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THE LITTLEST ARE THE LEAST NOISY 

35 iti.V 

NOISE CONSISTING PRINCIPALLY OF 

LEAKAGE ACROSS THE SOCKET 

AVAILABLE LIMITS: 10,000 OHM IMPEDANCE 
MAXIMUM BANDWIDTH, ROOM TEMPERATURE 

THE LIMITS OF 
CHOPPER NOISE 
PART ONE OF A SERIES ON THE STATE OF THE CHOPPER ART 

Nothing is ever simple in the electronics 
business. Not even graphs. The bar chart 
compares three kinds of modulators. We 
make all three. It makes the assumption that 
the circuit impedance is 10,000 ohms, that 
the system bandwidth is as wide as possible, 
that we stick to room temperature, that we 
ignore size and ignore expense. Finally, it 
tries to compare choppers (a component) 
with a magnetic modulator (a little system) . 

Almost anybody can claim he has a chop-
per or modulator device with a noise level 
below one microvolt. You should immediately 
ask him what that means. 

Why? Well, what is chopper noise? It is 
that signal remaining when we ain't got no 
signal. Or it is unwanted signal. Now if the 
noise consists of harmonics of the drive, and 
if the amplifier will not respond to them, your 
measurement is likely to look pretty good. 

Or, suppose a chopper is needed for an 
input circuit of one megohm impedance. But 
we measure at 1,000 ohms. Again, the answer 
may look good. 

But the noise in the chopper is compli-
cated by outside effects, like thermal junc-
tions, resistive coupling in printed circuit 
boards, and the like. 

The smallest choppers have the least 
noise. It was planned that way. And, as it 
may be plain, the little ones use less power, 
make less fuss, spray less flux into sensitive 
circuits, and reap benefits having little to do 
with noise. Now it's a fact that the circuit 
noise will be pretty troublesome, because you 
don't need a chopper for a DC amplifier un-
less you are trying to rescue low level signals. 

Part Two provides aspirin for the head-
aches encountered when we try to look at 
signals above and below one microvolt. 

We have much more information — it's yours for the asking. 

AIRPAX ELECTRONICS    ,terRac,.   TCEALMEBPRHIODNGEE. DIVISION.   CAMTBwRxI.D3G0E1, 22 MARYLAND 
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CROSSTALK 

Not One Profession, But Two 
TWO DISTINCT SCHOOLS of thought seem to 
be developing as to the mission of the under-
graduate engineering school. 
On one hand there are those, principally 

educators, who appear to judge an undergradu-
ate engineering curriculum solely on how well 
it prepares its graduates to undertake advanced 
work. In colleges where this viewpoint pre-
dominates there is heavy emphasis on mathe-
matics and science, less on design work. 
On the other hand there are those, frequently 

employers, who seem to judge a curriculum on 
how well it prepares its graduates to fill existing 
jobs in industry. Where this viewpoint predom-
inates there tends to be more emphasis on 
design, and much of this highly specialized. 
Are the two objectives mutually incompat-

ible? Perhaps. We often hear old-time engineers 
growl about green kids who have a lot of theory 
and can't design anything. And we hear also of 
engineering graduates who must spend the 
better part of a year making up undergraduate 
deficiencies before getting into graduate work 
as such. 
Then there is a third viewpoint, that of the 

technical institute. The better technical insti-
tutes today give their graduates almost as much 
engineering as some four-year graduates re-
ceived before the war. Many schools feel they 
should increase their courses of study from the 
traditional two years to three or even four years 
to prepare their graduates more adequately for 
today's electronics industry. Thus technical in-
stitutes could easily fall into the same traps 
that beset colleges. 
We believe that all these conditions are closely 

interrelated. We believe, further, that the prob-
lems that beset both educators and employers 

_ 

on both the engineering college and technical 
institute level are symptoms of a fundamental 
change in our art. 

There is today not one profession in elec-
tronics but two, electronics engineering and 
electronics technology. 
The electronics engineer, strictly speaking, is 

the innovator. His milieu is the research and 
development laboratory, where he may work 
with untried materials, components, circuits, sys-
tems or techniques. He requires a deep under-
standing of the mathematical and scientific 
fundamentals of the art and will frequently 
find himself handicapped without an advanced 
degree. 
The electronics technologist is also a profes-

sional man. But he deals with the reduction to 
practice of new devices and ideas. Design of 
circuits and systems, test and evaluation, manu-
facturing, operation and maintenance and sales 
engineering service are clearly within his pur-
view. He must have a broad knowledge of elec-
tronics theory and practice. More theory and 
more of the humanities than most technical in-
stitutes give. Possibly less theory and math 
than some colleges give. And, unless he chooses 
to teach electronics technology, a graduate de-
gree will not be especially useful. He may want 
to take graduate work in management or busi-
ness administration. 
Once we recognize the professional dichotomy 

that exists in the field of electronics we will 
have a clearer idea of what kind of men we need 
and what we may reasonably expect of them. 
\Ve can then prepare our engineers to be true 
innovators, while at the same time recognizing 
our technologists as the truly professional men 
they are. 

