B B B 

It B B B B B B B B B 

It B BB B B B B B 

B B B B B B B , B 

B B B B B B B B 
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FIG. 1—Sketch of an X-band model of resonant ring diplexer constructed of standard 
wave guide components 

By T. H. MORIARTY*, Melpar, Inc., Falls Church, Va. 

4,4 

Interior view of disk-tykee resonant ring 
diplexer showing couplin arrangement 

Resonant Ring Diplexing 
For simultaneous transmission and reception on a single antenna, a diplexer 

constructed of symmetrical directional couplers and a resonant ring provides 

excellent isolation between transmitter and receiver in forward scatter com-

munications systems 

HIGH GAIN REQUIREMENTS of an-
tennas for forward scatter 

communication systems result in 
large and expensive radiating ele-
ments. Diplexers are designed to 
permit siimultaneous transmission 
and reception on a single antenna, 
thereby greatly reducing the space 
needs and high cost of such systems. 

In permitting simultaneous trans-
mission and reception on a single 
antenna, the diplexer must provide 
sufficient isolation of the receiver 
from the transmitter. This is diffi-
cult to achieve because of the large 
difference existing between the 
levels of transmitted and received 

iaIs, approaching 200 db in 
.ases.' Consequently, the sig-
manating from the trans-

mitter at the receiver frequency 
must be attenuated to a level less 
than that of the minimum detect-
able signal. With care, the spurious 
output from the transmitter at fre-
quencies removed from the carrier 
by a few percent or more can be 
held to 100 or 150 db below carrier 
level. Thus for satisfactory diplex-
ing, it is usually necessary to pro-
vide an additional attenuation. 

Diplexing Devices 

Diplexing techniques of forward 
scatter systems utilize either 
branching filters, lumped circuit 
elements, or polarization devices. 
Lumped circuit elements are used 
only in low-frequency ionospheric 
scatter systems; polarization de-

vices are feasible only in the higher 
frequency tropospheric scatter sys-
tems. However, r-f branching filters 
are used for diplexing purposes 
in both ionospheric and tropo-
spheric scatter systems. Coaxial-
type branching filters are used 
with frequencies as high as 1,000 
me, while the wave-guide type is 
used as low as 750 mc. 
A new diplexing technique has 

been developed which is based on 
the use of symmetrical directional 
couplers in conjunction with a res-
onant ring. The diplexer is a four-
port device which can be tuned to 
resonate at any frequency within a 
given band. Tuning can be achieved 

• Now with Page Communications Engi-
neers, Inc., Washington, D. C. 
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Though developed primarily for X-band service, the principles involved in design of the resonant ring diplexer can be applied to other fre— 

quencies, as demonstrated by this scaled-up S-band version 

in Forward Scatter Systems 
either by varying the effective 
broad dimension of the guide or 
the effective length of the ring. At 
resonance, the ring couples the re-
ceiver signal from a main feed line 
which is connected to both the 
transmitter and the antenna. A 
second directional coupler is located 

4 HOLES 0 339° DIA 
EQUALLY SPACED ON 

2° CTRS 

CENTER HOLE 
0.209"DIA 

symmetrically on the ring with re-
spect to the first coupler. 
Energy coupled by the first cou-

pler is coupled out of the ring by 
the second coupler into another feed 
line. The receiver is connected to 
one end of this feed while a load is 
connected to the other end. At the 

Fig. 2—Sketch shows overall dimensions of disk-type resonant ring diplexer 

transmitter frequency, an isolation 
of 50 to 60 db is achieved by this 
device. Isolation of 20 to 30 db is 
achieved between the receiver and 
the transmitter spurious signal at 
the receiver frequency. A number 
of these devices can be used in 
combination to provide additional 
isolation between the transmitter 
and the receiver at the transmit 
frequency and at the spurious re-
ceiver frequency signals from the 
transmitter. The resonant ring 
also has application as a conven-
tional filter, a multiplexer, a multi-
coupler, and a television diplexer. 

Chief Problem 

The principles underlying the 
resonant ring diplexer have been 
discussed in the literature.2 ' The 
diplexer development described here 
is concerned largely with X-band 
wave guide in the 8,000 to 10,000 
me range. The chief problem in ob-
taining a diplexer with low loss on 
the receiver side is the determina-
tion of an optimum array of cou-
pling holes for the directional 
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couplers in the device. 
An X-band wave guide model of 

the resonant ring diplexer is shown 
in Fig. 1. The ring section of the 
diplexer is designed to have a total 
length which is an integral number 
of wavelengths at the desired res-
onance frequency. The diplexer, 
which is a symmetrical device, has 
four ports as shown in the figure. 
Power fed in at C at the resonant 
frequency of the ring couples 
through the ring and is taken off 
at A. This transfer of power simu-
lates the condition at which the 
incoming signal from the antenna 
is coupled to the receiver. For a 

seven holes in each coupler. The 
sizes of the holes are tapered to the 
extent that the holes on each end 
have a diameter of 11/32 in., while 
the remaining five holes have a di-
ameter of 3/8 in. The optimum 
center-to-center spacing between 
holes is 0.431 in. The wall thickness 
of the coupler is 0.05 in. 

Larger values of isolation can be 
achieved by connecting two or 
more of these diplexers in the 
proper combination. 
The test data on this model show 

that resonant points occur at 8,155, 
9,010 and 9,950 me over the 8,000-
to 10,000-me band. The 900-me 

FIG. 3—Performance curves for disk-type diplexer. (A) shows vswr and insertion loss 
characteristics. Curves in (B) indicate isolation between transmitter and receiver and 
coupling between antenna and receiver 

power input at C at a non-resonant 
frequency, all of the power emerges 
at D. This condition simulates the 
flow of transmitter power to the 
antenna. For this arrangement, the 
receiver input is taken off at B. 
A measure of the isolation between 
transmitter and receiver at the 
transmitter frequency, is then the 
difference in power level between 
ports C and B in db. 

Preliminary tests show that iso-
lation ranging from 48 to more 
than 62 db can be obtained between 
these ports for the 9,200- to 9,900-
me range. The resonant-ring di-
plexer has the additional feature 
that (for power input at C) any 
spurious component of the trans-
mitter frequency which occurs at 
the receiver frequency is coupled 
into the ring but taken off at A, 
which is isolated from the receiver 
port at B. 

In-line Array 

Best results for the diplexer 
shown in Fig. 1 are obtained with 
coupling having an in-line array of 

spacing between resonant points is 
obtained with a ring path length 
of 5 wavelengths at 9,000 me. The 
test data also show that the inser-
tion loss between the antenna and 
the transmitter at the transmit fre-
quency is of the order of 0.2 db. 
The loss between the antenna and 
receiver at the receiver frequency 
of this model averages 1.5 db. 

Disk Diplexer 

A disk type ring diplexer is 
shown in Fig. 2. Tuning of this 
ring is accomplished by varying the 
distance between the two disks 
which form the rectangular wave-
guide path. 
The coupling arrangement which 

gives the best results consists of an 
array of 13 coupling holes with a 
diameter of 11/32 in. except for the 
two end coupling holes. These end 
holes are each 9/32 in. in diameter 
and provide a slight taper to the 
coupling hole array. The center-to-
center spacing between holes is 
0.431 in. as before, and the wall 
thickness is 0.05 in. 

The disk type resonant ring di-
plexer can be tuned over half the 
range between resonant points by 
increasing the broad waveguide di-
mension from 0.96 to 0.98 inches. 
However, insertion losses are intro-
duced by the tuning and these losses 
have not been completely evaluated. 
The tuning effect is obtained by 
changing the broad waveguide di-
mension with shim stock inserted 
between the two halves of the cir-
cular diplexer. 
Data shown in Fig. 3 are typical 

of those recorded for the disk type 
ring. In plotting these data, port C 
is considered the transmitter input 
and it is also taken as the zero loss 
reference level for power. Port D 
is then the antenna input. At fre-
quencies for which the ring is not 
resonant, all of the transmitter 
power goes to the antenna at port 
D. Under these conditions, it can 
be seen from Fig. 3A that the 
power loss between C and D is much 
less than 1 db in most cases. How-
ever, at the three resonant fre-
quencies (8.3506, 8.9527, and 9.6021 
kmc), power from the transmitter 
couples through the ring and 
emerges at port A. At these points 
the transmitter power at the an-
tenna is down by 27 db, while the 
power loss between C and A is only 
0.6 db. At these frequencies most 
of the power is transmitted through 
the ring. 

These data indicate a 0.6-db in-
sertion loss between the antenna 
and the receiver at the receiver 
frequency. Insertion loss between 
the antenna and transmitter at the 
transmit frequency is of the order 
of 0.1 db with a vswr of about 1.06. 
Curves showing the values of isola-
tion and coupling achieved with 
this diplexer are shown in Fig. 3B. 
The author would like to acknowl-

edge the advice and assistance of 
J. P. Shelton, F. B. Facchine, and 
R. Glass. 
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double action CONTACT 
MOLDED PRINTED WIRE 

EDGE CONNECTORS: 
SINGLE AND DUAL 

CONTACT TYPES 

Insulation is among the best available 
from both the electrical and mechanical 
standpoints. 

Contacts are especially designed for minimum 
printed circuit card wear, low insertion force 
and positive contact with the printed wire 
board. 

The lack of sharp radii in the contact design 
makes it possible to offer this contact in either 
Beryllium copper or Phosphor Bronze. Due to 
the use of heavier material in the contacts the 
tails are more rigid than those in similar con-
nectors that are presently available. 

ORDERING INFORMATION 

In ordering use base number, 29029 or 29028, 
followed by the number of contacts, then contact 
material and then the letter indicating position of 
the polarizing contact. For example 29029.12.A.E, 
or 29028.16-8.E. 

Contact tail as shown available now, wire wrap 
and dip solder type contacts in the near future. 

Single Contact Type No. 29029 A or B* 
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CINCH U.S.A. 

CC 

7,p 
Single Contact Type No. 29029 A or 1* 

Made in 6 through 25 contacts inclusive. Designed for nominal 'S .6" 

printed wire board, either single or two sided copper. A polarizing 

contact made of brass, Sel-Rex gold plated, can be placed in any 

contact position. Insulation material is of glass filled Dially1 Phtha-

late (Type GDI-30 per Mil. M-19833). Contacts are of Beryllium 

Copper or Phosphor Bronze with Sel-Rex gold plate .00003 mini-

mum. Terminals are mounted on .156" centers. Mounting holes are 

.128" dia. 

.14tmr4AltS , Uvw› , I 44 44 CC 

CINCH U.S.A. 

2iO I 

Dual Contact Type No. 29028 A or 8* 

Made in 12 through 50 contacts in multiples of two. Designed for 

nominal 1/16" printed wire board, copper clad on both sides. 

Contacts, polarizing contact, insulation and mounting holes are 

the some as described for No. 29029. 

'A-Phosphor Bronze Contact • B-Beryllium Copper Contact 

CINCH MANUFACTURING COMPANY 
1026 South Homan Ave., Chicago 24, Illinois 

Division of United-Carr Fastener Corporation, Boston, Mass. 

VOLTAGE BREAKDOWN: AC RMS DC 

iea level (adj. terminals)  2500 3800 
kltitude 3.4 HG. 50,000 ft. (adj. terminals)  900 1200 
kltitude 1.3 HG. 70,000 ft. (ad¡. terminals)  600 850 

VOLTAGE RATINGS: 

Iea level (adj. terminals)  830 1270 
kltitude 3.4 HG. 50,000 ft. (adj. terminals)  300 400 
dtitude 1.3 HG. 70,000 ft. (adj. terminals)  200 280 

ECOMMENDED WITHSTANDING VOLTAGE:  

ea level (adj. terminals)  1870 2850 
atitude 3.4 HG. 50,000 ft. (adj. termina(s)  675 900 
,Ititude 1.3 HG. 70,000 ft. (adj. terminals)  450 640 

'ortent Rating 10 Amperes 

ontact resistance at 7.5 amperes 0.0027 Ohms Max. 
teasured with nominal thickness 
tinted wire board. 
Isolation resistance 5000 Megohms Min. 
Isolation resistance (immediately after 100 Megohms Min. 
5 hours at 90.95% R.H. and 40° -L.-2° per 

Inna c.rn •Ift•In 

Single Contact Type No. 29029 

BASE NUMBER 
DIMENSIONS 

NO. CONiAC TS A 8 C 0 

19029 6 1 098 1.239 1.531 1.785 

29079 7 1 254 1.395 1 687 1.941 

29029 8 1.411 1.552 1 844 2 098 

29029 9 1 567 1.708 2 000 2 254 

29029 10 1.723 1.864 1.156 1.410 

29029 11 1 879 2 020 2 312 2.566 

29029 12 2 036 2.177 2.469 2 723 

29029 13 2.198 2.333 2.625 2 879 

29019 14 2 348 2.489 2 781 3 035 

29029 15 2 504 2.645 2.937 3 191 

29019 16 2.661 2.807 3 094 3 348 

29029 17 2.817 2.958 3.250 3 504 

29029 18 2.973 3.114 3 406 3 660 

29029 19 3.129 3.270 3 568 3 816 

29029 20 3 286 3.427 3.719 3 973 

29019 21 3 442 3.583 3 875 4.129 

29029 22 3 598 3.739 4.031 4.285 

29029 23 3.754 3.895 4.187 4.441 

29029 24 3 911 4 052 4.244 4.598 
'ens. ,• • ,,,,s • ,4 • 

Centrally located plants at 
Chicago, Illinois; Shelbyville, 
Indiana; LaPuente, California, 

St. Louis, Missouri 

Dual Contact Type No. 29028 

BASE NUMBER I 
DIMENSIONS 

CON?FACTS A s C D 

29028 11 1 098 I 239 1 531 1.785 

29078 14 1.254 1 395 1.687 1.941 

29028 16 1411 .557 1.844 2 098 

29028 18 1.567 1.708 2.000 2 254 

29028 20 1 723 1.864 2.156 2.410 

29028 21 1.879 2.020 2 312 2.566 

29028 14 2.036 2.177 2.469 2.723 

29028 26 2.192 2.333 2.625 2 879 

29078 28 2.348 2.489 2 781 3 035 

29028 30 2.504 2.645 2 937 3 191 

19028 32 2 661 2.802 3 094 3 348 

29028 34 7.817 2.958 3.250 3 504 

29028 36 2.973 3.114 3.406 3.660 

29028 38 3 129 3.270 3.562 3.816 

29028 40 3 286 3.427 3 719 3 972 

29028 42 3 442 3.583 3 875 4.129 

29028 44 3 598 3.739 4 031 4.285 

29028 46 3.754 3.895 4 187 4.441 

29028 48 3 911 4.052 4 344 4.598 

29028 00 4 067 4 208 4 500 4.754 



ELECTRONICS REFERENCE SHEET 

Radar's Running Rabbits 
By RICHARD A. WALL, Motorola Inc., Systems Research Laboratory, Riverside, Cal. 

W HEN A SEARCH radar (a 
victim) is exposed to pulse 

interference from another radar 
or pulse source (a culprit) whose 
pulse repetition frequency is 
nearly equal to a multiple or sub-
multiple of its prf, a running 
rabbit type of interference pat-
tern appears on the victim's ppi. 

Typical patterns are shown in 
Fig. 1A, where the victim prf is 
just below the culprit's. In Fig. 
1B the victim's prf is slightly 
higher than the culprit's. 
Sometimes radars are operated 

in close proximity so that com-
plete elimination of the interfer-
ence is not feasible. By closely 
examining running-rabbit pat-
terns and applying nomographs 
that describe running - rabbit 
parameters, a victim can deter-
mine the prf of the culprit, thus 
getting a clue that helps deter-
mine the culprit's identity. 

Nomograph Derivation 

The charts in Fig. 2 and 3 are 
derived from equations that ex-
press parameters of running rab-
bits. When the prf's of both 
radars are nearly equal, f, = 

-±- RSi applies, where f, 
prf of culprit in pulses/sec. 
prf of victim in pps, R = azi-
muth scan rate of victim radar 
in rps, and Si = spirals/revolu-
tion of victim ppi. 
When the radar prf's are not 

approximately equal, f« = q/p(f, 
±-- RS,) applies, where q is the 
number of spirals that are gen-
erated simultaneously and p is 
the number of the ppi sweep that 
occurs with the appearance of a 
spiral group, counting sweeps 
from the appearance of the 
previous spiral group. 

If azimuth scan rate is vari-
able or unknown, a stopwatch 
can be used to determine IS2, the 
number of spirals appearing in 

(A) f,r<t e (8) fv>f, 

FIG. 1—Running-rabbit patterns 

T2 sec. These terms modify each 
of the equations listed above to 
obtain f„ = q/p(f, ± S,/T,). 
Assume that two radars inter-

fere with each other and blank-
ing circuits are not feasible. 
Pulse rates are about 1,600 pps. 
Interference is to be constrained 
to a recognizable number of 
spirals. What is the maximum 
difference in pulse rates that pre-
vents more than four spirals 
from appearing in a 5-sec inter-
val ? 

Align a straightedge between 
the number of spirals (4) and 
the reciprocal of the time (0.2) 
as shown by line A of Fig. 2. 
Maximum allowable difference is 
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FIG. 2—Differences between prf's is func-
tion of S and either scan rate or 1/T 

0.8 pps. This value dictates 
stability and accuracy limits of 
the timing generators. 
The number in the right-hand 

axis is either the scan rate or 
the reciprocal of the number of 
sec in which a desired number of 
spirals appears. 

Interference on a 20-rpm dis-
play causes nine spirals in two 
revolutions of the display. 
Spirals appear three at a time, 
each group consisting of blips 
that occur every fourth ppi 
sweep. If the victim pulse rate 
is 480, what is the interfering 
rate? 

Values of q (3) and p (4) de-
termine the right-hand point of 
the line in Fig. 3. Interfering 
frequency is about 360 pps. 

Since there are 4.5 spirals/rev, 
4.5 fixes the left-hand point of 
line B in Fig. 2. Right-hand point 
of line B is 0.33 rps. Line B in-
tersects —1.5 pps (minus be-
cause of a Fig.-1B pattern). 
Thus 358.5 pps is the exact value 
of the culprit prf. 
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FIG. 3—Fractional-frequency relationship 
between victim and culprit radars 
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Experience—the added alloy in A-L Electrical Steels 

-41.1 

  1111111111111 

200 2000 

GAUSSES —STANDARD TEST FLUX DENSITIES 

.014 and .006 Strip 

Greater permeability for 
Allegheny Ludlum's AL-4750...and it's guaranteed 

promises more consistency, higher predict-
ability for magnetic cores 

AL-4750 nickel-iron strip now has higher guaranteed per-
meability values than ever before. For example, at 40 
induction gausses AL-4750 now has 57% higher perme-
ability than in the past, using the standard flux den-
sity test. 

This greater permeability means better consistency and 
predictability for magnetic core users . . . and allows 
careful, high performance design. 