ENGINEER seeks seeks new techniques 
and devices and the electronics tech-
nologist puts these into practical vse. 
The industry needs both types of pro-
fessionals 

January 18, 1963 3 



ATTENUATION CALIBRATOR 

STILL THE BEST 

For 10 years the ki Model BA-5 Attenua-

tion Calibrator has been the most precise, 

the most advanced instrument on the mar-

ket for measuring rf and microwave attenua-

tion. It is still the only commercial instru-

ment designed specifically for that purpose 

using the audio substitution technique. 

The ki BA-5 is versatile. It is the only 

instrument needed for attenuation measure-

ments with the Single Channel System 

and it is also a basic component in the 

Dual Channel System. Each method has a 

direct dynamic range of 35 db. With perfect 

auxiliary equipment the Single Channel 

System is capable of accuracies of -±0.02 

db/10 db or -.±0.02 db, whichever is greater. 

In practical production test installations, 

average system accuracy is -±-0.1 db/10 db 

or ±-0.1 db, whichever is greater. Even in 

production testing the Dual Channel Sys-

tem is capable of accuracies of .±0.02/10 db 

or ±-0.01 db, whichever is greater. The range 

of either system can be extended to 55 db 

with partial rf substitution with only a slight 

deterioration in accuracy. 

Write for complete specifications on the 

BA-5.. For detailed information on the tech-

niques of insertion loss measurements, re-

quest Application Notes 1 and 4. 

WEINSCHEL 
ENGINEERING 

 1 

GAITHERSBURG, MARYLAND 
?TEL: AREA CODE 301; 9413-3434 

TWX: 301-926.3730 

SANTA MONICA, CALIFORNIA 
631 WILSHIRE BOULEVARD 

TWX. 213-879-0490 

COMMENT 

F-M and SSB 

I find I have little sorrow in my 
heart for the plight of the Land 
Mobile Radio services, and their 
bandwidth problems (p 18, Nov. 
30). They promoted their own prob-
lems with f-m, where many of the 
channels still allow ± 15-Kc devia-
tion. Return to a-m could cut these 
considerably, or use f-m, ± 5-Kc 
deviation, as on the 150-Mc band. 
SSB (a-m) could cut even this 
nearly in half. And the equipment 
replacements! I'm sure they buy 
new vehicles for their services, 
when they become antiquated or 
worn out—why not radios? As for 
degraded service, I'm sure the SAC 
wouldn't be using a-m (ssb) if this 
was a degraded mode of operation. 

R. E. BROBST 
(K9E0C) 

Godfrey, Illinois 

There is no question that sophis-
ticated, spectrum-saving modes 
such as ssb can ease the conges-
tion, but the problem extends fur-
ther than that. The meteoric rise 
in the use of Land Mobile Radio 
service far outdistances any im-
proved mode utilization. Also, SAC 
will find it far easier to get more 
frequencies in terms of national 
security than will land-mobile 
services on the basis of their 
needs. 

Land-Mobile got f-m for tech-
nical reasons, long before ssb was 
a reality for practical use. And 
SAC's range requirements make 
ssb almost mandatory. 

Lab Courses 

Congratulations on your editorial 
condemning the vast wasteland of 
most undergraduate lab courses (p 
3, Dec. 14, 1962). The overloaded 
engineering student soon learns to 
expend earnest effort in proportion 
to the credits earned (don't we all?) 
and not dissipate time for 1 or 2 
lab credits. "Experiments" often 
are worked out theoretically, em-
pirical "data" calculated (including 
"measurement" errors) and the re-
sults presented with the properly 

"deduced" conclusions. 
Any credits received are not for 

genuine lab work, but for the abil-
ity to compose reports at 3 a.m. on 
the due day. Really—is all this 
necessary? Schools that cannot af-
ford truly instructive lab courses 
should either drop them or, as you 
suggest, offer a form of occupa-
tional apprenticeship. 

ROBERT M. DEKOVICH 
New York, New York 

That editorial generated many 
letters, pro and con (mostly pro). 
Another pro letter is on p 4, Jan. 4. 

Normalizing Speech 

An article in the Nov. 30, 1962, 
issue of ELECTRONICS, Better Speech 
Quantizing for Pulse-Code Modula-
tion (p 84), by J. D. Howells, was 
noted with more than usual interest, 
since it closely parallels work done 
here at AFCRL. 
We have been using the technique 

of normalizing speech with respect 
to mean amplitude for several years 
here, and, in fact, have been issued 
U. S. Patent 2,901,697 on this tech-
nique, issued in 1959. 
The technique of normalization 

is especially useful not only for 
straight pcm, but for speech pat-
tern recognition and speech "com-
pression" in the data-rate sense, 
such as vocoder applications. We 
specified this feature for a special 
multiplex and digital-to-analog and 
analog-to-digital system built for us 
under contract several years ago at 
Epsco, Inc. We have also specified 
this arrangement for the polymodal 
digital vocoder equipments being 
built under contract at Texas In-
struments, Inc., due to be delivered 
next month. 

Normalization permits the digi-
tal data rate to be significantly re-
duced for the same level of speech 
quality; with normalization, it is 
possible to operate the vocoder at 
data rates as low as 1,200 bits per 
second with useful intelligibility 
and quality. 

CALDWELL P. SMITH 
Air Force Cambridge Research 

Laboratories 
Office of Aerospace Research 
United States Air Force 
Bedford, Massachusetts 
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LAMBDA 
LA SERIES 

Convection Cooled Transistorized 
REGULATED POWER SUPPLIES 

MINA& 

SPECIAL • Convection Cooled—No internal 
FEATURES blowers or filters—maintenance free 

• Ambient 50°C 
• No Voltage Spikes or overshoot on 
"turn on,durn off," or power failure 

• Guaranteed 5 years 

ALL MODELS 105-

CONDENSED DATA—LA SERIES 

DC OUTPUT (Regulated for line and load) 

Model Voltage Range>') Vernier Bane) Current Rangem) Pricés) 

LA 50-03B 0- 34 VDC 4 V 0- 5 AMP $ 350 
LA100-03B 0- 34 VDC 4 V 0-10 AMP 465 
LA200-03B 0- 34 VDC 4 V 0-20 AMP 685 
LA 20-05B 20-105 VDC 10 V 0- 2 AMP 350 
LA 40-05B 20-105 VDC 10 V 0- 4 AMP 495 
LA 80-05B 20-105 VDC 10 V 0- 8 AMP 780 
LA 8-08B 75-330 VDC 30 V 0- 0.8 AMP 395 
LA 15.08B 75-330 VDC 30 V 0- 1.5 AMP 560 
LA 30-08B 75-330 VDC 30 V 0- 3 AMP 860 

Regulation (line)  Less than 0.05 per cent or 8 millivolts 
(whichever is greater). For input varia-
tions from 105-140 VAC. 

Regulation (load)  Less than 0.10 per cent or 15 millivolts 
(whichever is greater). For load varia-
tions from 0 to full load. 

Ripple and Noise Less than 1 millivolt rms with either 
terminal grounded. 

IMMEDIATE 

ELIVERY 
FROM 
STOCK 

LA SERIES 

0- 34 VDC 5, 10, 20 AMP 
20-105 VDC 2, 4, 8 AMP 
75-330 VDC 0.8, 1.5, 3 AMP 

• Remote programming over Vernier band 
• Hermetically-sealed transformer designed 

to MIL-T-27A 
• Easy Service Access 
• Short Circuit Proof 
• Constant Current Operation—Consult Factory 

140 VAC INPUT 

Tern perature 
Coefficient Less than 0.025%/°C. 

(1) The DC output voltage for each model is completely covered by four selector 
switches plus vernier range. 

(2) Center of vernier band may be set at any of 16 points throughout voltage range. 

(3) Current rating applies over entire voltage range. 

(4) Prices are for unmetered models. For metered models add the suffix "tal" and 
add 630.00 to the price. 

AC INPUT 105-140 VAC, 60 :b. 0.3 cycle 

(5) This frequency band amply covers standard commercial power line tolerances 
in the United States and Canada. For operation over wider frequency band, con-
sult factory. 

Size 
LA 50-03B, LA20-05B, LA 8-08B 31/2 " H x 19" W x 14%" D 
LA100-03B, LA40-05B, LA15-08B 7" H x 19" W x 14%" D 
LA200-03B, LA80-05B, LA30-08B 101/2 " H x 19" W x 161/2 " D 

SEND FOR COMPLETE LAMBDA CATALOG. 

LA_MBDA ELECTRONICS CORP. 
515 BROAD HOLLOW ROAD • HUNTINGTON, L.I.. NEW YORK • 516 MYRTLE 4-4200 

Western Regional Office: 230 North Lake Avenue, Pasadena, California • Phone: Code 213, MUrray 1-2544 

New England Regional Office: 275 Boston Post Road, Marlboro, Massachusetts • Phone: Code 617, HUntley 5-7122 

Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L. I., New York • Phone: Code 516, MYrtle 4-4200 

Southeastern Region: W. A. Brown & Associates, Inc., Engineering Representatives 

Orlando, Fla. • Fort Lauderdale, Fla. • Huntsville, Ala. • Alexandria, Va. • Winston-Salem, N. C. 



MEASURE MILLIVOLTS 
at1000 MC 

hp 411A RF Millivoltmeter now available. Measure low level radio frequency, radio 
frequency and intermediate frequency stage gain, and radio frequency in coaxial 
lines from 500 kc to 1000 mc, 10 mv to 10 volts. Measuring is simple, resolution 
is high, and thermal drift errors are virtually eliminated with the 411A Voltmeter. 
This remarkable instrument has true linear operation (no correcting networks) and 
readings are presented on a large, mirror-backed linear meter. Temperature stability 
is such that there is virtually no change from 10° to 400 C. 