This improvement in AL-4750 is the result of Allegheny 
Ludlum's continuing research on electrical alloys and 

WSW 7491 

nickel-bearing steels. Moly Permalloy has been similarly 
improved in permeability. A-L constantly researches sili-
con steels, including A-L's well-known grain-oriented 
silicon, Silectron, and other magnetic alloys. 
Complete facilities for the fabrication and heat treat-

ment of laminations are available at Allegheny Ludlum. 
And A-L's technical know-how guarantees you close gage 
tolerance, uniformity of gage throughout the coil and 
minimum spread of gage across the coil-width. 

If you have a problem on electrical steels, laminations 
or magnetic material, call A-L for prompt technical as-
sistance. Write for blue sheet EM-16 for complete data on 
AL-4750. Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. Address Dept. E-19. 

ALLEGHENY LUDLUM 
STEELMAKERS TO THE ELECTRICAL II NDUSTRY 

Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17 

Export distribution, Laminatioes: AD. AURIEMA, NYC 4 
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RESEARCH AND DEVELOPMENT 

Plasma Study May Open Radio Bands 
FURTHER INSIGHT into nuclear fu-
sion and a bonus of generating and 
amplifying frequencies between the 
microwave and infrared ranges may 
be the results of recent experi-
ments. The research program led to 
successful reproduction in the lab-
oratory of one of the ways in which 
the sun generates and amplifies ra-
dio signals powerful enough to be 
picked up millions of miles away 
by radio telescopes. 

California Institute of Tech-
nology engineers conducted the 
study with support of the Office 
of Naval Research and the Army 
Signal Corps. 

Corona 

Certain features of the sun's 
outer atmosphere, or corona, were 
simulated and were able to am-
plify radio signals 100 to 1,000 
fold. Success of the experiments 
verifies a long-held theory of one 
of the ways in which the sun pro-
duces the roaring hiss which has 
been picked up by radio telescopes. 
Previous attempts to substantiate 
this theory had failed. 
The research began three years 

ago by developing vacuum tubes 
containing a plasma which was 
at a lower temperature but the 
same density as the corona atmos-
phere. Temperature of the corona, 
several million miles above the 
sun's surface, is estimated to be 
1,000,000 F. However, the engi-
neers decided it was not necessary 

to attempt to duplicate the corona's 
high temperature to produce the 
amplification process. 

Amplification Mechanism 

It was believed that one of the 
key mechanisms for producing the 
sun's radio signals came from 
outbursts of particles from the 
solar surface and that these caused 
radio noise signals to be amplified 
as they went through the corona 
en route to outer space. 

In the experiments, mercury gas 
was introduced into the vacuum 
tube and an electric current was 
passed through it. This formed 
the plasma of the gas, similar to 
the sun's corona. The plasma is 
formed when the temperature of a 
gas is raised to the point at which 
its atoms start coming apart. The 
first symptom is when electrons 
break loose from their atoms and 
dart about freely in the gas. 
The vacuum tubes are designed 

so that a continuous beam of elec-
trons can be fired through them. 
Some previous researchers also had 
fired beams through the plasma 
in hopes of generating radio waves. 
However, because they did not send 
the electron beam through the 
plasma in high frequency bunches, 
they failed. 

In the present program this was 
done in two different ways and 
success was achieved with both 
methods. The high-frequency en-
ergy was applied on the beam and 

Fast Camera Shows Metal Fatigue 

Collapse of cavitation bubbles against surface of plastic bar generates damaging strain 

waves. Electronic techniques control Ellis camera at Calif. Institute of Technology to get 
exposures of about 1/20µsec with intervals of 1/200 millsec between photos. Four photos 

at left show progressive stages of collapsing cloud of bubbles, with fourth picture catching 
strain wave in plastic (shadow bulge below surface of plastic and by fainter shadow 
fanning out below it). Right photo shows new cloud of bubbles forming. Continual 

pounding of collapsing bubbles fatigues toughest metals 

also on the plasma. In both in-
stances, the plasma jiggled with 
jelly-like oscillations as the electron 
beam was shot through it. 

In passing through the jiggling 
two inches of plasma, the high-fre-
quency waves were amplified up to 
1,000 times. In effect, the jiggles 
intensified the waves of electrons 
in the beam. 

Applications 

This method of amplification is 
actually not too efficient. Man has 
developed other ways to amplify 
radio signals more effectively. How-
ever, the investigation opens the 
possibility of using the electron 
beam to find out more about plas-
mas—the so-called fourth state of 
matter (with solid, liquid and gas) 
—which are involved in develop-
ing nuclear fusion power. One idea 
would be to shoot electron beams 
through different plasmas and ob-
serve how the plasmas change the 
beam. Another would be to look for 
radio signals generated when the 
beam interacts with the plasma in 
a related but different fashion. 
The group is also investigating 

the possibilities of using the mech-
anism to develop amplifiers and os-
cillators at higher radio frequen-
cies than now possible—frequencies 
between the microwave and infra-
red ranges. These would be useful 
in the diagnosis of plasmas in-
tended for fusion energy research, 
in research on molecular structure 
and to open up possible new radio 
communications bands. 

Circuit Substitutes 
As Larynx 
EXPERIMENTAL artificial larynx has 
been announced by Bell Laborato-
ries for persons who have lost their 
voices through surgical removal or 
paralysis of their vocal cords. Great 
impetus to development of the de-
vice was given by the National Hos-
pital for Speech Disorders. 
With limited difficulty and train-

ing, patients are said to be able to 
use the electronic larynx to speak 

a 
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Vital equipment in this Jupiter missile is protected 24 hours a day, month after month, 

by a specially designed Ellis and Watts refrigerated-type Dehumidifier. In the various 
compartments of the Jupiter missile this E-W Unit constantly maintains perfect 
environmental conditions during long periods of standby and storage. Without this 

specialized Dehumidification Unit, moisture and condensation could cause deteriora-
tion of vital equipment and one of our most important weapons would never even 
get off the ground! 

Designing and building specialized dehumidification units for electronic or 

mechanical gear is our business at Ellis and Watts. Units of any capacity, configur-
ation, control requirements or functions can be designed and built to any applicable 
military or commercial specifications. And, Ellis and Watts units will function 
perfectly in any climate conditions on earth. 

For additional information on specialized dehumidification units for electronic 
or mechanical gear, write for bulletin 135-E. 

E-W refrigerator-type 
Dehumidifier, developed 
especially to protect 
vital equipment in 
the Jupiter missile. 

without E-14/ dehumidifiers, the 
Jupiter would disown in its own 
sweat! 

ELLIS AND 
WATTS 
PRODUCTS, INC. 

P. 0. Box 33-EE, Cincinnati 36, Ohio. 

room c rpri Li /rA Irmo cçmoirc rAfinn 
Jupiter missile developed by the Army 

Ballistic Missile Agency for operational use by 



ECM ... 
today's TROJAN HORSE 

One of the many absorbing areas of investigation avail-
able to gifted engineers at Melpar is the Research and 
Development aspect of ECM systems. 

The mature engineer's capacity to reach deeply into 
provocative lines of inquiry is particularly valued and 

encouraged at Melpar. Your own intellectual dimensions 
govern remuneration and assignments. 

Opportunities are now available at Melpar in the following areas: 

Reconnaissance Systems 
Airborne Equipment 
Ground Data Handling Equipment 
Ground Support Equipment 

Simulation & Training Systems 
Communication & Navigation Systems 

Detection & Identification Systems 
Antenna & Radiation Systems 
Chemistry Laboratory 
Applied Physics Laboratory 
Production Engineering 
Quality Control 

INTERVIEWS ARRANGED IN YOUR LOCALE 

For Details 

Wire Collect or Write to: 

Professional 

Employment Supervisor 

MELPAR N 
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

3306 Arlington Boulevard, Falls Church, Virginia 
10 miles from Washington, D.C. 

conversationally. It is especially ef-
fective when conversing over the 
telephone. 
Using a finger-operated combina-

tion push-to-talk switch and inflec-
tion control, the user can easily con-
trol pitch of his artificial voice, 
giving his speech a natural sound-
ing quality previously unobtainable. 

Operating Principle 

The underlying principle of the 
new artificial larynx is a transducer 
held against the throat. Self-con-
tained and cylindrically shaped, it 
measures only lî inches in diameter 
by 31 inches long—sufficiently un-
obtrusive for the user. 

Included in the package is a modi-
fied telephone receiver serving as 
the throat vibrator or transducer, a 
transistorized pulse generator with 
pitch control and a battery power 
supply. To miniaturize the artificial 
larynx, experimental units were 
built using modular techniques. 
However, by using printed-circuit 
techniques it is anticipated that an 
even more compact unit can be built. 

i2 700 1,500 

— — CONTROL PITCH 

250K 

2 Nih 699 

680 INI37  I 
200 0.3 
i__.2N188A 

10V 

II 

510e 51 

2NI74 

FIG. 1—Multivibrator and single-ended 
output amplifier provide good compromise 
between maximum output power and 
minimum current drain 

In operation, the user presses the 
vibrator against his throat. Switch-
ing on the pulse generator with his 
finger, he transforms vibrations 
transmitted into his throat cavities 
into speech sounds by normal use 
of the articulatory mechanisms— 
throat cavity or pharynx, tongue, 
mouth, teeth and lips. 

Output speech volume is equal to 
that of a person speaking at a nor-
mal conversational level, though the 
sound is a bit buzzy and mechanical. 
Nevertheless, the frequency spectra 
of vowel sounds show that the f re-
quency range transmitted into the 
person's throat is sufficient for sat-
isfactory production of such sounds. 
Users of the new device can achieve 
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a sentence intelligibility of 97 per-
cent or more, depending on their 
experience. 

Circuit 

Because the artificial larynx re-
- quires an economical, self-contained 

power source, parameters had to 
be adjusted to yield maximum 
acoustic output with minimum cur-
rent drain. Accordingly, two tran-
sistors are used in a relaxation 
oscillator whose frequency is con-
trolled by a variable resistor and 

• whose pulse width is determined by 
a feedback network, as shown in 
Fig. 1. 

Output is a negative pulse which 
occurs at a frequency of about 100 
cps. This repetition frequency may 
be varied from about 100 to 200 cps 
by a rheostat which the user oper-
ates by pressure on the push-to-talk 
switch—or inflection control—while 
speaking, thus changing the pitch of 
his voice. For use by women, the 
frequency range is adjusted to 200 
to 400 cps, to correspond with the 
normal range of a woman's voice. 
A third transistor acts as a sin-

gle-ended power output stage that 
amplifies the pulses applied to it 
from the relaxation oscillator. A 
diode isolates the multivibrator 
from the power amplifier input im-
pedance during the period between 
pulses and is necessary for stable 
operation. Because a large pulse is 
required for sufficient acoustic 
power output at low frequencies, 
the oscillator drive circuit has 
heavy current requirements. 
Two 5.2-v mercury cells in series 

provide the power necessary to op-
erate the device continuously for a 
period of about 12 hours. These bat-
teries have a 250-ma hour rating 
with maximum permissible current 
drain of 25 ma. With push-to-talk 
operation such as the patient re-
quires, 12 hours of continuous oper-
ation should be equivalent to several 
days or even weeks of normal talk-
ing. 
An alternative to using the self-

contained mercury cells for power-
ing the artificial larynx is a small 
a-c power supply which can be fed 
from a normal wall outlet at home 
or in the office. When the artificial 
larynx is plugged into the power 
supply, its batteries are discon-
nected from the circuit. 

NEW IDEAS IN 
PACKAGED POWER 

Series 1000. 

Easy-to-use compact Beta Series 1000 high voltage 
supplies come in 13 different models, providing volt-
ages up to 60kv dc and currents as high as 500 ma. 
Adjustable output voltage (0 to max. rating with 
coarse and fine controls); extremely low ripple; easy, 
rapid polarity reversal and full metering are a few 
outstanding features. 

for lab, production test, 

test maintenance, or as a 

component or subsystem 

in your own products 

Single-unit, 
rack-mounting 
supplies to 601W 
Available ranges and 
current capacities: 

Output Current 
(DC KV) (Max. MA) 

0-1 500 
0-3 200 
0-5 10 or 100 
0-10 2, 10, or 50 
0-15 5, or 10 
0-30 2, 5, or 10 

• 5 @ 50 KV 
1 -2": 60 KV 

Inputs: 117 vac, 60 cps, single phase 

0-60 

HV DC TO 250KV WITH MAXIMUM 

CONVENIENCE, SAFETY 

Series 2000— control section (left). 
Series 2000— high-voltage section (right). 

Simple to operate, conservatively rated to insure 
long, optimum performance with maximum safety, 
Beta Series 2000 supplies come in thirteen different 
models, with maximum voltages ranging from 1 to 
250kv dc. Output voltage continuously adjustable 
from 0 to maximum. Two-unit design allows optional 
remote operation of high voltage circuits. For maxi-
mum voltages less than 30 kv, the high-voltage unit 
is air-insulated; for higher voltages, oil-insulated 
(shipped dry). Every precaution is taken to insure 
personnel and equipment safety. 

Two section 
supplies to 250KV 
Available ratings: 

Output Current 
(KV DC) (Max. MA 

continuous) 

3000 
1000 
500 

200 
150 
30 
100 
10, 50 

5 
25 
5 
10 

0-1 
0-3 
0-6 
0-10 
0-20 

0-30 
0-30 

0-50 
0-120 
0-120 
0-150 
0-250 

Inputs: 117 vac, 60 cps. 

single phase 

Sorensen markets the widest line of controlled power equipment available today, 
including: Regulated a-c and d-c supplies, unregulated power supplies, frequency 
changers, inverters, and converters, SAMES electrostatic generators for regulated 
voltages up to 600 kv dc, voltage reference sources, high-voltage d-c overpotential 
testers and high-potential test equipment. 

An exceptionally wide selection of standard models is available and experienced 
Sorensen engineers are always glad to discuss your special needs. 9.13 

SORENSEN citt COMPANY, INC. 

Richards Avenue, South Norwalk, Connecticut 

O ete4,4-e— 
WIDEST LINE OF CONTROLLED-POWER 

EQUIPMENT FOR RESEARCH AND INDUSTRY 

IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A, Mexico City. 
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COMPONENTS AND MATERIALS 

Power Divider Splits Signal N-Ways 
By ERNEST J. WILKINSON, Electronics Dept., Missile Systems Lab., Sylvania Electronic Systems, Waltham, Mass. 

IN THE FIELD of phased arrays, 
there are many applications for a 
simple, compact power divider 
which splits a signal into n equal 
parts where n may be odd or even. 
At the Sylvania Missile Systems 
Laboratory, an experimental eight-
way power divider has been built 
which preserves equality of phase 
and amplitude of the outputs inde-
pendent of frequency, and also pro-
vides isolation between outputs over 
a limited range of frequencies. All 
terminals are matched to their re-
spective loads over the same band. 
The power divider has a mini-

mum isolation of —27 db between 
any pair of output terminals an 
output vswr of 1.6, and an input 
vswr of 1.2. 
The power divider, shown in Fig. 

1, consists of a coaxial line in which 
the hollow inner conductor is split 
into n equal splines of length X/4. 
One end of each spline forms an 
output terminal connected to the 
other output terminals by resist-
ances R. The other end of the 
splines are shorted together at the 
input end of the power divider, and 
then tapered down to a standard 
connector to reduce discontinuity 
capacitance. 
Power entering the input ter-

Cables here shown being connected to 
power divider, lead to elements in helical 
antenna array 

x SPLINE() 
4 INNER 

CONDUCTOR 

FIG. 1—Schematic shows construction of N-Way Hybrid Power Divider 

o 
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OUTPUT TERMINAL NUMBER 

FIG. 2—Plots of isolation between output 
terminals 

minal divides symmetrically at the 
junction of the splines and travels 
along the equilength transmission 
lines formed by each spline and the 
outer shell to provide equiphase, 
equiamplitude signals at the out-
put terminals independent of fre-
quency. 

If a signal is reflected back into 
one of the output terminals, a por-
tion of it travels back to the com-
mon junction where it splits up be-
tween the generator and the n-1 
remaining outputs, the remainder 
of the reflected signal being coupled 
directly to the other outputs 
through the resistors. 
The two signals are made to can-

cel each other by proper choice of 
R, and the characteristic imped-
ance Z. of the line formed by each 
spline and the outer shell. 
The conditions for isolation are 

Z = Vn R. and R, = R. independ-
ent of n. 

Isolation and Vswr 

Figures 2 and 3 show the isola-
tion and vswr characteristics. Iso-

I.8 
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3 1.4 

1.2 

LO 

1 
450 MC 

, , -.... ... "... .. 

.500 MC 
550 MC 

INPUT 
VSWR MC 

1.36 450 
1.20 500 
1.84 
, 550, 

3 4 5 6 7 
OUTPUT TERMINAL NUMBER 

NG. 3—Voltage standing wave ratio at 
output terminal 

lation is a minimum of —27 db 
at the design frequency of 500 
mc. Figure 2 shows that isola-
tion between output terminals is 
not uniform at all frequencies but 
tends toward uniformity between 
450 and 500 me. Isolation is given 
with respect to terminal 1. The iso-
lation between h pair of output 
terminals at all but the center fre-
quency can be shown to be depend-
ent upon the shunt impedance of the 
short circuited line formed by the 
corresponding pair of splines. In 
general, the lower this shunt im-
pedance, the less the isolation. Be-
cause of the geometry of the power 
divider, splines 1-2 cannot have the 
same characteristic impedance as 
1-3, 1-4 or 1-5 and therefore the 
shunting effect is different for each. 
At the frequency for which the 
splines are a quarter wavelength 
long, however, each shorted line has 
an infinite impedance independent 
of its characteristic impedance, and 
all terminals behave alike from an 
isolation standpoint. 

Other factors which complicate 

••• 
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a continuing series on technical topics 

of specific interest to engineers Folio 59-5 

Important factors in 
specifying toroidal inductors 

The powdered molybdenum permalloy toroidal inductor is 
finding increasing use in today's complex electronic equip-
ment. Excellent magnetic stability, superior temperature sta-
bility, high Q values, and small physical size are but a few 
of the outstanding features which explain the popularity of 
molybdenum permalloy toroids. To fully realize the advan-
tages of these inductors, the components application engineer 
must accurately specify those parameters which are of criti-
cal importance in a given application. "Under-specification" 
may result in a component which fails to give adequate per-
formance in the circuit. "Over-specification", on the other 
hand, may result in a component of extremely high cost. An 
understanding of the factors involved in the design and manu-
facture of toroidal inductors at Sangamo will enable the 
components application engineer to effectively judge the 
consequences of his specification in relation to the cost and 
performance of the final product. 

THE EQUIVALENT CIRCUIT of a toroidal inductor is il-
lustrated in figure 1. ro00\._ 

30 , 
) Cd 

FIGURE 1 

 0 b 

It is the so-called "true inductance" of the toroid and is 
assumed to be constant at all frequencies. R represents the 
sum of copper losses and core losses which increase with 
frequency. Cd, the distributed capacitance, approximates the 
capacitance between turns of the winding and between the 
winding and core. Due to the fact that the dielectric constant 
of the insulation on the windings and on the core itself is not 
constant with frequency, the distributed capacity will also 
vary with frequency. This variation, however, is usually small 
and may be neglected in the following discussion. 