Specifications alongside indicate basic features of this important new, time-
saving instrument. Other special features include: matched diodes protected against 
burnout; probe temperature compensated for low drift; amplifier photochopper 
eliminating contact noise, guaranteeing high sensitivity and zero-drift freedom; 
extra probe tips available including a 500 kc to 250 mc UHF tip, 100:1 Capacity 
Divider tip for measurements up to 1000 y peak, and Type N Tee tip for coax use 
to 1000 mc. Get a new 411A into action on your bench now! 

HEWLETT 
PACKARD 
COMPANY 

1501 Page Mill Rd., Palo Alto, California, Area Code 415, 
DA 6-7000. Sales and service representatives in all 
principal areas, Europe, Hewlett-Packard S.A., 54 Route 
des Acacias, Geneva; Canada, Hewlett-Packard (Canada) 
Ltd., 8270 Mayrand Street, Montreal 

SPECIFICATIONS 

Voltage Range: 

10 mv rms full scale to 10 v 
rms full scale in seven ranges; 
full scale readings of 0.01, 
0.03, 0.1, 0.3, 1, 3 and 10 v rms 

Frequency Range: 

500 kc to 1 gc with accessory 
probe tips; usable indications 
to 4 gc 

Accuracy: 

500 kc to 50 mc, ± 3% of full 
scale; 50 mc to 150 mc, :I- 6% 
of full scale; 150 mc to 1 gc, 
1 db using appropriate probe 

tips 

Meter Scales: 

Two linear voltage scales, 0 to 
1 and 0 to 3, calibrated in the 
rms value of a sine wave; db 
scale, calibrated from +3 to 
—12 db; O db=1 mw in 50 
ohms 

Probe Tip Furnished: 

411A-21E BNC open circuit tip, 
500 kc to 500 mc; shunt ca-
pacity less than 5 pf; max. in-
put 200 y dc; input resistance 
at 10 mc typically 80K ohms 

Galvanometer 
Recorder Output: 

Proportional to meter deflec-
tion, 1 ma into 1000 ohms at 
full scale deflection 

Power: 

115 or 230 v J..- 10%, 50 to 60 
cps, 35 watts 

Dimensions: 

Cabinet Mount: 11 34" high, 
71/2 " wide, 12" deep 
Rack Mount: 6 - 31/321 high, 
19" wide, 103/8" deep behind 
panel 

Price: 

(9 411A, (cabinet) $450 
e 411AR (rack mount) $455 

Data subject to change without notice. 

Price f.o.b. factory. 
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electronics NEWSLETTER 

Congress and DOD Weigh Future of RS-70 
WASHINGTON — No matter 
how the Defense Department 

treats the RS-70 in the budget 
that was to be presented to Con-
gress yesterday, Congress will 
hotly discuss in the weeks ahead 

both the RS-70 and the already-
cancelled Skybolt. 
An authoritative source says the 

manned bomber is not yet dead, 
that highly classified information 
in favor of keeping manned bomb-
ers operational must be considered 
by DOD eventually, if not now. If 
Skybolt, which would extend the 
B-52's life, stays dead because of 
international political reasons, 
chances are good for a continuance 
of the RS-70 program. 

RS-70's immediate fate may be 
revealed by DOD's reaction to the 
Air Force plan for a $50-million 
program to develop a sensor system 
for the long delayed Mach-3 recon-
naissance-strike plane. If DOD ac-
cepts the plan the prognosis for 
continuation of the RS-70 program 
is fairly good. If it turns down the 
plan, the program's immediate out-
look is bleak. 
DOD approved the $50 million 

in November, but its actual re-
lease depends on acceptance of Air 
Force's proposal for spending it. 
The money would boost the amount 
released for fiscal year 1963 to $221 
million—still far short of Congress' 
$362.6 million appropriation. 
The sensor system includes side-

looking radar, data processing and 
display. The once-discussed exten-
sion of the system to communicate 
and actually display the radar pic-
ture back at home base is probably 
not part of the plan. 

Plans to Cut Back Midas 
Satellite Program Reported 

WASHINGTON—Air Force's Midas 
satellite program is reportedly go-
ing to be sharply curtailed by the 
Department of Defense. However, 
the program will be continued. Air 
Force Secretary Eugene M. Zuckert 
is understood to have made a strong 

plea for the program, arguing that 
the only thing DOD could hold 
against the program was its cost, 
not technical problems in the in-
frared-equipped spy satellite. The 
problems are not considered unsolv-
able. Some of DOD's negative at-
titude toward Midas has been 
caused by failures of the launch 
boosters, not of the satellite itself. 