THE APPARENT INDUCTANCE (La) is the equivalent 
inductance between terminals (a) and (b). As might be ex-
pected, the apparent inductance varies with frequency. If R 
is neglected the expression for La becomes: 

La = 
Lt 

1 • (A 2 Cd Lt 

Inductors for single frequency or resonant circuit applica-
tions are usually specified in terms of apparent inductance. 
The standard tolerance on La is 1% or one turn whichever 
is greater. 

THE Ci FACTOR is usually specified in lieu of R since 
most applications are concerned with the ratio of inductive 
reactance to equivalent resistance. The accepted method of 
specifying Q is to set a limit on minimum Q at the operating 
frequency or over a range of frequencies. Normally, the Q 
of a given design at a given frequency will vary some 20% 
between units. Where direct current flows through the in-
ductor it may sometimes be desirable to set a limit on the 
d-c resistance as well as on Q. Analysis of the equivalent 
circuit, assuming constant R, shows that: 

w Lt w Lt`-' Cd 
RCd   Qequiv 

From the above equation one may deduce that anything 
which increases the distributed capacitance must necessarily 
reduce the Q. 

DISTRIBUTED CAPACITY becomes most important in 
wide band or multiple frequency applications, since Cd will 
determine the variation of La with frequency. The majority 
of users do not find it necessary to specify Cd. Where Cd 
must be specified, the accepted method is to set a limit on 
the maximum allowable distributed capacitance. An alterna-
tive method of specifying Cd is to set a tolerance on the 
apparent inductance to be measured at two different fre-
quencies (usually corresponding to the upper and lower fre-
quencies encountered in a given application). The design 
engineer controls the Cd by varying the method of winding 
the inductor. In decreasing order of capacity he may choose 
1) random continuous windings; 2) progressive winding, or 
segmented winding. Unfortunately, winding costs increase 
as distributed capacity decreases. Wax or varnish impregna-
tion will increase the distributed capacity. In applications 
where it is necessary to insure that La be reasonably con-
stant over a wide frequency range, it is also usually desirable 
that La be reasonably constant with temperature and with 
time. These features are best achieved using a stabilized core, 
a low capacity winding, and an unfilled hermetically sealed 
enclosure. In this way, the undesirable effects of impregna-
tion may be avoided. 

REQUIREMENTS FOR STABILITY OF INDUCTANCE 
with temperature, with a-c voltage level, and with direct cur-
rent are additional factors which will influence the cost and 
the size of a given inductor. Temperature stabilized cores 
are available only in certain core sizes and are, of course, 
more expensive than the standard unstabilized cores. High 
values of a-c voltage and direct current will lead to larger 
cores and increased cost. 

The Sangamo design engineering department is ready to 
discuss your inductive components problems. Typical ex-
amples of specialty components designed and produced by 
Sangamo are described in engineering bulletin series IC-260. 
Address: Sangamo Electric Company, Inductive Components 
Section, Springfield, Illinois. 

SC-59.S 

SANGAMO ELECTRIC COMPANY, Springfield, Illinois 

--designing towards the promise of tomorrow 
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SPECTROL PRECISION POTENTIOMETERS 

'go-tvea 

Tito*Au 

INTRODUCING THE SPECTROL 

METAL MULTI-TURN PRECISION POT 

Another example of creative engineering from Spectrol, the new Model 590 
10-turn pot features machined aluminum construction with the helical coil 
placed directly against the case for maximum heat dissipation. You can 
expect a longer operating life at higher ambient from the Model 590. 

Non-hygroscopic aluminum case furnishes excellent dimensional stability 

The new pot operates in a relative humidity of 95% over a temperature 
range of —65 to +150°C. It functions above 20g vibration from 55 to 
2000 cps, withstands a 30g shock, and meets all specifications to an altitude 
of 30,000 feet. 
Now in production, the new 590 is available in ranges from 25 to 120,000 
ohms. Standard linearity tolerance is ±- 0.3% with 0.025% on special order. 
Featuring fused-glass sealed terminals flashed with precious metal, the unit 
can be supplied with as many as 48 terminals. Both ends of the shaft are sup-
ported by ball bearings. The 1" diameter unit is also available with non-
linear functions. 

Your nearby Spectrol sales engineering representative 
will be glad to provide complete technical informa-
tion or you may write directly to Dept.187. 

ELECTRONICS 
CORPORATION 
"precision electronic components" 

1704 South Del Mar Avenue, San Gabriel, Calif, 

Power divider used at Sylvania's Missile 
Systems Laboratory in connection with a 
phased array program 

the situation are the finite diameter 
of the line which may be appreci-
able in wavelengths causing the 
center frequency to be slightly be-
low that for which the length of the 
splines is X/4, and the reactive 
nature of the resistors used. 

Th.e 50-ohms resistance found to 
work best at 500 mc was a parallel 
combination of three 150-ohm one-
half watt composition resistors. At 
all frequencies the ratio of power 
out at any output terminal to the 
power into the divider was checked 
and found to be-9db. 

High-Definition 
Photomultiplier 
DESIGNED specifically for use when 
exceptionally high definition is re-
quired in scintillation counting 
and nuclear-radiation spectro-
graphy, the 56AVP Mullard tube is 
now available in limited quantities 
from Mullard Ltd., London. 

In the 56AVP, transit time dif-
ferences under typical operating 
conditions are kept down to 0.3 
millimicroseconds, an improvement 
of about 100 times over normal 
types of tube. As a result, the width 
of the output pulse delivered by the 
tube can be as little as 2 millimicro-
seconds at half height, and the rise 
time of the same duration. 

Electron Optics 

Reduction of transit time differ-
ences is due largely to a specially-
designed input electron-optical sys-
tem consisting of photocathode, a 
focussing electrode, an accelerator 
and a deflector plate. 
The photocathode is curved so 

that the path lengths to the first 
multiplier stage are about equal for 
electrons leaving any part of its 
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useful area. The focussing eke-
-. trode and accelerator concentrate 

the electrons into a single narrow 
path, and compensate for inequali-

- ties in their initial velocities. The 
deflector plate directs the electrons 
onto the first of the secondary 
cathodes. 

8. 

Table I—Photomultiplier 56AVP 

PHOTOCATHODE, end-viewing 

Min. useful dia 42mm 
Peak spectral response. .4200A ±300A 
Average sensitivity ...50µamps/lumen 

MULTIPLIER 
Min. gain at total v• of 2kv 108 
Max. peak anode current lA 
Aver. anode sensitivity at 2kv 

5,000A /lumen 
Dark current at 10° gain.... <5 vamps 
Output pulse at 2 kv 

rise time  2 millimicrosecs 
width at half height.2 millimicrosees 

MECHANICAL 
Max overall height  190mm 
Max seated height  175mm 
Max diameter  55mm 
Base  20-pin 

Uniformity of transit times to 
the first multiplier stage is main-
tained theoughout the tube by care-
ful shaping of the secondary cath-
odes, and by additional focussing 
electrodes, situated between each 
multiplier stage, which progres-
sively narrow the electron beam 
from stage-to-stage despite the 
rapid growth in the number of elec-
trons. 

The peak anode current provided 
dispenses with an external ampli-
fier. The very high anode currents 
delivered by the tube are made pos-
sible by a 14-stage multiplier that 

incorporates opaque, silver mag-
nesium secondary cathodes. 

Ferrite Isolator 
THE FIRST of a new line of ferrite 
isolators for radar systems and 
laboratory uses is available from 
the Solid State Electronics Depart-
ment of the Motorola Military Elec-
tronics Division at Phoenix, Ar-
izona. 

The ferrite isolator is for 6,575 
to 6,875-me C-band applications. 
Isolation loss is 40 db, insertion loss 
1 db, and the vswr is 1.2. The unit 
is rated for a nominal ambient tem-

perature range of 130 to 160 F, 
weighs two pounds, and is five 
inches long. 

PROGRESS REPORT 

Microwave 

wave-guide switches 

In the state-of-the-art of wave-guide switches, TAPCO Group micro-
wave engineers in 1955 pioneered the perfection of switches capable 
of transferring from one band to another under full power, without 
shutting down the transmitter by interlocks. This development 
involved S and L band switches which operate over their respective 
wave-guide frequency ranges with no tuning required. Power tests 
have been conducted on these units, unpressurized, with the S band 
switch transmitting and switching under 4.6 megawatts peak pulse 
power and 4.6 kilowatts average power; and the L band switch trans-
mitting and switching under 9.8 megawatts peak pulse power and 9.8 
kilowatts average power. Each of these tests was limited only by the 
power source available, and not by the performance of the switch. 

An extension of this switching principle has resulted in a unique 
wave-guide-switch-and-power-divider unit which, in its present form, 
is capable of switching full wave-guide power to either one of two 
output wave-guide lines or of dividing the power -equally between 

these lines. 

Other units can be built by the TAPCO Group to give any selected 
power split between the two output lines up to the crosstalk value of 
the basic switch design. Additional possibilities would be a unit capa-
ble of several stepped values of division, or a unit driven at a con-
stant speed and programmed externally to desired power split values. 

The first single-pole, two-throw wave-guide switch for double-
ridged wave-guide operating in the frequency band from 4750 to 
10,500 mc/s was also developed by TAPCO Group microwave engi-
neers. This unit could also handle the full wave-guide power with 
insertion VSWR of less than 1.15/1 and crosstalk greater than 70 db. 

A unique, single-pole, four-throw wave-guide switch recently 
develeped by the TAPCO Group is probably the first high crosstalk 
switch of this type available for microwave systems. It is designed 
to carry full X-band peak and average powers over the entire wave-
guide frequency band of 8.2 to 12.4 kmc/s, with more than 90 db 
crosstalk rejection and a VSWR of less than 1.06/1. 

Other microwave components currently under development at 
TAPCO Group include microwave electronic counter-measure 
antennas; power dividers; non-contacting L-band lobe switches for 
long life, service-free IFF systems; and other transmission 
line subsystems. 

Further information on the capabilities and facilities of the TAPCO 
Group in the development and production of microwave systems 
and components will gladly be sent you on request. 

TAPCO GROUP 
TRW Thompson Ramo Wooldridge Inc. 

9. 
Dept. EL-759 • Cleveland 17, Ohio 
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PRODUCTION TECHNIQUES 

Extra Cation Unit Purifies Water 
DEMINERALIZED WATER of 18 to 20 
million ohms purity is obtained for 
semiconductor device processing, 
through use of an additional cation 
exchanger, reports Bogue Electric 
Manufacturing Co., Paterson, N. J. 

City water is processed in 6 steps. 
Additional chlorine is added since 
the amount in tap water is insuffi-
cient to oxidize organic matter. An 
activated carbon filter absorbs 
chlorine and removes color result-
ing from organic material. 
The water flows through cation 

and anion exchangers, then through 
a second cation unit to prevent al-
kalinity. It is now rated at 1 mil-
lion ohms and is slightly acidic. 
This water is stored in a stainless 
steel tank and is used in relatively 
large quantities for general rinsing. 
Capacity of the system is 20 gal-
lons a minute. 

Polishing Unit 

Smaller amount of final rinse 
water is provided by a mixed bed 
demineralizer polishing unit con-
sisting of polystyrene resin and 
quatenary amine beads in a glass 
column, producing 18 to 20 million 
ohm water. Since the unit is sup-
plied million-ohm water, it will last 
about 2 years under normal demand. 

Details of demineralizing sys-
tems will vary depending on local 
water conditions. A flow diagram 
for a 75 gpm semiconductor plant 
system, also built by Bogue's Belco 
Industrial Equipment Division, is 
shown in Fig. 1. 

City water is filtered by Cape 
May sand and gravel (round par-
ticles prevent excessive packing) 
and 10 by 20 mesh activated carbon. 

CITY WATER 

SAND 
GRAVEL 
FILTERS 

PROCESS 
WATER 

MIXED BED 
DEMINER 
ALIZER 

WASTE...Ft 

FIG. 1—Flow diagram of water purifying 
system used in semiconductor plant 

ACTIVATED 
CARBON 
FILTERS 

1  
AIR SUPPLY 

ANION 

EXCHANGERS 

DEGASS— 
IFIER 

CATION 

EXCHANGER 

.0. WASTE 

Activated carbon, .ation, anion and cation 
units (from right) of 20 gpm system 

Mixed bed demineralizer (right photo) in 
glass tank supplie9 fincsl rinse water 

The cation exchangers contain 
polystyrene resins. The degasifier 
removes carbon dioxide to increase 
the capacity of the divinyl benzine 
(weak base) anion exchanger. A 
strong base material may also be 
used in the anion exchanger. 
The mixed bed demineralizer con-

tains polystyrene resin and quate-
nary amine. To regenerate the 

mixed beds, the lighter cation ma-
terial is separated hydraulically 
from the anion material. They are 
treated and remixed, using air. 
The system contains 2 of each 

filter, 3 of each type of demineral-
izer and 1 degassifier. The addi-
tional units provide uninterrupted 
service capacity during regenera-
tion. 

Backoff Protects Crystal Wafers 
AUTOMATIC RACKOFF mechanism is 
used in an automatic semiconductor 
crystal slicing machine recently de-
veloped by Fitchberg Engineering 
Corp., Fitchburg, Mass. The back-
off (Fig. 1) prevents imperfections 
in the crystal surface. 

After the spindle makes the 
plunge cut, the hydraulic cylinder 
backs the entire work support (in-
cluding the indexing mechanism) 
0.01 inch away from the wheel. The 
spindle can then be raised without 
marking the crystal. The cylinder 
also takes out backlash in the index-
ing mechanism white the cut is 
being made. 

Spindle speed is controlled up to 
9,200 rpm by a Variac. Cutting 
wheel downspeed is regulated by a 
flow control valve which can be 
locked after adjustment. An over-
sized precision spindle is used to 
reduce diamond wheel wear. The 
machine's weight, 2,800 pounds, 
helps prevent vibration. 
The machine is being used by 

WORK 
SUPPORT 

I•YDRAULIC 
CYLINDER 

Mechanism which backs cutting wheel 
away from crystal's cut surface 

rn,rmrn, 1,111 11,1,111, 111111111 
1.1.1'11112.e 02212 el! 

Sylvania Electric Products, Inc., 
Woburn, Mass. Cutting perform-
ance reported by Jack Robertson, 
supervisor of germanium prepara-
tion, is: wafer thickness can be ad-
justed from 0.025 to 0.007 inch, 
±0.0005 inch. Wafers are uniform 
and do not break. 
Two wafers may be sliced at a 

time from ingots up to 4 inches 
long. The ingots are oriented and 
mounted on a steel plate with ad-
hesive. Diamond wheels from 0.01 

s. 
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/r• t choice ... from Cornell-Dubilier 

film 
dielectric 
capacitors 

... for operating temperatures up to 250°C 
Teflon*, Mylar* and Polystyrene Film Dielectric Capacitors, as offered i:ey 
the company with the most extensive experience in the industry, will meet 
your exact requirements. C-D types provide the widest choice of case 
styles, case materials and configurations to meet space, weight and cost 

limitations; and electrical ratings to meet your most exacting environ-
mental, life and performance requirements. For complete specifications on 
any of the types listed to the right, request engineering bulletins from 
Cornell-Dubilier Electric Corporation, South Plainfield, New Jersey. 

Consistently ependable 

CORNELL-DUBILIER 

*TEFLON: -550C to +2500C 

Miniature Metal-case Tubulars 
with glass-to-metal end-seals 

•MY.L.A.K. — ZO -1-1UU 

Miniature Metal-case Tubulars 
with glass-ne-metal end-seals 

Molded Plastic-case Tubulars 
"Miniroc" Steatite-case Tubulars 
Wax-free Cardboard-case Tubulars 
Film Tape-wrap Tuhulars 
Uncased Tubulars for Encapsulation 
Flat Space-saving Dip-coated Types 
Side-lead Types for Printed Circuits 
Low-voltage Types for 
Transistorized Equipment 

.POLYSTYRENE: 

-550C to +850C 
Miniature Metal-case Tubulars 
with glass-to-metal end-seals 

Steatite-case Tubulars 
Film Tape-wrap Tubulars 
Adjustable Capacitance Single- or 

Multiple-section Types in 
hermetically-sealed cases 

'Du Pont Reg. TM 
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WESTINGHOUSE HEAVY-DUTY 
PROXIMITY LIMIT SWITCH 
• WON'T WEAR OUT . . . completely static, never needs to 

be replaced 

• WATERPROOF . . . operates completely submerged in liquid 
• EXPLOSION-PROOF ... new Westinghouse switch is "potted" 
. . . all internal connections are completely sealed 

• CUTS INSTALLATION TIME . . . trip point is easily ad-
justed by balance adjusting screw . . . no contact or lever arm 
adjustment 

• CORROSION RESISTANT . . . impervious to salt spray 
• DESIGNED FOR MILITARY APPLICATIONS . . . has 

passed military shock and vibration tests 
• TWO SENSING HEADS AVAILABLE . . . for either tripping 

distances within Y inch . . . or within 2 inches 

Why not get all the facts about the new Westinghouse heavy-
duty proximity limit switch . . . see how and where it can save you 
time and money and give you a better job. Contact your nearby 
Westinghouse sales engineer. Or, write Westinghouse Electric 
Corporation, Director Systems Department, 356 Collins Avenue, 
Pittsburgh 6, Pennsylvania. J-01017 

YOU CAN SE SURE—IF ITSVestin house 

Automatic crystal slicer. Wafers drop into 
wire basket not seen 

to 0.020 inch thick are used. The 
coolant is water mixed with a 
water-soluble oil. Continuous cool-
ant flow is provided by a constant 
displacement pump. 

Tension Box Assists 
Square Wire Winding 
MULTIPLE-WINDING of large square 
magnet wires is less difficult when 
the wire is pretensioned and ori-
ented before it is brought into wind-
ing position. Twisting of the wire 
is prevented. 

Magnetic Amplifiers, Inc., New 
York, N. Y., uses the setup shown 
with a stock multiple winder. In 
addition to time and labor saved, 
all coils in a group are balanced, 

Roller lines up wires coming from tension 
box 

WATCH "WESTINGHOUSE LUCILLE BALL•DESI ARNAZ SHOWS" CDS TV MONDAYS 
Roller and pulleys set for multiple winding 
of 4 coils 
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LOCATING 
PULLEY 

SOUARING 
PULLEYS 

with the same tension, number of 
turns and spacing, improving prod-
uct reliability. 
The reels of wire are mounted on 

rollers in a sturdy wooden box. 
Strapping is bent around the rims 
of the reels and snugged to the box 
with turnbuckles. This provides an 
adjustable pretension on the wire. 

SOUARE WIRE 

FIG. 1—Types of pulleys used with square 
wire 

The wires are passed under a 
wooden roller which brings the 
wires in at approximately the same 
angle. The wires then pass through 
locating and squaring pulleys 
mounted on the winder's automatic 
tensioning arms (Fig. I). 
The pulleys are demountable so 

they can be changed to accommodate 
different wire sizes. There can be 
clearance in the pulleys, but not 
enough to allow wires to twist. 