Its Trouble Bypassed, 
Relay Goes on the Air 
WITH THE TROUBLE in its power 
supply overcome and a later prob-
lem in its command circuit (p 7, 
Jan. 11) compensated for, Relay 
began transatlantic tv transmission 
last week and contacted Rio de 
Janiero for the first satellite radio 
transmission to South America. 
A transistor acting as a voltage 

regulator in the No. 1 transponder 
caused the power drain, NASA and 
RCA said. Tests on a prototype in-
dicated it was sensitive to tempera-
ture change, but no one knew 
whether this or a faulty internal 
signal was responsible. 
The command problem was 

skirted by using a new command se-
quence, different from the pro-
grammed sequence. 

Detection of Orbiting 
A-Bombs Is Under Study 
SYLVANIA Electronic Systems is 
studying methods to detect or pre-
vent the placing of nuclear weapons 
in orbit and to restrict the flight 
testing of missiles. The study is 
being performed at Sylvania's Elec-
tronic Defense Laboratories in 
Mountain View, Calif., under a 
$354,000 contract from the U. S. 
Arms Control and Disarmament 
Agency. Scheduled for completion 
in 1963, the study will assess veri-
fication techniques for future arms 
control and disarmament needs. 

Reentry Gliders Will 
Check Ion Sheath Effect 
INFORMATION on radar tracking 
under ion-sheath conditions will be 
one object of Project Asset, sched-
uled to get underway this summer 

Board Meets, IEEE Officially in Business 
IEEE'S BOARD of Directors met for the first time last week, bring-
ing that massive body officially to life. The meeting held few sur-
prises, according to Donald G. Fink, general manager. Appoint-
ments previously announced were approved, by-laws already acted 
on by IRE and AIEE boards were accepted and in general all 
the routine business of getting the organization into motion was 
completed. 
The two biggest problems—merging the technical committees 

and eliminating the $260,000 debt anticipated by the end of the 
year—shape up like this, Fink said: 

The board is letting the individual committees of the old 
societies work out their mergers for themselves. This will take 
several months. No one knows the committees' work better than 
the committees themselves, Fink said, and it would be difficult 
for outsiders to decide the makeup of the merged committees. 

Fink said IEEE should be operating in the black by 1965, 
through economies resulting from combining IRE and AIEE 
staffs and functions. These, he said, should compensate for the 
loss of revenues resulting from lower dues. Despite the deficit 
there will be no cut in services, he stressed 
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with the launching of the first of 
six recoverable reentry gliders by 
Air Force from Cape Canaveral. 
The stubby, delta-wing vehicles, 

built by McDonnell Aircraft, will 
provide reentry tests for aerody-
namic theories and structural ap-
proaches for reentry vehicles, as 
well as information on radar track-
ing, guidance, control and instru-
mentation. 
Nose temperature is expected to 

reach 4,000 F. More than 140 meas-
uing devices will collect data on 
each flight. 

Scatter System Hops 

Over Vietnam Jungle 

TROPOSPHERIC scatter system has 
been set up by Air Force in South 
Vietnam and Thailand to give those 
countries and their military ad-
visors a first-rate communications 
net. A scatter system was selected 
to put communications out of reach 
of enemy troops in the jungles, and 
interception, interference or sabo-
tage. Equipment, built by Page 
Communications Engineers, was 
airlifted from the U. S. in 30 trail-
ers. The project was rushed through 
under high-priority. 

Semiconductors Smooth 
Home Washer Controls 

CHICAGO —"Solid-state" automatic 
washer introduced last week at the 
Winter Furniture market is the 
first such appliance for the con-
sumer market, according to Whirl-
pool. It will be test-marketed at 
premium prices this spring. 
An encapsulated black box was 

said to contain silicon-controlled-
rectifier circuits that permit loss-
free but continually variable agita-
tion and spin speeds. Although cost 
has kept semiconductors out of 
mass-produced appliances until now, 
Whirlpool said, their reliability and 
versatility promise dramatic 
changes in appliance designs. 

New Computer Analyzes 
Brainwaves in Real Time 

BOSTON—New family of computers 
emerging from an MIT Lincoln 

Laboratory prototype is expected to 
have extensive applications in life 
sciences, communications theory 
and speech research. 

Line computer designed by Wes-
ley A. Clark features programming 
that can be changed step by step 
during an experiment. One of users 
is AF Cambridge Research Labora-
tories, which has modified the Line 
to permit direct, real-time process-
ing of waveform data from an ani-
mal's brain while experiments are 
in progress. 

Basic Line designed at Lincoln 
Laboratory uses commercial printed 
circuit cards and core memory, clock 
rate of 500 Kc. 

Thermoelectric 
Icebox Competitive by 1970? 

CHICAGO—Home-size thermoelectric 
refrigerators will probably cost no 
more than everyday compressor 
types by 1970, Arthur Schnipper, of 
Borg-Warner's Norge division, told 
the NARDA (National Appliance 
and Radio-Tv Dealers Association) 
convention last Friday. Some 50 
major corporations are spending a 
total of $6 million annually on re-
search to improve efficiency of 
thermocouple materials, he said. 

All-channel uhf tv sets promise to 
obsolete all existing sets by 1970, 
Mort Farr, NARDA board chair-
man, predicted. Farr also predicted 
all tv broadcasting will be in color 
within ten years. B & W will be 
left to portables, with 16-inch pic-
ture tubes or smaller, in a trend to-
ward multiple tv sets in most 
homes. 