Foam Plastic Trays 
Handle Small Parts 

Tray is placed over prongs of 116 com-
ponents 

PACKAGING TRAYS of expanded 
polystyrene do triple duty for Coil-
craft, Inc., Cary, Ill. They provide 
for in-plant handling, lightweight 
cushioning in shipping packages 
and handling in customers' plants. 

Coils, transformers and other 
small parts are stacked in a shallow 
box with prongs up. Foam tray is 
placed over the prongs and pressed 
down with a block. 

Trays shown are by Polyfoam 
Packers Div., Glo-Brite Foam Plas-
tics Products, Chicago, Ill. 

INDISPENSABLE 

for jet engine 

vibration monitoring 

CEC'S VIBRA- 101•1 PICKUPS 

On jet airliners in flight ... or in engine test cells ...the 

slightest hint of unbalance in a jet engine is detected 

immediately by CEC Vibration Pickups. 

Three types are offered: the omnidirectional-mounted 

4-123, the horizontal 4-121, and the vertical 4-122. All 

feature constant damping over the operating tempera-

ture range of —65°F. to +500°F. These hermetically 

sealed pickups function perfectly in oily, corrosive, and 

humid atmospheres. Each weighs only 4.25 ounces. 

For complete information, call your nearest CEC sales 

and service office, or write for Bulletin 1596-X10. 

Transducer DivisionCEC 

CONSOLIDATED ELECTRODYNAMICS/ 360 siena mare villa, pasadena, california 

FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 
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On The Market 

UHF Preamplifier 
low noise 

RIXON ELECTRONICS, INC., 2414 Ree-
die Drive, Silver Springs, Md., an-
nounces a uhf preamplifier with a 
noise figure of 4-5 db and a 20 db 
gain at an operating frequency of 

_ 
• • ** • @gig • 

• t73 o • • _ _ • 
••• 

400-500 mc. Model AP-710-1 is de-
signed to operate with a 50-ohm 

source and load impedance. Unit 
uses two MIL-type GE subminia-
ture ceramic planer triodes (type 
7077) in a two-stage grounded-grid 
configuration. The compact ampli-
fier package (19 by 31 in.) includes 
a self-contained power supply. 

CIRCLE NO. 200 READER SERVICE CARD 

Multicoders 
weigh 23/4  lb 

APPLIED ELECTRONICS CORP., P. 0. 
Box 43, Metuchen, N. J., has avail-
able a series of low level telemetry 
multicoders in any standard IRIG 
switching configuration for pam 
and pdm systems. Equipment is de-
signed to withstand missile en-
vironments and features all solid 

state circuitry, an a-c coupled 
amplifier, no power inverter and 
uses a standard form of sampling 
switch with an electronic speed 
regulator. The switch is hermet-
ically sealed. A mixed high and low 
level system is available for 90 
channels utilizing a synchronized 
electronic commutator for the high 
level section. 

CIRCLE NO. 201 READER SERVICE CARD 

S-W Detector 
coaxial 

POLYTECHNIC RESEARCH & DEVELOP-
MENT CO., INC., 202 Tillery St., 
Brooklyn 1, N. Y. Designed to obso-
lete huge 3-ft units, the type 219 
coaxial standing wave detector 
measures impedance and vswr from 

Encoder Assembly 
small, lightweight 
DATEX CORP., 1307 So. Myrtle Ave., 
Monrovia, Calif. Resolving shaft 
positions to 1 part in 10,000 can 
now be obtained with the CG-701 
geared encoder assembly. Designed 
for use where minimum size and 
weight are important, the assem-

100 to 1,000 mc. The rugged, low-
cost unit provides direct reading of 
vswr; direct reading of reactive 
component sign; adaptability to 
most coaxial lines, including the LT 
and the new TNC series; and 
matched load for self-calibration is 
also supplied. 

CIRCLE NO. 202 READER SERVICE CARD 

bly uses two shaft position en-
coders and a gear box. The encoder 

used on the input shaft provides 
1,000 positions of the least sig-
nificant digit per 360 deg rota-
tion. Because the disk of this 
encoder is coupled directly to the 
input shaft, accuracy is that of the 
encoder used (±1 count). This in-
put unit is then geared 10:1 to a 
10-position encoder. 

CIRCLE NO. 203 READER SERVICE CARD 

Clamp Fastener 
structural unit 

VERSA-LOC CORP., Southern Blvd., 
Chatham, N. J., introduces Versa-
Loc, a versatile laboratory and 
industrial device for building, 
mounting, supporting, holding or 
clamping. It is a structural system 

consisting basically of a mounting 
angle and a clamp. The clamp is 
available in four variations: for 
in. rod or tubing, 1 in. or i; in. pipe, 
and for ;1 in. BX (fitted with a rub-
ber grommet to insulate and protect 
the wires at the cable exit). The 
angle is provided with tapped holes 
on two sides for mounting micro 
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Ho, 

Actual size, 
3-inch uirranigh-resolution tube 

•••• 

12 CBS UHR TUBES IN PRODUCTION 

These tubes offer a choice of four resolution levels ... three screen sizes .. . and three 
screen phosphor characteristics. They are even more rugged and dependable than standard 
oscilloscope tubes. And they can be supplied with interchangeable yoke, focus coil and video 
driver stage to achieve maximum resolution. Check the table for summary data. Write for 
complete technical Bulletin E-330 and information regarding your particular application. 

de. 
od• 

•••• 

• 

TYPE 
NUMBER 

RESOLUTION 
(Lines per Inch) 

SPECTRAL 
COLOR 

PERSISTENCE 
TIME 

3AVP5 1500 Blue Very Short 
2AVP11 1000 Blue Short 
3AVP16 500 Near UV Very Short 
3AWP5 2000 Blue Very Short 
5CQP5 1500 Blue Very Short 
5CQP11 1000 Blue Short 
5CQP16 500 Near UV Very Short 
5CRP5 2000 Blue Very Short 
7AVP5 1500 Blue Very Short 

7AVP11 1000 Blue Short 
7AVP16 500 Near UV Very Short 
7AWP5 2000 Blue Very Short 

Now... 
262 Square Inches 
of information 
in -1  Square Inch! 
New CBS ultrahigh-resolution tubes, tor example, can compress 

into 0.047 square inch all the detail on a 21-inch picture tube screen. 

This is twice the resolution previously attainable . . . resolution far 

beyond the capabilities of the unaided human eye and modern 

printing. And the closest yet to the resolution of modern photo-

graphic film. 

MANY APPLICATIONS NOW POSSIBLE Many new and advanced 

applications become practical in strip radar • photo reconnaissance 

• visual indication • photo reproduction • information transfer 

• industrial and medical closed circuit TV • remote data pick-up 

• information conversion • etc. 

CBS 

More reliable products through 

Advanced-Engineering 

tubes 
CBS ELECTRONICS, Danvers, Massachusetts 

A Division of Columbia Broadcasting System, Inc. 
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measures 
from 

TRUE NS 
frequency range 5 to 500,000 cps 

FEATURES 

Built-in calibrator . . . easy-to-read 5 inch 
log meter . . . immunity to severe 
overload . . useful auxiliary functions 

SPECIFICATIONS 

VOLTAGE RANGE: 100 microvolts to 320 volts 
DECIBEL RANGE: —80 dbv to +50 dbv 
FREQUENCY RANGE: 5 to 500,000 cycles per 

second 
ACCURACY: 3% from 15 cps to 150KC; 

\,11(10. Figures apply to all meter readings 
MAXIMUM CREST FACTORS: 5 at full scale; 

15 at bottom scale' 
CALIBRATOR STABILITY: 0.5% for line 

variation 105-125 volts 
INPUT IMPEDANCE: 10 MU and 25 ppf, below 
10 millivolts; 10 MI2 and 8,3,3f above 10 millivolts 
POWER SUPPLY: 105-125 volts; 50-420 cps, 

75 watt. Provision for 210-250 volt operation 

100 MICROVOLTS to 320 VOLTS 
regardless 

of 
waveform 

DIMENSIONS: (Portable Model) 14343" wide, 
10 1/8" high, 12343" deep--

Relay Rack Model is available 
WEIGHT: 21 lbs., approximately 

Write for catalog for complete Information 

BALLANTINE 
VOLTMETER Model 320 
Manufacturers of precision Electronic Voltmeters., 
Voltage Calibrators, Capacitance Meters,DC-AC 
Inverters, Decade Amplifiers, and Accessories. 

Me 

s I 

0 RUE VOLTS FULL SCALE 111 

BALLANTINE LABORATORIES, INC. Ne',',NET„cs'"Ey 

type switches, and with mounting 
holes for No. 10 screws. It serves 
both as the jump-off point and as an 
end point mounting device. 

CIRCLE NO. 204 READER SERVICE CARD 

Display Tube 
compact unit 

WESTINGHOUSE ELECTRONIC TUBE 

DIVISION, P. 0. Box 284, Elmira, 
N. Y., announces a new nine-pin 
display tube (7AUP4) designed for 
airborne and monitor applications. 
The 7-in, diameter tube features a 
small Z-in.-diameter neck for de-
creased deflection power. Overall 
length is 8 in. and tube is of the 
electrostatic focus, magnetic-deflec-
tion type. Deflection angle is 70 deg. 
The tube has a P-4 phosphor and a 
metal-backed screen and can be fur-
nished \\till *a potted anode lead. 

CIRCLE NO. 205 READER SERVICE CARD 
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Slip Rings 
small size 

POLY-SCIENTIFIC CORP., Blacksburg, 
Va., has established new standard 
lines of slip rings. The AC258 line, 
one to ten rings, has o-d of 0.081. 
The AC263 has o-d of 0.220, range 
of one to 37 rings. Both use coin 
gold rings, stainless steel back-
shafts and Poly-Scientific formula-
tion plastics. Companion brush 
blocks are available for either line. 
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Microminiature Pot 
high precision 

DEJUR-AMSCO CORP., 45-01 North-
ern Blvd., Long Island City 1, N. Y. 
A new precision pot features a 
one-piece metal case and bearing 
design eliminating any need for 
special assembly precautions. These 
components are completely enclosed 
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SILICON.. any way you want it! 
Is there any good reason why you shouldn't obtain all forms 
of silicon you want from a single source ? 

Up to now the answer to that question was simple: No 
one firm offered a complete silicon supply facility. 

But that is no longer true because from Allegheny you 
can now obtain silicon in every form. Here are the facts: 
1. BULK—The bulk polycrystalline silicon you get from 
Allegheny comes in four grades, three semiconductor, one 
solar. Each requires a minimum of doping,exhibits a high de-
gree of uniformity and shows a significantly low boron level. 

2. CAST BILLETS — Cut to charge size for Czochralski 
furnaces and in standard sizes up to 2" in diameter. 

3. CAST RODS. — For float zoning, you gét uniformly 
dense cast rods in standard sizes up to 1", with lengths 
entirely dependent on your requirements. 

4. MASTER DOPING ALLOYS — These are made from 
extremely pure silicon, using 99.999% or better elemental 
dope. They are ailoyed in different ranges, and in homo-
geneous lots of sufficient size to allow for long term stand-
ardization in your production doping procedures. 

5. SINGLE CRYSTALS—Custom processing of single 
crystals is a basic service from Allegheny. We will dope to 
your specifications and grow in Czochralski or float zone 
furnaces, again depending on application. 

6. SLICES—You can get slices to meet any surface require-
ment since Allegheny has both the know-how and facilities 
for slicing, lapping, and finishing. And 100% testing is your 
assurance that the slices completely meet your specifications. 

7. SEEDS & SPECIAL FORMS — You tell us your mount-
ing and other physical requirements and we will provide 
the shapes and forms, cut ultrasonically. All seeds are 
oriented optically to 1/2.' (or better) to the (111), (110), or 
(100) plane. 

Analyze your current silicon supply arrangements. Con-
sider that only Allegheny provides every form of silicon you 
need. Doesn't it look like now is a good time for you to get all 
the facts from the people at Allegheny ? Write, wire, or phone. 

producers of semiconducting materials 
for the electronics industry 

\— - 

ALLEGHENY 
ELECTRONIC CHEMICALS- CO. 
207 HOOKER-FULTON BLDG.. BRADFORD, PA. 

252 NORTH LEMON STREET, ANAHEIM, CAL. 
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SIGMA RELAY FOR MILITARY 
EQUIPMENT NOW TWICE AS 
SENSITIVE; DESIGNERS GET 

TWO WEEKS OFF 

Sensitive relays* have very little company these days, as they continue to 
do the same job they always have, but on less and less take-home power. 

There was a time when you could say a relay was sensitive if it would 

operate around 50 milliwatts or so; now, it has to do the same work on 

about half as much coil power. Alas, the price of Progress she comes high ... 

With this philosophy firmly implanted, 

our Chief Sensitivity Engineers took a 

perfectly good "military" Sigma relay of 
fairly wide application success and at-

tempted to make it more sensitive, without 

impairing any of its other characteristics. 

The fruits of their labors is a new adjust-

ment which is twice as sensitive as the 
original relay, since the required operate 

power is only half as much as the old 

style which is also still available if you've 
got double the number of milliwatts to 

play with as anyone else currently building 
military gear. 

With the sensitivity question all straight-
ened out, these two Chiefs were given 

their just reward and flown by privately 

chartered aircraft to a secluded spot for 

the vacation they so richly deserved. 
Found among the papers they left behind 

were the following additional facts, which 
may be of interest to anyone who has to 

squeeze an SPDT or DPDT relay into 

1.75 cubic inches and have it work on 

next to nothing, in airborne and 
similar environments. 

*(unlike other people) 

SERIES 22 

SENSITIVITY 
CONTACT RATING 
OPERATING TEMP. 

VIBRATION 
SHOCK 

ENCLOSURE 

— "S" ADJUSTMENT 

12 mw. SPOT, 20 mw. DPDT 
up to 2 amp. (28VDC/120VAC/ 
—65°C. to +125°C. 
10 g to 300 cps 
100 g will not cause damage 
hermetic seal 

(Other adjustments of the "22" have similar ratings, 
except for sensitivity which is 20 and 40 mw.) 

SIGMA 

Series 22 bulletin on 

request, but you may 

have to wait a little 
while until everyone 

gets back to work— 

annual plant shut-

down takes place the 

first two weeks of July. 

SIGMA INSTRUMENTS, INC. 
170 Pearl Street, So. Braintree 85, Mass. 

AN AFFILIATE OF THE FISHER-PIERCE CO. Mince leass) 

by unique molded covers with in-
tegrally cored, solid terminals that 
cannot loosen or transmit solder, 
resin or other foreign matter into 
the unit. Completely sealed covers 
and "0" ring sealed shafts are 
available for maximum resistance 
to corrosive environmental condi-
tions. Muitifinger precious metal 
contact brush is another exclusive 
feature. 
CIRCLE NO. 207 READER SERVICE CARD 
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Small Tubes 
expanded line 

SONOTONE CORP., Elmsford, N. Y. 
Illustrated are some of the ap-
proximately 100 types of electronic 
tubes now available. The expanded 
line includes miniature and sub-

miniature tubes for commercial, 
military and entertainment pur-
poses. Three of the reliable types 
—6J4WA, 5840 and 5639—are 

manufactured under the U. S. 
Army Signal Corps RIQAP (Re-
duced Inspection Quality Assur-
ance Program), monitored by the 
U. S. Army Signal Supply Agency. 
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Foil-Wound Coils 
many applications 

SYLVANIA ELECTRIC PRODUCTS INC., 
Ipswich, Mass., has introduced a 
line of foil-wound coils for elec-
tronic equipment, offering greater 
application flexibility than conven-
tional wire-wound coils. The new 
wafer coils are particularly suit-
able for use with twt's, klystron 
electromagnets, maser devices, 
and beamed-deflection magnets. 
The wafer coil's thinner insulat-
ing layer, combined with copper 
or aluminum foil, makes possible 
greater heat and space utilization 
efficiencies. The new coils can be 
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, 
Al Mitchell takes the fl sta d for electronics 

I. Allen Mitchell is President and a founder of 
United Transformer Corporation, a company which 
placed its first advertisement in electronics more 
than 25 Years ago. 

United Transformer manufactures 700 stock items 
for virtually every application in the electronics field. 
Mr. Mitchell is a graduate engineer who entered 
college at the age of 14. At 16 he was the chief engi-
neer of a transformer company and at 18 the director 
of engineering. 
Do you, Mr. Mitchell, directly or indirectly influence 
the purchase of electronic equipment for your or-
ganization? 

Naturally, I do. 
Do you use the electronics BUYERS' GUIDE as your 
source book for electronic purchases? 

Yes. I keep it available in my office at all times. 
How long have you been a subscriber to electronics? 

Since the day of its inception. 
Why have you continued to pay for electronics when 
you can receive ten other electronic publications free? 
To me  electronics has a peculiarity. It has excel-

lent technical coverage. It has the most pages of ad-
vertising, and naturally I want to keep abreast of the 
industry in terms of the products shown in the ads. 
For a number of years your company has reserved 
the inside front cover of electronics for its sales mes-
sages. What is behind this decision? 

Basically, we are a key manufacturer in our field 
for engineering products. As such we prefer to main-
tain a prestige position in the prestige magazine of 
our industry. 

If it's about electronics, read it in electronics 

electronics 
Published WEEKLY plus the mid-year electronics BUYERS' GUIDE 

A McGraw.Hill Publication • 330 West 42nd Street, New York 36, N. Y. 

o o 
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IF you are an experienced 

electronic engineer, you will 

find more challenging work 

...more job stability...more 

chance for creative satis-

faction...more diversified 

projects, at 

sr[Hperliaifeef COMPilee 
A Division of Sperry Rand Corp. 

GREAT NECK, LONG ISLAND, N. Y. 

For confidential interview, contact Mr. J. W. Dwyer, Employment Manager 

Fieldstone 7 -3665 

Project Managers in Missiles, Radars and Countermeasures Engineering 

ripple at full load is only 

0.005% 
with new / 

POWER & BIAS 
SUPPLY FOR TRANSISTORIZED 
EQUIPMENT --±'-1020 

Eicoq 

• includes power transformer, full-wave silicon 
diode rectifier circuit, electrolytic capacitor 
input filter followed by a two-power transistor 
(2-211256) cascaded filter circuit providing ex-
traordinary ripple rejection • output voltage: 0-30 
VDC continuously variable, monitored by dual. 
range voltmeter (0-6. 0-30 VDC) • continuous 
output current capacity: 150 ma @ 0-12V; 200 
ma @ 12-24 V; 300 ma @ 24-30V • 0.5A fuse 
protects against short circuit • comparable in 
purity of output and in voltage and current 
capacity to transistorized supplies selling for 
several hundred dollars • ideal for laboratory. 
development and service work on transistors and 
transistorized equipment 
• rugged grey wrinkle 
steel case (5" h, 
4" w. 51/2" d) 

KIT $19.95 
WIRED $27.95 
Add 5°i'a in West. 