NAB Urges FCC Toughen 
Rules for A-M Applicants 

NAB URGED FCC last week to raise 
engineering standards and financial 
qualifications for applicants for a-m 
radio station licenses. Purpose 
would be to curb the growing num-
ber of a-m stations, already at the 
saturation point, according to the 
National Association of Broad-
casters. NAB said it was backing 
this kind of rule because it "could 
not subscribe to any proposal which 
would arbitrarily place a limitation 
on the number of radio stations in 
a given market." 

In Brief . . 

SUCCESS of the Mariner II mission 
has led NASA to modify its pro-
gram of planetary exploration. 
Instead of repeating the Venus 
mission in 1964, NASA will con-
centrate on other projects such 
as the Mars missions now also 
planned for 1964 and later Venus 
missions with advanced Mariner 
spacecraft. 

IN ANOTHER development in news-
paper automation (p 7, Jan. 11), 
the Associated Press has installed 
an IBM computer to transmit 
stock market tables to news-
papers. The tables will be punched 
out on tape at 1,000 words per 
minute. 

BILLION-DOLLAR laser market by 
1970 is predicted by Robert W. 
Jagoe, manager of Sperry Rand's 
Group. Sperry expects to capture 
5 percent of the 1963 market, es-
timated at $15-$20 million. 

NEW LASER developed by Raytheon 
delivers 55 to 350 joules of energy 
with one-degree beam spread. It 
is seven times more powerful 
than the ruby laser used by a 
Raytheon-MIT team to bounce 
laser light off the moon last year. 
Price is $45,000. 

SINGER MANUFACTURING has agreed 
to buy Sensitive Research Instru-
ment Corp., which it will transfer 
from New Rochelle, N. Y., to its 
Bridgeport, Conn., plant. 

ARGEEMENT for the nonexclusive 
exchange of licenses under speci-
fied patents for data processing 
devices has been reached by Tele-
register and IBM, the companies 
have jointly announced. 

OAK MANUFACTURING has acquired 
Marco Industries. Oak Electron-
ics, an Oak Mfg. subsidiary, has 
been dissolved. It will operate as 
a Marco division in Marco's plant 
at Anaheim, Calif. 

HUGHES AIRCRAFT, GE and Litton 
are competing for a multimillion-
dollar contract to provide Japan 
with an air defense early warn-
ing system, according to a report 
from Tokyo. 
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New from Sprague! 

iVetli 
CAST MICA 

CAPACITORS 

FEATURE: 

I Operation to 125C 

Ir Reduced Sizes 

I Lighter Weight 

I Greater Ruggedness 

I Cooler Operation 

For application engineering assistance without 
obligation, write to Mica Capacitor Section, 
Field Engineering Dept. For complete technical 
data write for Engineering Bulletins 7230 and 
1240 to Technical Literature Service, Sprague 
Electric Company, 35 Marshall Street, North 
Adams, Massachusetts. 

First Maior Change in 

n Over 25 Years. 

• SOMETHING NEW and important has happened to trans-
mitter-type mica capacitors! In place of the old-fashioned, 
bulky assemblies you've had to use in the past, Sprague 
now offers modern, miniaturized Cast Mica Capacitors-

30% smaller in size, 30 to 40% lighter in weight, available in new 
shapes and mountings for liberal new design possibilities. 

• Encapsulated in high-temperature epoxy resin by a patented 
process, Sprague Cast Mica Capacitors will operate at temperatures 
to 125 C without derating—greatly in excess of the 70 C or 85 C 
limits of conventional capacitors. This exclusive construction also 
provides superior thermal conductivity—far better than with 
porcelain—enabling these capacitors to carry higher r-f currents. 

• Unlike older units with fragile insulating housings, Sprague 
Cast Mica Capacitors are rugged. Their tough epoxy resin encap-
sulation, with improved hermetic seals, eliminates use of potting 
waxes which tend to melt and cause damage to electron tubes 
and other components. 

• Sprague Cast Mica Capacitors, designed not only to meet 
but exceed MIL Specifications, are made in both the familiar 
cylindrical as well as a new rectangular shape, with female threaded 
terminals on opposite ends. Although smaller in size than con-
ventional capacitors, Cast Micas can be procured—for inter-
changeability—with one or two aluminum plates having the same 
center-to-center mounting holes as standard types. Where space is 
critical, they may also be mounted or stacked without plates by 
means of dual-ended headless screws. 

SPRAGUE COMPONENTS 
CAPACITORS 

TRANSISTORS 

MAGNETIC COMPONENTS 

RESISTORS 

MICROCIRCUITS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

ELECTRIC WAVE FILTERS 

SPRAGUE® 
THE MARK OF RELIABILITY 

January 18, 1963 

'Sprague' and e are registered trademarks of the Sprague Electric Co. 
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Single Place Gyrocopter by Bensen Aircraft Corp. 