Compare this 
versatile, depend. 
able Model 1020 at 
your neighborhood 
E ICO distributor 
For free catalog on 65 
models of EICO test 
instruments. hi-I r and amateur gear, write to 

ELECTRONIC INSTRUMENT CO., INC. 
33-00 Northern Blvd , Long Island City 1, N.Y 

used in multiples. Tube append-
ages and r-f connectors can pass 
directly through the windings of 
the coil, which is impossible with 
wire-wound coils. 
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Silicon Rectifiers 
two types 

COLUMBUS ELECTRONICS CORP., 1010 
Saw Mill River Road, Yonkers, 
N. Y., announces magnetic ampli-
fier and high voltage type silicon 
rectifiers produced by the double 
diffusion process. Both are avail-
able in hermetically sealed, axial 
lead, top hat design. The magnetic 
amplifier types feature extremely 
low leakage and low forward drop 
for use in circuits where extremely 
low reverse currents are of prime 
consideration. Features of the high 
voltage types include use for h-v 
power supplies, h-v blocking appli-
cations and clipping circuits. 
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Extension Cable 
multiconductor 

THERMO ELECTRIC CO., INC., Saddle 
Brook, N. J., has developed Thermo-
Cable, a new type of polyvinyl in-
sulated multiconductor cable for 6 
to 56 pairs of thermocouple con-
ductors. It is much easier to handle 
and less expensive to install than 
individual pairs of thermocouple ex-
tension wire. Its outer polyvinyl 

chloride jacket resists moisture, 
abrasion, heat, and chemical action. 
Each conductor is color-coded ac-

cording to ISA recommendations. 
Thermocouple pairs are numbered 
alike and lie next to each other. 
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Preset Counter 
versatile unit 

C&K COMPONENTS, INC., 101 Morse 
St., Newton 58, Mass. Model 37 
counter is designed for use (1) as 
a preset counter for a wide variety 

78 CIRCLE NO. 78 READER SERVICE CARD 
CIRCLE NO. 104 READER SERVICE CARD 

JULY 3, 1959 • ELECTRONICS 



- Our most potent weapon in the battle of time: 

il 

The tough jobs 
get off the ground 
in a hurry at ... 

TELENA 
ENGINEE 

In advanced military electronics research, the ability to do 
the job isn't good enough. The job must be done reliably 
and on time. 

Hallicrafters' QRC program was originated to provide 
not only the finest of engineering facilities and people, but 
the flexibility required for immediate, crash effort on criti-
cal electronics problems. 

Hallicrafters has provided our military forces for the past 
six years with a Quick Reaction Capability that has played 
a major role in helping to win the battle against time. 

* Quick Reaction Capability: Re-
fer to Air Force Reg. No. 80-32 

llicrafters 
Chicago 24, III. 

Qualified Engineers: new contracts 
have created openings. Contact 
William F. Frankart, Director of 
Engineering. 
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TERING 
S\NEEDED 

IN SOUTHERN CALIFORNIA 

'Ilt110e1; 1 17Che7C 

the major source for telemetering systems and 
components, offers you a unique opportunity to 
fully use your ability with a rewarding future as 
a qualified engineer. 
Have you had two or more years experience in 
the design of VHF or UHF transmitters? 

... in airborne packaging? 
... in transistor circuitry? 
If you have, we want to talk to you. 

Please send resume to W. C. WALKER 
ENGINEERING EMPLOYMENT MANAGER 

(  DIVISION OF !UNDO( AVIATION CORPORATION 

v7;end,),71,,ec 
NORTH HOLLYWOOD. CALIFORNIA 

Other High-Level Electronic Engineering Positions Available 
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MARCONI 
Carrier Deviation Meter 

uses multi-crystal stability-lock 

Direct indication Of fm deviation 

From 200 cps to 125 kc makes this 
latest model in the Marconi 791 series 
applicable to both communication 
and broadcast fm systems. 

Crystal locking 

at any point in its 4- to 1024- mc 
carrier range brings new, exceptional 
stability and freedom from micro-
phony in low-deviation measure-
ments. Use of an external indicator 
extends the deviation range down to 
10 cps, allowing fm hum and noise 
on uhf close-channel transmitters to 
be measured with ease and certainty. 

An in-built deviation standard, 

crystal governed, insures full rated 
accuracy at all times. 

Send for leaflet R143 

RANGE MC 
16 -3 2 

4-8 
8 -16 32 -064 64.128 

o 
)(TA L 128-256 

o 0256-512 
512 -1024 

ABRIDGED SPECIFICATIONS 
CARRIER DEVIATION METER 791D 
Carrier Frequency Range: 4 to 1024 mc. 
Modulation Frequency Range: 50 cps to 35 kc. 
Measures Deviation: 200 cps to 125 kc in four 
ranges. Measures down to 10 cps using ex-
ternal readout. 
Measurement Accuracy: ±3% of full-scale 
for modulation frequencies up to 25 kc. 
Internal FM: Due to hum, noise and micro-
phony, less than —$5 db relative to 5 kc 
deviation. 
Tubes: 6AK5, 6AS7, 6C4, 6CD6G, 5651, 
5647, 5Z4G, OB2. 

MARCONI 
INSTRUMENTS 

II 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 

\‘‘ak 

of counting, batching and sorting 
applications; (2) as a pulse rate 
divider and variable pulse rate gen-
erator; and (3) as a variable pulse 
delay unit. Through the use of com-
pletely transistorized magnetic core 
circuitry, it requires less than 1 w 
under normal operating conditions. 
Standard unit provides a count 
range of 1 to 10,000 at counting 
rates up to 110 }cc. 
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Potentiometer 
high megohm 

INTERNATIONAL RESISTANCE CO., 
401 N. Broad St., Philadelphia 8, 
Pa., announces a new stable pot for 
trimmer applications, with resist-
ance values to 500 megohms. High 
insulation resistance is assured by 
the design of the molded base and 
use of first quality materials 
throughout. The new pot is recom-
mended for use in timing or con-
trol circuitry, instrumentation, and 
applications where a high-range 
control is necessary. 
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Solenoids 
water-cooled 
NOTHELFER W INDING LABORATORIES, 
INC., P. 0. Box 455, Trenton, N. J., 
has introduced water-cooled sole-
noids that produce high-intensity 
magnetic fields. They are designed 
to develop 140,000 ampere-turns 
and dissipate 50 kw of d-e power for 
these and similar applications. 
Nothelfer furnishes polyphase 
transformers, rectifiers, saturable 
reactors and manual or automatic 
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NEW HR SERIES 

-400. 
KE 

For greatest reliability in the hot spots 

o 1000°F continuous duty type 

The most advanced design to protect 
against extreme heat, nuclear 

radiation and moisture formation. 
Moistureproofing on these connectors 

is accomplished by means of 
ball cone seals on mating surfaces. 

Available in production quantities in 
wide range of MS-type shell styles 

and sizes. Two to 24 contacts per shell. 
Wide variety of insert patterns that 

mate with standard MS types. 
A modification of the HR series, rated at 
650°F continuous duty, is also available. 

Write today for Technical Bulletin T-111 

NEW KE SERIES 
Moisture-resistant 

firewall type 

First plug to satisfy both high-temperature 
requirements for fireproof Class MS-K 

connector and vibration-proof, moisture-
proof requirements of MS-E Class. 

Meets 2000° flame test specified 
in MIL-C-5015—stands up under 400°F 

continuous operation.Fluorinated 
silicone seals for moisture-proofing 

improve resistance to oil and skydrol 
hydraulic fluid. Two basic shell types for 

conduit and wire bundles. Wide 
variety of insert arrangements and shell 

sizes in long and short types. 

Write today for Technical Bulletin T-98 

27,000 KINDS TO CHOOSE FROM! 

Call on Cannon for all your plug needs. If we don't have what you want, well make it for 
you — whether you need one or a million. We're ready to help you at any stage—from basic 

design to volume production—with the largest facilities in the world for plug research, 
development and manufacturing. Write us today about your problem. Please refer to Dept. 377. 

u.} 
jar -4S cj —NJ ic 

CANNON ELECTRIC COMPANY 
3208 Humboldt Street, Los Angeles 31, California 

Where Reliability for YOUR Product is Our Constant Goal. 
Factories in Los Angeles; Salem. Mass.; Toronto; 

London; Melbourne; Paris; Tokyo. Representatives 
and distributors in all principal cities. Please 

see your Telephone Yellow Book or write factory. 
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11181tOR 
advancement 
in instrument 

design 

SEALED 
ELAPSED TIME 
INDICATORS 

SCHEDULE MAINTENANCE — STUDY PRODUCTIVITY 

Glass-to-metal sealed ELAPSED TIME indi-
cators. Compact, low cost, tamper-proof. 
Standard ASA/MIL dimensions, 23,'Z' and 
3' sizes. Easy to read standard size 
counter registers 1/10 hour steps to 
9999.9 or hour steps to 99999. Hermeti-
cally sealed. Shielded. Starts, operates 
continuously from —55°C to +85°C. For 
110-125 or 220-250 volts 60 cycle A.C. 
Bulletin on request. Marion Instrument 
Division, Minneapolis-Honeywell Regulator 
Company, Manchester, N. H., U. S. A. 

Copyright ©1958. Mellor, 

manor' 
'WeIf if flECTRONirs Mfrs rat sq.' 

meters 
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I'm Building a College Fund 
for My Kids with the 

EXTRA MONEY 
I'm earning in 
Mobile-Radio 
Maintenance I 

couldn't set aside from 
engineer's catory eno 
relooty to send the ki 
through college. So when t 

learned of the boont,in mobile-rudio I decided 
to start my own port.tirne business. Now my 
income from mobile-radio maintenance goes 
into a "college bank account." 

This can be your story, too. Send coupon 
for your free copy of "HOW TO MAKE MONEY 
IN MOBILE-RADIO MAINTENANCE." Published 
by Lompkin Laboratories, Inc., manufacturers 
of the 105-8 Micrometer Frequency Meter and 
205-A FM Modulation Meter. 

LAMPKIN LABORATORIES, INC. 

Instruments Div., Bradenton, Fla. 

At no obligation to me please send "HOW 
TO MAKE MONEY IN MOBILE-RADIO MAIN-
TE NANCE." 

Name  

Address  

City State  

control as required. Detailed infor-
mation and prices will be furnished 
upon receipt of specifications. 

Impregnant 
for coils, windings 
COLUMBIA TECHNICAL CORP., 61-02 

31st Ave., Woodside 77, N. Y., has 
introduced a new, one-component, 
fast air-drying coil and winding im-
pregnant. HumiSeal type 1B12 is 

outstanding for the preservation of 
original values of Q, inductance and 
self-capacitance in coils and ferrite 
cores. It lends good mechanical sup-
port to coils and windings. It is 
solderable. Type 1B12 is an excel-
lent humidity proofing coating ap-
plicable on components operating 
between —60 C to 130 C. 
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Surface Coating 
high temperature 

EMERSON & CUMING, INC., Canton, 
Mass. Eccocoat C26 is a clear epox-
ide surface coating. It can be used 
continuously at 500 F and for short 
periods up to 600 F. Surface re-
sistivity is above 10' ohms at room 
temperature and remains about 10" 
even at 500 F. It is used for coat-
ing p-c boards, electronic circuits 
and components, metals and cer-
amics. 
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Zener Diodes 
double anode 

U. S. SEMICONDUCTOR PRODUCTS, 
INC., 3540 W. Osborn Road, Phoe-
nix, Ariz., has developed a medium 
power double anode silicon Zener 
diode for clipping, pulse forming, 
and voltage regulating applica-
tions with lower T. Stainless steel 

cases measure 0.290 in. long by 
0.250 in. diameter, with choice of 

• ••••• 

In ©I.= Industrial Country 

It's not as far from here to there in 
Bristol, Tenn.-Va., as you might think! 

Bristol is at mid-point of the Southern 
industrial complex, equidistant be-
tween New York and Mobile, Ala., 
and between Chicago and Jackson-
ville, Fla. There is overnight delivery 
of most metals from Birmingham, and 
New York City is but 24 hours haul 
by rail or motor freight. 

Bristol is the junction point of the 
Southern Railway System and the 
Norfolk and Western Railroad, allow-
ing for unusual advantage in receiving 
and shipping. It is astride the freight 
rate boundary, making for unusual 
savings in the delivery of your finished 
product. 

Motor freight facilities are excellent, 
a barge 'terminal is only 120 miles 
away and airline service at nearby 
Tri -Cities Airport is adequate and 
convenient. 

You're close to Bristol, Tenn.-Va., al-
ready; why not come on down and 
enjoy its advantages? 

Let Ford, Bacon & Davis 
Tell You the Whole Story 

This nationally famous 
. engineering firm has 
prepared an exhaustive 
analysis of Bristol's in-

. dustrial potential. 
Write for your copy 
today—Dept. E759. 

Bristol 
INDUSTRIAL DEVELOPMENT BOARD 

of the Iwo Cities of 

BRISTOL • IENN.- VA. 
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"Higher 
Education... 
Our Greatest 
Tool" 
OSCAR G. MAYER 

Chairman, Oscar Mayer & Co. 

"During the last twenty years we have had dramatic evidence of what massive 

research can accomplish. Every thinking American today is acutely aware 

that our future welfare depends upon this vital activity. 

"But sound higher education is the prerequisite of good research; it is vitally 

important that our higher education be constantly improved, beginning with 

our secondary schools. Higher education is the only means with which we can 

mine our most valuable natural resource: the creativity of the human mind in 

all fields, social and cultural as well as scientific. 

"By supporting the college of your choice in its efforts to provide the best 

possible faculty and physical facilities, you are investing in the one tool with 

which to shape favorably the future of America. 

If you want more information on the problems faced by higher education, write to: 

Council for Financial Aid to Education, Inc., 6 E. 45th Street, New York 17, N. Y. 

Sponsored as a public service, in cooperation with the 
Council for Financial Aid to Education 

1.11118m1K 
KEEP IT BRIGHT 

HIGHER EDUCATION 
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Acelsee 

your own pots — 100% pure! 
Want the purest in potentiometers?. Nothing to it — just put on a 
surgical mask, lock yourself up in a sealed room, and start winding! 
Of course, you'll need an air conditioning plant to keep the moisture 
controlled, and the air dust-free. And you'll have to work out some 
pretty elaborate assembly techniques to keep the whole works un-
contaminated. Petty details ... 

You could do all this — but you don't have to — 
Ace goes to all these extremes of quality control 
and morel So why not take advantage of 
sealed room and our advanced techniques — 
eliminate all the fussin? You'll get the accuracy 
and reliability you have a right to expect from 
Ace. So do it the easy way — get Ace pots. See 
your ACErep now! 

our 
and 

EPOT 

OK 18 
*tRONICS Al 

lan.vo., F. .4  

• 

Here's one of our pure pots: the 500 Acepot! Highest resolution, 
0.3% independent linearity. 1/2" size. sub-miniature. Special proto-
type section insures prompt delivery. 

ELECTRONICS ASSOCIATES, INC. 
99 Dover Street, Somerville 44, Moss. 

SOmerse 6-5130 TMX SIAVI. 181 West. Union WUX 

Acetrirn• Acesete Aceoten® 'Reg. APO for 

axial leads or stud mount. Zener 
voltages from 7 y to 35 y and 
temperature coefficients from 0.038 
percent to 0.066 percent per deg C, 
together with abrupt breakdown, 
provide the flexibility needed for 
superior performance in commer-
cial and military applications. 

CIRCLE NO. 216 READER SERVICE CARD 

Small Connectors 
center screwlock 

DEJuR-Amsco CORP., 45-01 North-
ern Blvd., Long Island City 1, N. Y. 
Series 1900 miniature rectangular 
pin and socket connectors are de-
signed for heavy duty applications 
in aircraft and electronic equip-
ment. A double lead thread action 
center screwlock assures positive 
locking action of mating units. 
Closed entry socket contacts provide 
increased reliability and maintain a 
low millivolt drop under constant 
and uniform insertion pressure. 

CIRCLE NO. 217 READER SERVICE CARD 

Missile Programmer 
weighs 2.65 lb 
RATIGAN ELECTRONICS INC., 425 W. 
Cypress St., Glendale 4, Calif., an-
nounces a missile programmer 
designed to operate in environ-
mental conditions as outlined in 
MIL-E-5272. Unit consists of 13 
isolated channels, having an op-
erational time of 35 min., with a 
time accuracy characteristic of 
±-20 millisec. Vibration charac-
teristics exceed 20 g's from 10-
2,500 cycles in the white noise re-
gion. Current capabilities of the 
contacts are approximately I am-
pere at 115 y inductive. Approxi-
mate size of the unit is 2:1 in. by 
3 in. by 6 in. 

CIRCLE NO. 218 READER SERVICE CARD 
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MEET ROLLY CHAREST This ij not an ofer of these Jet:grilles for tale. The oler is trade only by Me Prospectus. 

Associate 

Editor 

electronics 

RESUME: 
t.'har'est, Roland J., 

Boston University. BS 
in Journalism. Formerly 
New England editor for 
electronics. Navy sonar-
man. Writer, reporter, 
editor for Lynn Item, 
Boston Globe, Boston 
Traveler. Won a New 
England Associated 

Press (AP) award in 1955 for writing feature 
articles in the major city newspaper class. 

PRESENT OCCUPATION: 
Roily Charest supports Managing Editor Jack 

Carroll for editorial content accuracy and expedit-
ing putting each weekly issue to bed. Roily reworks 
headlines for greater readability, is involved in 
makeup, and helps polish editorial content. Rolly's 
across-the-board background assures you accuracy 
in the face of journalistic pressures; articles in this 
week's issue that could be held over to the next 
deadline, but are not. The readers' interests come 
first! 

REFERENCES: 
If you're not a subscriber; if your subscription is 

expiring, if you will miss exciting features "in-the-
works'": by electronics 26-man staff, fill in box on 
Reader Service Card. Easy to use. Postage is free. 

electronics e 
A McGraw-Hill Publication • 330 W. 42nd St., New York 36 

MEET TOM EMMA 
Associate Editor, electronics 

FINANCE EXPERT 

Thomas Emma, BA, Columbia, is 
a U.S. Naval Reserve officer who 
was formerly a technical writer 
with IT&T. Tom prepares "Finan-
cial Roundup"—a regular weekly 
business feature. In the coming 
months Tom %ill be concerned with 
radio communications, but he will 
be specifically involved with spec-
trum useage problems. To keep 
abreast of finance in electronics, 
turn to Tom's weekly coverage of 
latest developments. To subscribe 
or renew your subscription, fill in 
box on Reader Service Card. Easy 
to use. Postage free. 

*electronics 
A McGraw-Hill Publication 

West 42nd Street, New York 36, N. Y. 

flOP 

NEW ISSUr. 

100,000 Shares 

Polarad Electronics Corporation 

Common Stock 
($1 Par Value', 

5,,M10 of the Shares are initially being offered to employees 
upon the terms set forth in the Prospectus. 

Price $19 per Share 

Corte , of ti,.' no:y ,,ktue.1 in any State in 
nele:ch el,, annonntement is etocolated bone only ouch of the 
nn.l ',Ito, as may laufaLY if,, Mee; Seear.ities P1111 State. 

Kidder, Peabody & Co. 

Paine, Webber. Jackson & Curtis 

Clark, Dodge & Co. Dominick & Dominick 

Dean Witter & Co. 

W. C. Langley & Co. 

Carl M. Loeb, Rhoades & Co. Model, Roland & Stone R. W. Pressprich & Co. 

Shearson, Ilammill & Co. Shields & Company Tucker, Anthony & R. L. Day 

Granbery, Marache & Co. 

Clement A. Evans & Company 

Rauscher, Pierce & Co., Inc. 

Norman W. Eiseman & Co., Inc. 

!one IS. /959. 

McDonald & Company 

Mitchum, Jones & Templeton 

Joseph Walker & Sons 

Pacific Northwest Company 

Schmidt, Roberts & Parke 
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Special Purpose Wire 

BERYLLIUM 
COPPER 

NICKEL CLAD (not plated) TITANIUM WIRE 

• OTHER NON-FERROUS 
Consider WIRE and the importance of its function 
in your product. Whether a highly engineered appli-
cation or a simple stapling purpose, your choice of 
the proper alloy or composition, temper and type 
of wire could mean success or failure during crucial 
test. 

round • flat — square • half-round .• 

Precision gauges from s to .002. Close tolerances held, 

SPRING WIRE — WIRE FOR INSTRUMENTS 
ELECTRONICS — STRAND FOR WIRE ROPE AND 
BRAIDED APPLICATIONS — MANDREL WIRE 
WIRE FOR FORMS — RIVETS — STAPLING 

Send for descriptive folder. 

phosphor bronze 
J., • - 

FOR 

CERAMIC-TO-METAL 

BRAZING 

LITTLE FALLS ALLOYS 
INCORPORATED 

186 Caldwell Avenue • Paterson 1, N. 

ELECTRONICS • JULY 3, 1959 CIRCLE NO. 87 READER SERVICE CARD 87 



SEND YOU 

PRINTS FO 

QUOTATIO 

Mai 
SPURS • HELICALS • WORM AND WORM GEARS • STRAIGHT BEVELS 

LEAD SCREWS e RATCHETS • CLUSTER GEARS • RACKS • INTERNALS • ODD SHAPES 

1 0 2 1 PARMELE STREET, ROCKFORD, ILLINOIS 
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CUTLER,HAMMER 

CONTROL 

•, 1 

This new miniature toggle 

, switch meets the most ex-

acting requirements of the , 

electronics industry and 

• the military. Write today 

for Pub. ED2O-N220. 

Cutler-Hammer Inc. 

Milwaukee 1, Wisconsin 

va 

NEW! 
Miniature Toggle 
Switch 
An extremely compact power or dry circuit 
switch ... usable as a pre-set switch in aircraft 
recognition systems . . . for walkie-talkies . . . 
electronic instruments and communications. 
NEW design concept . . . the toggle lever 
works directly on the movable contact mem-
ber insuring positive make and break action. 
NEW gold-plated contacts open and close 
with a wiping action for good contact even on 
low energy circuits. Contact bounce is ex-
tremely low. 
NEW positive detent switching action for 
improved operator "feel". 
N E W silicone rubber lever seal stops sand, 
dust, and moisture. 
N E W molded body has new high arc-track-
ing resistance and excellent recovery voltage. 

DIMENSIONS VOLUME WEIGHT 
Single Pole vv-sor D-3/8" H-3/4" .145 cu. in. 5.0 grams 
Double Pole W-sor D-9/16" H-3/4" .230 cu. In. 6.5 grams 
RATINGS: 2 amps @ 28 volts D-c, 1 amp e 50 volts D-c, 
2 amps et 115 volts A-c. Minimum rating: 30 microamps 
et, 50 millivolts. 
TYPES: 2 and 3 position switches with maintained or 
momentary switch action. 

C U 1 LE R•HAt.r,itvl E R 
Cutler-Hammer Inc., Milwaukee, Wis. • Dmvon Airborne Instruments Laboratory. • Subpd,ort Cutler-Hammer International, C. A. 

Am.:es CanaMan Cutler Hammer, Ltd.; Cutler-Hammer Mexicana. S. A.; Intercontinental Electronics Corporation. 

Literature of 
MATERIALS 

Silicone Products. General Elec-
tric Co., Waterford, N. Y. A new 
8-page catalog, CDS-129A, high-
lights the company's major sili-
cone products and their uses. 
CIRCLE NO. 225 READER SERVICE CARD 

COMPONENTS 

Coaxial Cable Connectors. Dage 
Electric Co., Inc., 67 N. Second St., 
Beech Grove, Ind. Catalog 401 is 
presented as a guide to the user of 
coaxial cable connectors. It lists 
all the military types and many 
special types manufactured by the 
company. Several aids to the buyer 
and engineer are included. 

CIRCLE NO. 226 READER SERVICE CARD 

Motors. Rotating Components, 
Inc., 267 Green St., Brooklyn 22, 
N. Y., has published a catalog 
showing a complete line of small 
a-c motors and rotating devices ac-
cording to military and commer-
cial specifications. 

CIRCLE NO. 227 READER SERVICE CARD 

Transistor Specification Chart. , 
General Transistor Corp., 91-27 
138th Place, Jamaica 35, N. Y. 
Brochure G-100 is a 4-page illus-
trated folder with a chart insert 
opening to 18 by 32 in., printed 
both sides, with tabulated specifi-
cations on the company's most 
popular EIA-registered transistor 
types. 

CIRCLE NO. 228 READER SERVICE CARD 

EQUIPMENT 

Instrumentation. Computer 
Measurements Co., 5528 Vineland 
Ave., North Hollywood, Calif., has 
released a new 12-page 2-color 
digital instrumentation catalog. 
Thirty-two instruments and acces-
sories are described. 

CIRCLE NO. 229 READER SERVICE CARD 

Power Supplies. Del Electronics 
Corp., 521 Homestead Ave., Mt. 
Vernon, N. Y. A new line of com-
pact, high voltage power supplies 
for a wide variety of applications, 
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the Week 
is illustrated and described in a 
recent brochure. 

CIRCLE NO. 230 READER SERVICE CARD 

Impulse Counters. Landis & 
Gyr, Inc., 45 W. 45th St., New 
York 36, N. Y. Small Sodeco panel-
mounted predetermining impulse 
counters are described in a new 
bulletin. 

CIRCLE NO. 231 READER SERVICE CARD 

Panel Instrument. Weston In-
struments, Division of Daystrom, 
Inc., Newark 12, N. J. Circular 
01-109-A contains specifications 
and typical ranges for the 1751/ 
1752 model panel instrument. 

CIRCLE NO. 232 READER SERVICE CARD 

High Vacuum Engineering. 
Veeco Vacuum Corp., 86 Denton 
Ave., New Hyde Park, N. Y. A 
20-page brochure describes the 
4-in, building block components 
and 4-in, modular high vacuum 
systems. 
CIRCLE NO. 233 READER SERVICE CARD 

Data-Gathering System. Strom-
berg Time Corp., Thomaston, 
Conn., has published a brochure 
describing its new Transacter sys-
tem for gathering data in the fac-
tory and communicating this data 
instantaneously to a centrally 
located data processing center. 

CIRCLE NO. 234 READER SERVICE CARD 

V-R Power Supplies. Kepco 
Laboratories, Inc., 131-38 Sanford 
Ave., Flushing 55, N. Y. A recent 
brochure gives some basic data on 
the Hybrid series of voltage regu-
lated power supplies, design of 
which incorporates the best re-
spective features of transistor and 
vacuum tube circuitry. 
CIRCLE NO. 235 READER SERVICE CARD 

FACILITIES 

Data Control. Epsco, Inc., 588 
Commonwealth Ave., Boston 15, 
Mass. A new 2-color, 24-page bro-
chure is filled with photographs 
and data about the company, its 
facilities and products. 
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New RETARDED BIT RATE UNIT 
provides simultaneous indexing of magnetic 

tape with any type data acquisition equipment 
LtuuLLILILL I -__:IJLIuu-uu-utn_r- Ir 

Retarded Bit Rate Unit, 
Model 220. Bit rate division and timing 
word rate division are set by front panel switches to 
correspond to speed of oscillograph. Size: 51/4 "H x 19"W x 16"D. 

or 

The Retarded Bit Rate Unit, Model 220, when used with the Hermes 
Digital Timing Generator, Model 201, or Airborne Digital Timing Generator, 

Model 206A, provides a universal timing system with format signals suitable 
for recording on magnetic tape, slow or high speed oscillographs, recording 

cameras, strip chart recorders, etc. During the periods of data reduction the 
Model 220 is used with the Hermes Model 202 Magnetic Tape Search Unit 

for re-recording the true signal from magnetic tape to oscillographs. The 

Model 220 is also available packed in a 1./2 ATR Box for airborne applications. 

6104 3 ala IZeoredio19 42 4 Rechictio« 
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The Digital Timing Generator, Model 201, 
supplies a tone burst binary coded decimal 
signal for recording on one channel of a 
multichannel tape recorder. The Model 220 
receives the "1" and "0" control signals from 
the Model 201 and converts this to a pulse 
width and pulse height binary coded decimal 
signal for recording on oscillographs or other 
data recording equipment. 

TRANsoOgn 

r-.;"cmfacs I 

........... 

  SLflsift 

The Retarded Bit Rate Unit, Model 220, re-
ceives the tone burst binary coded decimal 
signal from the tope through the Magnetic 
Tape Search Unit, Model 202, and converts 
this to a pulse width and pulse height timing 
signal which is re-recorded on the oscillo-
graph. The bit rate and word rate are adjusted 
to conform with the speed of the oscillograph 
regardless of the speed of the tape transport. 

Write for Technical Bulletin 220 

The new name for HYCON EASTERN, INC. is 

Hermes Electronics Co. 
75 Cambridge Parkway • Dept. A • Cambridge 42, Massachusetts 
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PLANTS AND PEOPLE 

MacDonald: a dual talent 
BELIEF that good engineers don't make good administrators is proved 
wrong by the accomplishments of Hazeltine Corporation's William A. 
MacDonald. Company directors asserted their confidence in his dual tal-
ents last April by electing him president in addition to the chairmanship 
of the board which he has held since 1957. 

Proof of MacDonald's abilities in guiding the company's progress was 
shown by the announcement last month of a two-for-one stock split, the 
third in Hazeltine's 35-year history. 

Appropriately enough, the vigorous, brawny MacDonald observes his 
35th anniversary with the firm this year. He started in 1924 as chief 
engineer for the then new-born organization. Under his leadership, the 
firm has grown from a modest patent licensing concern to a $62 million 
operation. 
The most striking characteristics of the Hazeltine president are his 

great enthusiasm for his work and his first-hand knowledge of the people 
who work with him. They all call him "Mac," and it's not forced. The keen 
technical mind he inherited from his Scottish ancestors is leavened with 
a refreshing sense of humor. 

Callers are sometimes treated to the experience of having Mac pull a 
short length of red carpet from an office closet and roll it out on the floor 
as they enter. 
MacDonald got his start in electronics in 1913 when he began working 

for Marconi Wireless at the age of 16. Prior to World War I he worked 
for Western Electric. In France during the war years, he became an asso-
ciate of then Captain E. H. Armstrong with whom he worked on the first 
superheterodyne receiver. After the war he became an engineer for the 
Signal Corps, later joined RCA before going to Hazeltine. 
He steered the company into military electronics at the beginning of 

World War II, calling on specialist firms to team up with Hazeltine in 
research «nd development of war material. The idea he established of 
forming a number of companies into a team to work in concert on gov-
ernment contracts was a forerunner of today's systems management 
concept. 
Mac put much of his own personal effort into war work and includes 

in his exploits a visit to the Pacific war theatre at the Navy's invitation 
to see at first hand the equipment his team made for the war effort. 
America's first IFF system was developed and produced under his man-
agement plan. A certificate of merit for his wartime contributions holds 
a place of honor in his office. 
MacDonald has been granted 110 patents both here and abroad. He 

is a fellow of the IRE. He spends his spare time at his favorite hobbies, 
needlepoint tapestry and a small farm on his Long Island home. 

Name Pardue to 
New Position 
DAN It. PARDUE has been named to 
direct the development program for 
Flow Measurements Corp., which 
was recently formed to produce 
thermal and ultrasonic flow meters 
and is closely associated with Wein-
schel Engineering, specialists in 
precision electronic testing equip-
ment. The new corporation is 
located in the Weinschel Building, 
Kensington, Md. 
Pardue joined Weinschel Engi-

neering in September 1958. He was 
previously employed for six years 
at the National Bureau of Stand-
ards. 

Resdel Appoints 
Siegmeth V-P 
APPOINTMENT of Alfred J. Sieg-
meth to the position of vice presi-
dent in charge of engineering and 
manufacturing for Resdel Engi-
neering Corp., Pasadena, Calif., is 
announced. He was formerly di-
rector of engineering responsible 
for electronic engineering and de-
velopment. 

In his new position Siegmeth as-
sumes direction of both the engi-
neering and manufacturing of the 
company's increasing line of prod-
ucts. Resdel designs and manufac-
tures advanced instrumentation 
systems and subsystems for mis-
siles and space vehicles. 

(Continued on p 92) 
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It takes Tough Testing to 
build Timing Performance 

When you buy a Haydon Timing Motor or Timing 
Device, you buy high quality and superior performance, 
because every production model and every new design 
has proved itself by passing the toughest, most exhaus-
tive series of tests that our engineers can devise. 
Quality control at Haydon starts with a careful inspec-
tion of all in-coming materials. It continues throughout 
production — with all parts and assemblies gaged, in-
spected or physically tested after every operation that 
can affect the performance of the finished motor or 
device. Final step is an inspection of completed motors 
and timing devices. All units are performance tested 
for many hours urlder varying conditions and are check-
ed for quiet operation. Percentage samples of each lot 
are checked for torque rating, timing accuracy, and ac-
curacy and alignment of gears and shafts. In addition, 
all new designs and periodic samplings from production 
are subjected to special "life endurance" tests in which 
hundreds of units are run continuously under various 
load conditions. In some instances, units have now been 
running ceaselessly for more than 10 years . . . proving 
their ability to perform millions of cycles without failure! 
When you submit your timing problems to Haydon, you 
can be certain that our teams of engineers and other 
Timing Specialists have the experience, knowledge and 
facilities to supply devices designed, produced and 
tested to meet your needs exactly and perform accord-
ing to your specifications. 
For further information, write now, outlining your 
timing requirements. 

DIVISION OF H aycion  GENERAL TIME CORPORATION 

AT TORRINGTOIV 
2431 EAST ELM STREET 

TORRINGTON, CONNECTICUT 

Headquarters for Timing 

TIME DELAY 
TIMER 
Provides time delay in ranges 
up to 9.5 minutes. Ideal for 
such applications as the 
protection of power tubes 
and/or operating preset 
operating cycles. Available in 
120 or 240 volt, 50 or 60 
cycle current. 

400 CYCLE 
MOTOR 
These split phase motors 
provide the military an 
accurate approach to timing 
control for military 
applications. Rotor speed is 
3,000 RPM at 400 cycles, 115 
volt normal. Two models are 
available — Heavy Duty with 
18 gram millimeters torque at 
the rotor, and the Miniature 
with 5 gram millimeters at 
the rotor. These motors may 
be applied to Haydon gear 
trains if desired. 

CYCLE TIMER 
These units repeat a set cycle 
or sequence of operations as 
long as the motor is energized. 
Available in a wide choice of 
speeds, a broad range of 
timing intervals, and with a 
wide range of enclosed single 
pole, double throw switches 
for 120 and 240 volt operation, 
for 50 and 60 cycles. 
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IMMEDIATE DELIVERY OF ALL TYPES 

BY THE LEADER FOR OVER 10 YEARS 

NAVY TERMINAL BOARDS 

Solid Block 1774110 

Feed-Thru Terminal Block 7TB12 

Gen-Pro military terminal boards are manufactured and 
inspected in accordance with latest revision of MIL-T-16784, 
BuShips Dwg. 9000-56505-B-73214 and BuOrd Dwg. 
564101. Molding compound, per MIL-M-14E assures low 
dielectric loss, high insulation resistance, high impact 
strength. 

NEW MINIATURE TYPES NOW AVAILABLE 
Gen-Pro miniature type military terminal boards conform 
with Bureau of Ships Drawing RHO-D-764, as referenced 
in MIL Standard ;rit242. 

WRITE today for new catalog Miniature 
with illustrations & specifications 26TB10 

GENERAL PRODUCTS CORPORATION 
Over 25 Years of Quality Molding 

UNION SPRINGS, NEW YORK TWX No. 169 
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ATTRACT AND HOLD TECHNICAL PERSONNEL 

ORLANDO 

TAMPA 

DAYTONA 

BEACH  

METROPOLITAN 

AREA  

ORMOND BEACH 
HOLLY HILL 

PORT ORANGE 
SOUTH DAYTONA 

fiLeoce•ee 

JAtgsotiving 

DAYTONA 
BEACH 

Metropolitan Area 
Industrial Sites 

MISSILE 
TEST 

EENTia 

WEST 
PALM 

BEACH 

STRATEGIC 
LOCATION FOR 

GROWTH INDUSTRIES 

DAYTONA BEACH 

Daytona Beach, the east-t0-
west terminal on the north-
to-south route of the proj-
ected Federal Limited Acces9 
Freeway System, gives indus-
try a plus for the future. 

Write for newialpage 
Industrial Brochure 

R. H. MILES, MGR. 

INDUSTRIAL DEPARTMENT 

CHAMBER OF COMMERCE 

DAYTONA BEACH, FLORIDA 

Fleming Takes 

High ISA Post 
LAWRENCE FLEMING, head of test 
instrument development at South-
western Industrial Electronics Co., 
Houston, Texas, has been appointed 
assistant director of the Missile/ 
Space Group of Instrument Society 
of America. 
The ISA group manages all so-

ciety activities in the missile and 
space instrumentation field, and 
sponsored papers given at the ISA 
fifth annual flight test instrumen-
tation symposium in May. 

News of Reps 
Servo Dynamics Corp., Somers-
worth, N. H., appoints Jay Stone & 
Associates of Sunnyvale, Calif., as 
its sales rep in northern California 
and Nevada. 

Robert K. Mikkelson has joined 
E. V. Roberts and Associates, Los 
Angeles rep firm, as branch man-
ager of the Albuquerque, N. M., 
office. 

Technitrol Engineering Co., Phila-
delphia, Pa., manufacturer of 
pulse transformers, delay lines and 
computer equipment, has ap-
pointed the hiker Co., Winston-
Salem, N. C., as sales rep for the 
areas of North Carolina, Ten-
nessee, South Carolina, Georgia, 
Alabama and Mississippi. 

Weinschel Engineering, Kensing-
ton, Md., recently appointed Airep 
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Engineering Co. of Dallas, Texas, 
as sales engineers for its preci-
sion electronic testing equipment. 
Airep will cover Texas (except for 
El Paso County), Oklahoma, Ark-
ansas and Louisiana. 

-4 Sol Predeger has joined John J. 
Kopple Associates, manufacturers' 
reps of Mt. Vernon, N. Y. He will 
be sales rep in greater New York 
and New Jersey for all the lines 
handled by the organization. 