SoUthside Virginia's within overnight range of 
New York, Cleveland, Cincinnati, and within a few 
hours of the world port of Hampton Roads. Yet 
it offers many advantages of an industrial frontier. 
You can locate your plant riverside, forest side, 
or in a charming old community. And you'll find 
changing agriculture is freeing a fresh, stable, 
highly trainable working fcece. 
One man in five, and four women in five, are 

now available to staff new industries. Ask VEPCO 

From industry's viewpoint, 

there's room to grow, plus 

people to grow with, in 

Southside Virginia. 

for facts on their proven high per-dollar produc-
tivity. Ask, too, for available plant-site data, and 
economic studies on the hospitable communities 
in this land of pleasant living. Write, wire or phone 
in confidence, without cost or obligation. 

VIRGINIA ELECTRIC and POWER COMPANY 
J. Randolph Perrow, Manager—Area Development 
Electric Building, Richmond 9, Virginia • Milton 91411 
Serving the Top.of-the-South with 2,540,000 kilowatts—due to 
reach 3,500.000 kilowatts by 1965. 

«J,,-,. 
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What's your present job in electronics? 
What will you be working on tomor-
row? Do you know the latest electronic 
developments outside your particular 
specialty that may affect your work? 

Below is a sampling of topics within 
the 3,000 plus editorial pages produced 
per year by electronics' 28-man edito-
rial staff. No matter where you work 
today, or in which job function (s), 
electronics will keep you fully in-
formed as an electronic engineer. Sub-
scribe today via the Reader Service 
Card in this issue. Only 71/2 cents a copy 
at the 3 year rate. 

Air Traffic 
Control Amplifiers 

Computers Crystals 

Generators Infrared 

Military 
Electronics 

e 
Techniques 

Microwaves 

Radar 

Thin Films Transducers 

electronics 
IS EDITED TO KEEP YOU FULLY INFORMED 

ON ALL PHASES OF ELECTRONICS 

Antennas 

Data 
Processing 

Biophysics Capacitors 

Detectors Diodes & 
Diode Circuits 

Instruments Lasers & Masers Magnetics 

Modulators 

Satellites 

Networks Oscillators 

Semicoidictors 

Transistors Tubes 

Space ° 
Electronics 

Communications 

Filters 

Memories 

Plasma & Ion 
En ineerin 

Swit 
Switching Circuits 
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WASHINGTON OUTLOOK 

HI-FI STANDARD 

TOO LOW, PHONO 

FIRMS COMPLAIN 

SELF-REPAIR 

SATELLITES? 

AIR FORCE 

SEEKS NEW 

SKYBOLT USE 

SENATORS PROBE 

TFX * CONTRACT 

HOW 'HIGH' IS HI-FI? In the face of sharp dissent from makers 
of phonograph components, Electronic Industries Association ventures 
this answer, for packaged phonographs: the amplifier's music power 
output must be 5 watts, as defined by EIA's '"Power Output Ratings of 
Packaged Audio Equipment for Home Use," and the system must have 
a minimum acoustical output of 77 db at 100 cps. 80 db at 1 Kc, and 74 
db a 8 Kc. Since no two producers seem to agree on what high fidelity 
is, EIA offered this rating reluctantly. 
The Federal Trade Commission is eager to curb indiscriminate use 

of "high fidelity" in advertising, and asked EIA a year ago to work 
up an industry consensus of standards. If adopted by FTC, EIA's rat-
ings would prohibit calling some of the cheaper packaged sets "high 
fidelity." Most component producers think the standards are far too 
low and are fighting what would amount to a government stamp of 
approval on packaged equipment they don't think is entitled to be 
called hi-fi. 

SOME SPACE OFFICIALS are now predicting that future satel-
lites may well be designed to make repairs in space easier. Why? Be-
cause of the way that laboratory "repair shops" got the Relay and 
Telstar communications satellites working again this month. 
Working with duplicate equipment, Bell Telephone Labs figured out 

how to trick Telstar into working again (ELECTRONICS, p 30, Jan. 11). 
Relay ran into a power drain problem that was overcome (p 7, Jan. 11). 
RCA engineers made laboratory tests that pointed to Relay's trouble 

as failure of a transponder's voltage regulator to turn off completely. 
Because dual electronic equipment is carried in Relay, the trouble area 
could be bypassed. 

AIR FORCE has reportedlyl asked Defense Secretary McNamara to 
continue some development work on Skybolt's stellar-inertial guidance 
for possible application to future systems. Air Force also proposes a 
modified Skybolt vehicle for potential use as an antisatellite system 
or as an airborne space booster rocket. 
The Air Force spent $330.1 million on Skybolt R&D and $23.1 Million 

to begin production. It had committed at least $72.7 million more and 
was set to put out $232 million in new orders this year. Cancellation 
of Skybolt means to Northrop, the guidance contractor, a cut of 15 
percent of-its backlog, at least. 