Yarbrough Sales Co. of San 
Marino, Calif., has been appointed 
exclusive west coast sales and en-
gineering rep for Accurate Special-
ties Co., Inc., Woodside, N. Y. Rep 
firm will cover the entire state of 
California. 

Mid-Eastern Electronics, Inc., 
Springfield, N. J., announces the 
appointment of Naylor Electric 
Co., Inc., Syracuse, N. Y., as sales 
rep for its line of power supplies, 
special test equipment and ultra-
high resistance measuring instru-
ments in western New York State. 

David G. DeHaas, former manager 
of the J. T. Hill Co., has organized 
his own electronic manufacturers' 
rep agency, the David G. DeHaas 
Company, in San Diego, Calif. 

George H. Weiland of Flushing, 
N. Y., is named eastern rep for De-
signers for Industry, Inc., Cleve-
land, Ohio. He will direct sales ac-
tivities for DfI in southeastern 
Connecticut, lower New York, and 
northern New Jersey. 

The Jack Berman Co. of Los An-
geles, Calif., is appointed sales rep 
for Columbus Electronics Corp., 
Yonkers, N. Y., manufacturer of 
double diffused silicon rectifiers 
and other semiconductor devices. 
Berman organization 
branch office in Phoenix 
vide representation in 
California, Arizona, and 
County, Nevada. 

and its 
will pro-
southern 
in Clark 

Babcock Relays, Inc., Costa Mesa, 
Calif., names Carlson Electronic 
Sales of Chicago, Ill., as its rep in 
northern Illinois, southern Wis-
consin and northern Indiana. 

KLEIN PLIERS 

301 

301-6P 

208-6C 

Many Klein Pliers are 

available with a coil spring to 

keep jaws in open position. 

Spring is guaranteed for the life 
of the plier. 

Klein Pliers may be ordered with dipped-on plastic-coated handles. 

There's a lot to like in Klein Pliers. 
There is a size and style for every 
job, even the toughest wiring as-
sembly. All are made of finest alloy 

steel, individually tempered and 
tested. They are backed by the Klein 
name, serving industry for more 
than 100 years. 

Yours for the asking— 
free copy of the new 
Klein Pocket Tool Guide. 

ASK YOUR SUPPLIER 

Foreign Distributor: International Standard Electric Corp., New York 

Mathias KLEIN if„ Sons 
:ebbing! 1857 cbl Ill. VIA. 

7200 McCORMICK ROAD • CHICAGO 45, ILLINOIS 
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ANOTHER 

BASIC 
MOTOR 

FIRST... 

Torieeiefhlie 
A.C. TIMING MOTOR 
Thinner ...Quieter ... 

More Reliable. .. More Versatile 
FINGER-THIN . . . 

Only 9/16 Inches Short ... Only 13/4 Inches 
in Diameter .. . very compact . . . reduces 
the size of your equipment. 

WHISPER-QUIET... 
Strictly an electrical motor . . practically 
noiseless . . . no rattling of gears or ratchets. 

HIGH TORQUE . . . 
1/4 oz. inch at the rotor with an instantaneous 
start and stop ... requires only 21/2 watts ... 
can replace larger motors in recorders, con-
trols and telemetering equipment. 

HIGHEST RELIABILITY . . . 
Longer life . .. no one-way gears or ratchets 
to fail s . t provides millions of operations 
without any trouble. 

C) 1959 Send for Special Illustrated 
Bulletin AWH MO-806 few 

AVkMAYDON e0004«, 
235 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 

Custom Design 8, Manufacture Of Electronic 
And Electro•Mechanical Timing Devices 

CIRCLE NO. 

SPECIFICATIONS 
Standard Voltage Ratings: 
6, 12, 24, 115, 230 Volts 

Frequency: 
60 CPS Standard 
25, 50 CPS Available 

Power Input: 2.5 Watts 
Maximum (60 CPS) 

BASIC MOTOR 
Weight: 4 ounces 
Speed: 300 RPM 
Torque: 1/4  oz-in. 
Length: 9/16 inch 

WITH INTEGRAL GEAR TRAIN 
Weight: 5 ounces 
Speed: 300 RPM to 1/6 RPH 
Torque: 30 oz.-in. @ 1 RPM 
Length: 71a inch 

WITH 
INTEGRAL 
GEAR TRAIN 
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This announcement is under no circumstances to be construed us un offer to sell or as a solicitation of an 
offer so buy any of these securities. The offering is made only by the Offering Circular. 

NEW ISSUE  

100,000 Shares 

June 24, 1959 

INSTRUMENTS FOR INDUSTRY, INC. 

Common Stock 

'Price $3.00 per Share 

Copies of the Offering Circular may be obtained from the undersigned 

only in states in which the undersigned is qualified to art as a dealer in 
securities and in which the Offering Circular may legally be distributed. 

D. A. LOMASNEY & CO. 
39 Broadway, New York 6, N. Y. 

WHitehan 4-5885 

COMMENT 
Parametrics 

We wish to thank you for your 
review in your article "Looking 
Ahead in Engineering" (p 125, 
Mar. 13) of our new proximity 
switch the Proxor. 

In keeping with your high stand-
ards, we wish to call to your atten-
tion the misspelling of our company 
name... 

R. E. JOHNSON 
PARAMETRICS 
COSTA MESA, CALIF. 

The name of reader Johnson's 
company was incorrectly given as 
Paramagnetics. 

Diodes and Rectifiers (Cont'd.) 

(Re: Your editorial comment to 
the letter from Harold M. Honig, 
p 124, May 8) : The comment was a 
general statement to the effect that 
there was no potential difference be-
tween a diode and a rectifier, and 
that the latter appears to describe 
a function rather than a device. 
The difference between these two 

items will be clear if Federal Cata-
loguing Handbook H6-1 is consulted. 
The full names involved are SEMI-
CONDUCTOR DEVICE (1), DIODE and 
RECTIFIER, METALLIC. The (1) in the 
first item name means that a basic 
concept for SEMICONDUCTOR DEVICE 
has been developed and is published 
in the handbook. 

It will readily be seen that a dif-
ference does exist between the two 
full item names, and further, if only 
the terms rectifier and diode are 
considered, then it is understand-
able that a conflict between the two 
terms can exist. 
The item names and definitions 

were developed during a joint mili-
tary services and industry confer-
ence at New York in October 1955. 
Because of the reference to Federal 
Cataloguing Handbook H6-1 in Mr. 
Honig's letter, it was felt that an 
explanatory comment would be in 
order, inasmuch as this headquar-
ters is directly concerned with the 
material appearing therein. 

JOSEPH H. UTZ 
DIRECTORATE OF SUPPLY, AMC 
WRIGHT-PATTERSON AFB, OHIO 

The definitions given in H6-1 for 
the two highly specific terms men-
tioned by reader Utz do differ 
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Two_Amr,..d 
Component Development 

Engineering at its BEST! 

PRECISION 
DEFLECTION 

COSSOR YOKES 

• ADVANCED ELECTRICAL DESIGN 
• PRECISION MECHANICAL DESIGN 

• ACCURATE PRODUCTION METHODS 

Custom Built to the most 

Exacting Specifications 

by Cosser Engineers 

In Murnetal Core. for Optimum Geom•try 
In Ferrite Core• for, Speed and Sensitivity 

In lgen•megnetio Coree for Perfection of Response 

Any of Cossor's Three Core Types can be 
made in single or double axis with single or 
push-pull windings, and encapsulated tor 
fixed or slip ring (rotating) use. 

Normal characteristics of yokes for l-1/2 in. 
neck tubes are: 

Positional accuracy • the spot position will con-
form to the yoke current 
co-ordinates within 0.25% 
of tube diameter. For de-
flection angles less than 
2 250 better accuracy can 
easily be achieved. 

Memory - 0.5% max. without over-
swing: 
0.1% or less with controlled 
overawing. 

Complete encapsulation in epoxy (stycast) or 
silicone resins is standard for all Cossor deflection 
yokes, and is done with special moulding tools 
ensuring accurate alignment of the yoke axis. When 
slip rings are added, solid silver rings are mounted 
n encapsulating resin. The finished slip ring yoke 
is precision turned to centre bore, and can include 
bearing mounting surfaces with dimensional toler-
ances approaching those associable with high quality 
metal parts. 

Settling Time .Nlicro 1sec. , •• 
120 N'Induct•no• in H•nriee 

Sensitivity degrees/ milliamperes n 

/Inductance -  
0.095 V Accelerator Voltage • 

eie 

975* ,sr5 

COMPONENTS DIVISION 

COSSOR 
CANADA LIMITED 

301 Windsor St., Halifax, N. S. 
8230 Mayrand St., Montreal, Que. 
648A Yonge St., Toronto, Ont. 
Corporation House, 160 Laurier West, Ottawa, Ont. 

markedly, of course. But our com-
ment—that a rectifier is a special 
class of diode—still holds. A cop-
per-oxide rectifier is a type of di-
ode; so is a selenium rectifier; and 
silicon or germanium diodes can 
certainly be used to rectify alter-
nating currents. A diode is a de-
vice with two elements; rectifying 
is its sometime function. 
Our mailbag brings us another 

note on the same subject: 

In considering standardization 
with respect to the symbols for di-
odes and rectifiers, please consider 
our present conventions, which are 
admittedly functional rather than 
device symbols. 
A diode, as a detector, is a sink, 

and is shown with the sign at 
the anode; while a rectifier is a 
source, with the + sign at the 
cathode . . . except by the people 
who don't get this distinction and 
make their own fielder's choice. 

DONALD H. ROGERS 
JERROLD ELECTRONICS 
PHILADELPHIA 

Challenge of Space 

(The special report "The Chal-
lenge of Space," p 65, Apr. 24) is 
an excellent summary and you can 
be proud of it. 
I would like to see a series of ar-

ticles further reviewing the techni-
cal problems and assembly data on 
each of the fields. Further, I would 
like to see a series on the applica-
tion of communications with par-
ticular emphasis on the use of satel-
lites as adjuncts or auxiliaries to 
earth-service communications. 
As you know, I consider that this 

will be the first commercial use of 
space travel, and that it will occur 
in the relatively near future. 

R. P. HAVILAND 
GENERAL ELECTRIC 
PHILADELPHIA 

. . . I wish to compliment you 
highly on this lucid, concise and 
very understandable presentation of 
a subject so interesting to us all. 

Since I am in charge of a depart-
ment in direct contact with our 
schools and universities, and have a 
knowledge of their needs, I believe 
that your article would be invalua-
ble for use in science classes ... 

GALE A. MOBLEY JR. 
WATERHOUSE PHOTO CO. 
HONOLULU, HAWAII 

ROHN 
SELF SUPPORTING 

COMMUNICATION 
TOWER 

(This radar weather tower of KSTP-TV, 
Minneapolis, uses the 3 lower sections of 
the ROHN -Self-Supporting" tower. Note 
construction, design and size.) 

HERE ARE THE HIGHLIGHTS OF THE ROHN "SS" TOWER, 

130 ft. in height, fully self-supporting! 

*- Rated a true HEAVY-DUTY steel tower, 
suitable for communication purposes, 
such as radio, telephone, broadcasting, 
etc. 

"*.- Complete hot-dipped galvanizing after 
fabrication. 

*Low in cost—does your job with BIG 
savings—yet has excellent construction 
and unexcelled design! Easily shipped 
and quickly installed. 

FREE details gladly sent on request. 
Representatives coast-to-coast. 

ROHN Manufacturing Co. 
116 Limestone, Bellevue, 

II Peoria, Illinois 

"Pioneer Manufacturers of 
Towers of All Kinds" 
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EMPLOYMENT OPPORTUNITIES 

John Mitchell, Asst. Chief Engireer, Mobile and Portable Communications Products 

"Growth: that's why 
I changed to Motorola' 
"Five and one-half years ago I decided to seek a more 
aggressive organization in order to take full advantage of 
the outstanding growth opportunities in the electronics 
field. My move up to Motorola has been extremely re-
warding. Within five years I have advanced from Project 
Engineer to Group Leader, then to Section Manager and 
now I am Assistant Chief Engineer with opportunity for 
continued growth. 

"This personal growth typifies Motorola's policy of ex-
panding activities and promoting from within to keep pace 
with the rapid industry development. It is also very grati-
fying to be part of an organization that operates in a spirit 
of friendly teamwork, where even top officers are addressed 
by their first names; a company that appreciates and en-
courages ingenuity and capability. Throughout Motorola 
I have found everyone takes a keen, enthusiastic interest 
in his work and feels a strong pride in the company's com-
manding position in the field and in its products. 

"Living in the Chicago area is also very enjoyable. I 
bought a home in a small western suburb only a half hour 
drive from the plant, yet still well out into the fresh country 
air. It's only one of dozens of pleasant, well planned com-
munities surrounding the city. Fine schools, shopping and 
recreation facilities are convenient everywhere. 

"Motorola is continually growing, and every day I see 
this development opening constant advancement oppor-
tunities for individuals with talent and willingness. I'm 
proud to be a part of it." 

For engineering openings in Military electronics • Civilian 2-way 
radioand ports ble communications—WRITE: Mr. L. B. Wrenn, 

Engineering Personnel Mgr. 
DEPT. D 
MOTOROLA INC. 
4501 Augusta Blvd., Chicago 51,111. 

ALSO SPLENDID OPPORTUNITIES IN 
PHOENIX, ARIZONA • RIVERSIDE, CALIFORNIA 

MOTOROLA 

up in 
the air? 

Are you an electronic engineer 

that is perplexed about how 

to obtain maximum career 
progress? GILFILLAN has a 

number of openings offering a 

maximum of technical design 

challenge and rapid profes-

sional advancement. Here is a 

medium sized company with a 

friendly atmosphere that has 
vacancies in the fields of Air 

Traffic Control, Missile Guid-

ance and Support, Radar Sys-

tems, Countermeasures, and 

Microwaves. 

YOU OWE IT TO YOURSELF 

TO WRITE TO 

Gilfillan 
Dir. Scientific Personnel, 

Dept. 57 
1815 Venice Blvd., Los Angeles 6, 

Calif. 
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EMPLOYMENT OPPORTUNITIES 

You've had 3 to 5 years in electronics and you like it. 

Your specialties include reliability evaluation and analysis — 
telemetering—microwave antennas—servomechanisms. 

You're ready now for that big step up—to specific assignment 
on exacting, vital projects such as these: 

SUBROC—new underwater-to-underwater missile. 

PINPOINT GUIDANCE—for interplanetary vehicles, ballistic 

or cruise-type missiles, manned or unmanned aircraft. 

WEAPON SYSTEMS—everything from radomes and nose 

cones to crew-escape capsules and radar structures. 

Pinpoint—T. M. Goodyear Aircraft Corporation, Akron 15, Ohio 

'If you like the sound of these chailenges—PLUS the solid secu-
rity of working for one of the most respected and most diversi-
fied firms in American indusTry—PICS top-level recognition and 
cash reward for outstanding performance—there's a future of 

real substance for you at Goodyear Aircraft. 

And that future can be as far-ranging as the frontiers you will 

help probe. 

Write today—in complete confidence—to: 

Mr. C. G. Jones, Manager, Personnel, 

Goodyear Aircraft Corporation, 

Akron 15, Ohio. 

GO l'EAR Al RCRIIIIFT 
Laboratories in Akron, Ohio, and Litchfield Park, Arizona 
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EMPLOYMENT OPPORTUNITIES 

E 
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S 

FOR 

TRANSDUCER RESEARCH 
AND 

ELECTRONIC INSTRUMENTATION 
Interesting and challenging work in Instrumentation is in progress at the 
ARMOUR RESEARCH FOUNDATION, one of the nation's foremost independent 
Yesearch organizations. 

Positions are available for qualified personnel in research, development and 
application of sensors for measurement of 

TEMPERATURE • ACCELERATION • FORCE 

PRESSURE • DISPLACEMENT • FLOW 

and other Physical. Chemical, and Meteorological quantities. Present progeams 
in transducer research include development of sensors and associated electronic 
circuits for use in military and industrial control, telemetry, automatic inspec-
tion and data processing systems. 

The Foundation offers a professional atmosphere in which to work, competitive 
salaries, and liberal employee benefits including generous relocation allow-
ance, art excellent vacation policy, insurance and retirement programs, and 
the opportunity for tuition-free graduate study at Illinois Institute of Technology. 

Inquiries are invited from engineers and physicists with B.S. degree and at 
least two years experience in instrumentation. Please send a resume of your 
qualifications to 

A. J. Panerai 

ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 

10 W. 35th Street Chicago 16, Illinois 
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ENGINEERS 

teelearcii and 
lievelopment 

e 

DAYSTROM 
INSTRUMENT Division 

Offers qualified engineers 

CREATIVE ASSIGNMENTS 
in the following fields 

• RADAR • COMMUNICATIONS 

• NUCLEAR INSTRUMENTS • COMPUTERS 

• TRAINERS & SIMULATORS 

• COUNTERMEASURES • TELEMETERING 

Live, work and play near the famous POCONO Mountains resort area 

Send full resume in complete confidence to 
Robert M. Hill, Technical Employment Supervisor 

DAYSTROM INSTRUMENT 
Division of 

V VVVVVArqi etcnrj. 

Daystrom Inc. Archbald, Penna. 

Electronic 
ENGINEERS 

RESEARCH & DEVELOPMENT 

ARE IOU COI SOMEWHERE 
in this new world of Electronics? 

Here at 1.F.1.—the creative engineer will find our 
advancement policies and organization structure 
provide opportunities uncommon to the industry as 
a whole! You can move ahead—because of our 
phenomenal growth in facilities, personnel and 
sales—there is always room for a proportionate 
increase in top and middle level openings. 

Openings Exist For 

PROJECT ENGINEERS 
SR. ENGINEERS . . . ENGINEERS 

B.S., E.E. OR PHYSICS 

Several years or inure experience in circuitry and 
..iiiiipment design or applicable background—to 
work on UHF and VHF systems. Wide band knowl-
edge desiralile for challenging assignment, on elec-
tronic countermeasures systems for military ap-
plication and electronic instruments for commercial 
use. 

1:n th.• rcm ca4ional awl cultural advantage, ct 
soiri/111 liso hland , 411 ti,inuitea from m,,n, 

h.t• f an t heat c..,—r...tazirant,--concert,. etc. 

Salaries commensurate with ability. 
Many benefits, including 

Profit Sharing Retirement Plan. 

,Avos/ 

te 1 4, 
_f. >. 4Z- • 

e #bR 
INSTRUMENTS FOR 
INDUSTRY, INC. 

Call for Interview 

J. V. HICKS 
OVerbrook 1-7100 

Or send resume 
in confidence to: 

101 New South Rd Hicksville, L. I. 

PROFESSIONAL 

SERVICES 

CROSBY LABORATORIES, INC. 
Muria) G. Crash) & Stall 

Electrnnir. 
Research Development & àlanufacturing 

Communications. Ft a TV 

2!19 Robbins Lane. Sy -ser. Neu York 
NVElls I 

ALBERT PREISMAN 
Con.,ulling Engineer 

Television. Pulse Technique,. Video 

Amplifiers, Patent technical consultation. 

Iii st. Andrei, Lane, Silver Spring. Nlaryland 

YARDNEY ELECTRIC CORP. 
.• ri ,on• ,.ià f.. * 

Eit.1•1.1«,,-Cliumival Generators of Energ 

•i roe, eei i II ite,r11 e 1,, me fpne,111 -

10-.31, Leonard Street M'Orth 5-31(111 
Neu York N. V. T.NI. 
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EMPLOYMENT OPPORTUNITIES 

SERVOMECHANISM 
SYSTEM 

DESIGN ENGINEER 
(SAN FRANCISCO PENINSULA) 

Fed up? Fenced in? Thinking about 
that final jump that will take you and 
your family to mild, beautiful North-
ern California? 

Phi!co Western Development Labora-
tories at Palo Alto (heart of the San 
Francisco Peninsula's new electronics 
center) has a truly unique opportunity 
for a DESIGN SPECIALIST TO ASSUME 
PROJECT LEADERSHIP IN A GROUP OF 

SERVOMECHANISM SYSTEM DESIGN IN 

A MAJOR MISSILE TRACKING PROGRAM. 

You should be a U. S. citizen, and 
know theory of complex variables, 
operational calculus, analytical meth-
ods of network synthesis and have ex-
perience in any of the following: 

HYDRAULIC SERVO DRIVES 
INSTRUMENT SERVOS 
COMPUTER SERVOS 
LARGE SERVO DRUMS 

DIGITAL SERVO SYSTEMS 

Write today in strictest confidence to 
Mr. H. C. Horsley, 

Engineering Placement, Dept. E. 7 

PHILCO CORPORATION 
GOVERNMENT & INDUSTRIAL DIVISION 
WESTERN DEVELOPMENT LABORATORIES 
3875 FABIAN WAY, PALO ALTO, CALIF. 

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 qualifications with the 
many dynamic young e in 
aviation, electronics, missiles and rock-
ets. NN'e now have in excess of .1.0011 
openings lit the $8,000 to $10•000 
bracket. all of which are fee paid. Why 
wait t Send resume in duplicate at once 

FIDELITY PERSONNEL 
1530 Chestnut Street, Philadelphia 2, Pa. 

Established 1943 

REPRESENTATIVE 
MANUFACTURER OF SPECIAL CAPACITORS, 
PULSE FORMING NETWORKS AND R.F. SUP-
PRESSION FILTERS. 

Desire representation by established 
Engineering Organization now seiling 
O.E.M. accounts for Texas, Ohio, Florida, 
Alabama. Washington and Rocky Mt. 
territories. Organization must now be 
selling compatible lines to O.E.M. 

RIV-1911. Electronb•s 

Class. ‘ilv. Div., l.0. Box 12, N.Y. tel, N.Y. 

21.%N.\ ilireet all ii mi 
autitities or soul)! manufacturer or VIII, television 
distribution equipment. low noise and specialized 
iimplitiers. Must have engineering edueation and 
subatantial su‘wessful sales management experi-
ence. Considerable travel. Located in small aca-
demic community in mountains la' Central Penn-
sylvania for dmightful 'him.: and family raising. 
crowth oppominity. Salary and stock option. 
Apply to Mr. James R. Palmer. Community Engi-
neering Corporation, Box 824, State College. 
Penn a. 

ANNOUNCING 

Two Significant 

Scientific Opportunities 

In Florida With 

Pan Am 
The Guided Missiles Range Division of Pan American 
World Airways, Inc., has prime responsibilty to 
the Air Force for management, operation and 
maintenance of the 5000-mile Atlantic Missile Range. 
This responsibility and the continuing expansion 
of the division now creates significant staff 
openings for two high-level, creative scientists: 

SENIOR ELECTRONICS SPECIALIST 
Will plan and develop procedures for the effective utilization 
tif eleutronic equipment in obtaining missile flight test data. 
Will also he responsible For the test :Ind evaluation of oleo-
trunii• instrumentation, Iota processing, radar. communica-
tions, optical and telemetry equipment. 

3,1tist possess ttai M.S. degree in Physics or Electrical Engi-
neering, or equivalent postgraduate training, with several 
years experience in electronie systems design, field test and 
aria lysis. Salary open. 

SENIOR DATA PROCESSING SPECIALIST 
-Will esttiblish, conduct and analyze field tests to improve 
operational performance of data procA.ssing equipment, 'rec-
ommend equipment modifications, and develop future data 
processing equipment requirements. Will also make qualita-
tive :inalyses of data produced. and conduct real-time com-
putations for range safety, etc. 

Most possess M.S. in Mathematics or Physics, preferably 
w ith ihictorate. Must also possess extensive experience in 
systems design and planning of programs for IBM 7 0 4 and 
7n9 computers. Salary open. 

These high-level openings are at our GMRD 
headquarters at Patrick Air Force Base, Florida. 
To the creative engineer or scientist, they offer 
unique possibilities for career advancement and 
professional achievement, as well as intimate 
contact with the nation's major missile test and 
space exploration programs. Additional benefits 
include relocation in the central Florida resort 
area; competitive insurance, retirement and va-
cation programs; and unique 90% worldwide 
air travel discounts. 

Qualified applicants are invited to ad-
dress Mr. J. B. Appledorn, Director of 
Technical Employment, Pan American 
World Airways, Inc., Patrick Air Force 
Base, Florida, Dept. ED-3. Please submit 
a complete resume in writing, or if you 
wish, telegraph collect the following 
basic information: name, address, age, 
eductaion, present title, years experience 
in field, salary requirement. Inquiries 
will be handled in strictest confidence, 
and personal interviews will be arranged 
immediately. 

GUIDED MISSILES RANGE DIVISION 

 wit  

PATRICK AIR FORCE BASE, FLORIDA 
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EMPLOYMENT OPPORTUNITIES 

ENGINEERING SUPERVISOR ELECTRICAL DEVELOPMENT 
Supervise General Headquarters Laboratory group for development of machine con-

trol systems and automatic test equipment, including tape, numerical and feed-back 
types. Primarily for various commercial divisions of the company. 

Requires degree in Electrical Engineering with some graduate study preferred, and 
eight to ten years' design experience in this field. Should include knowledge of appli-
cation of magamps and transistors to above work, plus some experience with digital 
and analog computers. 

Send resume and salary requirement to: 

Mr. R. L. Sauer 

WESTINGHOUSE ELECTRIC CORPORATION 
P. 0. Box 2278 PITTSBURGH 30, PENNSYLVANIA 

LOCATE IDEALLY 
Opening in concern located in university 
town in Southwest for EE engineers with 
one to four years experience in electronics, 
telemetering and data handling. Pleasant 
working and living conditions. 

DORSETT LABORATORIES, INC 
401 East Boyd St. Norman, Okla. 

AI. ENGINEERS 
SANTA BARBARA 

13.H.E.E. Degree. Experience in Magnetic 
Amplifiers, Induction Motors, AC Genera-
tors. Desirable living at its best. Liberal 
employee benefits. Contact Personnel 
eanager, D&R LTD., 402 East Gutierrez 
Street. Santa Barbara, California. WOod-
land 3116 

SEARCHLIGHT SECTION 
(Classified Advertising) 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 

ONCE IN A LIFETIME SALE! 
New spare parts purchased from one of the 
largest Professional Tape Recorder Manufac-
turers! Complete termination of materials for 
new manufactured products or spares for oper-
ating equipment. 

STOCKS LIMITED 
Shipments will be made in order 

of receipt. 

DRIVE MOTORS 
Bodine NCH-33 Hysteresis 
Synchronous, 115v, 60 cy, 
.45A. 600/1200 RPM. 41/4- 
dia by 51/2 " long. Rear 
shaft: 7/s" long. Front 
shaft: 11/2 " long and ground 

for 71/2  and 15 ips $29.50 
Same as above, but shaft ground for 33/4 and 
71/2  ips  S34.50 

Bodine NCI-33 INDUCTION DRIVE MOTOR, 
same mechanical specifications as above, except 
540/1080 RPM. Shaft ground for 71/2  and 

ips  $17.50 
Same, for 33/4  and 71/2 ips $22.50 

$ 1.50 PLUS 
per motor for postage and handling. 
5 MFD starting capacitor $2.00 

PROFESSIONAL TAPE RECORDER HEADS 
BT-1 Full track erase $10.00 
BT-3 Full track record  10.00 
BT-5 Full track playback  10.00 
BT-2 Half track erase  8.00 
BT-4 Half track record  8.00 
BT-6 Half track playback  6.00 
BB-3 Stereo record (stacked)  10.00 
BEI-5 Stereo playback (stacked)  10.00 
Cinemascope 35 MM playback head  30.00 

"VU" METERS 

4V2" internal 115 VAC illu-
mination. Mfg. by Phaostron. 
Plated metal escutcheon. 1 ma 
Same as above, except plastic 

Same as above, except plyastic 
case. Mfg. by Marion Electric. Requires ex-
ternal lamp source.  $730 

WESTON model 862 illuminated DB meter. 41/2" 
rectangular case. 0 DB.0.639V. New price 
$64.00. SPECIAL  $24.50 

California residents include 4% sales tax. 
Terms: cash with order or 25% deposit, bal-
ance shipped C.O.D. FOB Culver City, Calif. 

ELECTRONIC TRADING POST 
4364 Sepulveda Blvd. Culver City, California 

FOR 
ALL 
METERS 

NEED METERS? 
STANDARD or SPECIALS 
ANY QUANTITY-NEW-MILITARY 

ELECTRONIC-MILITARY 

AIRCRAFT-HAMS 

MAKES-MODELS 

RANGES-SIZES 

REPAIRED 
RESCALED 
RECALIBRATED 

WRITE - PHONE - WIRE 

A & M INSTRUMENT SERVICE 
INC. 

76-14 Woodside Ave. 

Elmhurst 73, N. Y. 

CAA No. 4264 Ltd. HA 9-2925 

SPECIAL 
Weston Polyphase Wattmeter Model 329 Labora. 
tory Instrument—Calibrated to within of 1°. 
accuracy, Completely rebuilt and refinished. .5350.00 
Electrical and temperature measuring instruments. 
Manufacturers of Special Test and Control Equip-
ment. 

Reliable Electric Motor Repair Co. 
19 California Ave. Paterson, N. 1 

TEFLON CO-AXIAL 
TRANSMISSION LINE 

Unused in original packing. 51.5 ohms 
158". Approx. 1000 20 it. sections. 

ES-1916, Electronics 
88 Post St., San Francisco 4, Calif. 

CONTACTS 

COLD-WEATHER RESEARCH 
AND TESTING-MT. WASHINGTON 

Nation's only accessible laboratory for 
large-scale civilian projects now pro-
gramming for the coming season. 

YEAR-ROUND 

For descriptive brochure write 

GORHAM LABORATORIES INC. 
GORHAM, MAINE 

SEARCHLIGHT Equipment 
Locating Service 

NO COST OR OBLIGATION 

l'his service is aimed at helping 
you, the reader of "SEARCH-
LIGHT", to locate Surplus new and 
used electronic equipment and com-
ponents not currently advertised. 
(This service is for USER-BUY-
ERS only). 

How to use: Check the dealer ads 
to see if what you want is not cur-
rently advertised. If not, send us 
the specifications of the equipment 
wanted on the coupon below, or on 
your own company letterhead to: 

Searchlight Equipment 

Locating Service 

c/o ELECTRONICS 

P. 0. Box 12, N. Y. 36, N. Y. 

Your requirements will be brought 
promptly to the attention of the 
equipment dealers advertising in 
this section. You will receive re-
plies directly from them. 

Searchlight Equipment Locating Service 

c/o ELECTRONICS 

P. O. Box 12, N. Y. 36, N. Y. 

Please help u, locate the following equipment 
components. 

NAME   

TITLE   

COMPANY   

STREET   

CITY  7/3/59 
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INDEX TO ADVERTISERS 
ACF Industries, Inc. 
Avion Division   lot 

Ace Electronics Associates, Inc   84 

Airpax Electronics, Inc.  34 

Allegheny Electronic Chemicals Co  75 

Allegheny Ludlum Steel Corp   59 

American Time Products, Inc. 3rd Cover 

Ballantine Laboratories, Inc  

Beaver Gear Works, Inc.  
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CBS Electronics   
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Cinch Mfg. Co  
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Hermes Electronics Co 
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Lampkin Laboratories, Inc.  82 
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Lomasney & Co., D. A.  94 

73 

81 

57 
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27 

71 

69 

95 

li 

88 

Daytona Beach Chamber of Commerce.. 92 

Edo Corporation   78 

Eitel McCullough, Inc  10 

Electronic instrument Co., Inc. (EICO) 78 

Ellis and Watts Products, Inc  61 

Fairchild Semiconductor Corp   35 

Freed Transformer Corp.  10•! 

General Products Corp.  

Gorham Laboratories, Inc  

Hallicrafters, Inc. 

Mallory & Co., Inc., P. R  36 

Marconi Inst rument s   80 

Marion Instrument Div. Minneapolis-
Honeywell Regulator Co   82 

Moeller Instrument Co   15 

Melpar. inc.   62 

Milgray Electronics, Inc  33 

Moseley ('o., F. L  21 

Norden, Div. of United Aircraft Corp.... 8 

Radio Corporation of America 4th Cover 

Raytheon Mfg. Co 2nd Cover 

Rohn Mfg. Co   95 

Sanborn Company   32 

Sangatno Electric Co.  65 

92 Sigma Instruments, Inc.  76 

100 Sorensen & Co., Inc  63 

Spectrol Electronics Corp.  66 

Sperry Electronic Tube Div., 

Sperr> Rand Corporation  9 

79 Sperry Gyroscope Co.  78 

Iii 11Elitti 

':14 M4SISTORIZEO 

mDE1-. 412-01 

Model 412 
Shown actual size (approx. I Cu  

Avion Sip/em -Standard 
transistor 

servo amplifier 
Now, new dependability is assured in-
the-system, on-the-job, with this high-
reliability AVION Servo Amplifier. It 
weighs less than 2 ounces! 

Engineered to new high performance 
levels, the sub-miniature Model 412 fea-
tures unusual gain stability with temp. 
erature. adjustable high gain and high In-
put impedance, and requires only 28-v 
d-c excitation. 

Sgstem-eandard 
Engineered 

Gain: 2500 :I: 5% with 10-volt 
signal output 

Gain Stability: ± 10% of room-temperature 
value over the range from-55° to 
-4-100 C 

Input Impedance: 20,000 ohms min 
@ 400 cps 

Output: 2.8 watts 

Bandwidth: 100 cps minimum 

Ambient Temperature Range: —55° to 
+100°C 

Primary Power: 28 volts d-c, +10% or-5% 

WRITE for prices and delivery. 

AIL/ION 
FOREMOST IN AVIONICS 

I INDUSTRIES INCORPORATED 

AVION DIVISION 
11 Park Pla.e, 
Paramus, N J. 

Ilaydon Co., A. W  
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Give your products 

MORE RELIABILITY and 
BETTER PERFORMANCE with 

e NEW s 
HERMETICALLY SEALED 
CONSTANT VOLTAGE 
TRANSFORMERS. 

Meets Military 
Specifications 
No Tubes 
No Moving Parts 

Accurate Regulations 

Fast Response 

Fully Automatic 

Here at last is a her-

metically sealed mag-

netic voltage regulator 

that will provide con-

stant output voltage re-

gardless of line and/ 

or load changes. 

SUPPLIED EITHER MIL. OR COMMERCIAL 
INPUT LINE OUTPU OUTPUT 

CAT. It VOLT. FREQ. VOLT. VA. 

MCV• 6201. 95-130 y 60 cps. 115 20 

MCV• 6701 95-130 y 60 cps. 115 70 

MCV-61301. 95-130 y 60 CPs. 113 130 
MCV- 670F 95-130 y 60 cps. 6.4 70 

MCV-6130F 95-130 y 60 cps. 6.4 130 

MCV• 420F 95.130 y 400 cps. 6.4 20 

NEW 
MINIATURE VARIABLE 
HIGH FREQUENCY 

INDUCTORS 
Continuous Inductance Variation 
Hermetically Sealed Constructions 
Frequency Range 20 KC to 500 
High Ct 
Exact Tuning Without Trimmers 
High Self Resonant Frequency 

Cal. # 

NOMINAL 
IND. MHY 

MIN. MAX. 
AVERAGE 

CI 
SELF RES. 
FREO. MC 

V111. I 1.1 1.75 95 2.2 

VIII- 2 1.7 2.5 95 1.9 

VIII- 3 2.3 3.7 95 1.6 

VI-11- 4 3. 4.5 100 I.4 

VH1- 5 4. 5.7 100 1.3 

VIII. 6 5.5 7.5 100 1 

V111- 7 7. 10.5 100 .9 

VHI- 8 10, IS. 100 .85 

VH1- 9 14.5 20.5 100 .6 

VHI-10 20. 30. 100 .55 

114  

Send for NEW TRANSFORMER AND 
INSTRUMENT CATALOGS 

FREED TRANSFORMER CO., INC. 

Tapia, Group. llllll p.on Rasno 

'Wooldridge Inc.   

Texas Instruments Incorporated 30, 31 

Weinschel Engineering   12 

Westing-I lllll .e Electric Corp  

We4ton In4truments, Div. of Daystrons, 

Inc.   411 

White, S   16 

PROFESSIONAL SERVICES   

• 

CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 

98 

EMPLOYMENT OPPORTUNITIES. .96-100 

EQUIPMENT 

(Used or Surplus New) 

For Sale   100 

ADVERTISERS INDEX 

A & M Instrument Service Company  100 

Armour Research Foundation of 
Illinois Institute of Technology  98 

Community Engr. Corporation  99 

D. & R. Ltd  100 

Daystrom Instrument   98 

Dorsett Laboratories Inc    100 

Electronic Trading Post  100 

Fidelity Personnel   99 

Gilfillan Brothers, Inc  96 

Goodyear Aircraft Corp  97 

Instruments for Industry Inc  98 

Motorola Inc.   96 

Pan American Airways Inc. 

Guided Missiles Range Div.  99 

Philco Western Development Laboratories 99 

Radio Research Instrument Co   100 

Reliable Electric Motor Repair Co.  100 

Westinghouse Electric Company  100 

This index is published as a service. Every care is taken 
to make it accurate, but ELECTRONICS assumes no 
responsihilities for errors or omissions. 

You Can Locate 
Nearest 
SALES OFFICES 
in this year's 
BUYERS' GUIDE 
A one-step method for 

locating the nearest 
sales office of every man-
ufacturer listed in the 
GUIDE. The nearest 
sales offices to you (with 
addresses and phone 
numbers) are listed di-
rectly after manufactur-
ers' names in the Manu-
facturers' Index. 

One more reason why 
advertisers and users of 
the BUYERS' GUIDE 
receive extra benefits 
available in no other 
place. 

electronics 
BUYERS' GUIDE 
and Reference Issue 
A McGraw-Hill Publication 
330 West 42nd st. 
N. Y. 36, N. Y. 

88P 
1722 Weirfield St., Brooklyn (Ridgewood) 27 N Y 
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