MAJOR SQUABBLE IS BREWING over the TFX fighter plane 
award to General Dynamics and Grumman after competition with 
Boeing. Sen. John L. McClellan's Senate Investigations Subcommittee 
has inquired into charges that GD and Grumman got the award on the 
basis of "political pressures rather than merit and cost." Shortly, the 
committee will vote on whether to pursue the investigation, or drop it. 
Sen. Henry Jackson, a Democrat from Boeing's home state of Washing-
ton, instigated the inquiry. He told ELECTRONICS he is not making the 
charges, but believes they should be investigated. 
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Á PRINCETON APPLIED RESEARCH CORP., Box 565, Princeton, N. J., 799-1222, code 609 

\ R  

• automatic ranging 

• automatic polarity 

• 10 meg input impedance 
• >100 db common mode rejection 

• truly floating differential input 

• 0.1% absolute accuracy 

• 1 millivolt sensitivity 

• solid state / reed relay design 

• rugged printed circuit 
construction 

• no stepping switches 

.• price: $995.00 

• measures only 61/2" wide, 5" high, 
8" deep. Weighs 9 lbs. 
Model CS-3.1 

Write for Bulletin No. 107 

world's smallest digital voltmeter with all of these features 

INPUT 

DIGITAL VOLTMETER MODEL CS-3J 

\J RIINCETON A PI P LIE "o 

p E SEAR CH 

PRINCETON. N .1. 
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SPECIFICATIONS: 

... IT -GLOWS when 
the FUSE BLOWS! 

NEW INDICATING 
3AG FUSE POSTS 

EXAMINE THESE FEATURES 
New patented knob design 
to assure high degree of 
illumination for instant 
blown fuse indication. 
Positive finger grip for knob 
extraction. 
Quick service bayonet lock. 
Constant tension beryllium 
copper coil & leaf spring for 
positive contact & lower 
millivolt drop. 
Optional—at extra cost— 
neoprene"0" ring to assure 
splash-proof feature. 
New high degree vacuum 
neon lamp for greater bril-
liance & visibility. 
Impact black phenolic 
ferial in accordance with 
MIL-M-14E type CFG. 
One piece brass hot tin 
dipped non-turning bottom 
terminal. 
Double flats on body to per-
mit mounting versatility. 

PARTI VOLTAGE RANGE 

344006   344012   21/2 - 7 volts 
7 - 16 volts 

344024   16 - 32 volts 
344125   90 -125 volts 
344250   200 -250 volts 

Maximum current rating 20 amps. 

PHYSICAL CHARACTERISTICS—Overall length 2%u with fuse in-
serted • Front of panel length '%O" • Back of panel length 1946' 
• Panel area front 1M6" dia. • Panel area back 1%6" dia. • Mounting 
hole size (D hole) %" dia, flat at one side. 
TERMINAL—Side—one piece, .025 brass—electro-tin plated • Bot-
tom—one piece, lead free brass, hot tin dipped. 
KNOB—High temperature styrene (amber with incandescent bulbs 
—21/2 thru 32 volts—and clear with high degree vacuum neon 
bulbs-90 thru 250 volts) • Extractor Method—Bayonet, spring 
grip in cap. 
HARDWARE—Hexagon nut—steel, zinc cronak or zinc indite 
finish • Interlock lock washer—steel, cadmium plated • Oil re-
sistant rubber washer. 
MILITARY SPECIFICATIONS—MIL-M-14E type CFG. Fungus treat-
ment available upon request per Jan-T-152 & Jan-C-173. 
TORQUE—Unit will withstand 15 inch lbs. mounting torque. 

LITTELFUSE 

solves them for you with specially processed 

NYLON and DACRON 
Cords and Flat Braided Tapes 

• Greater stability 
under high heat! 

• Tie faster.. .easier... 
tighter! 

• Fungus-proof! 

• Knots won't slip! 
• Wax-coated, wax-free 

or G. E. Finish! 
• Meet Govt. Spec. 

MIL-T-713B 

For ultra-high temperature work use 
TEFLON-COATED 
FIBERGLAS TAPES 

withstand temperatures 
up to 600°...in 1/4" and V8" widths 

WRITE FOR FREE SAMPLES 

THE HEMINWAY & BARTLETT MFG. CO. 
Electronics Division: 600 Fifth Avenue, New York 36, N.Y. 
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First 
of its kind 
microwave 
catalog 

Over 600 TRI-PLATE® 
strip transmission 

line modules described 
Complete details — including frequency ranges, dimensional 
diagrams, electrical characteristics and prices — about the 
more than 600 TRI-PLATE Modules are covered in this new 32-
page catalog. Included are ferrite circulators, hybrid rings, di-
rectional couplers, delay lines, impedance transformers and 

many other components used in microwave circuitry. In addition, 
the catalog lists over 150 mounts for advanced semiconductors. 
With these modular components you can breadboard and test 
circuit ideas quickly and easily .... go from paper schematics 
to functioning circuits in minutes. 

®Registered Trademark, Sanders Associates, Inc. 

CREATING NEW DIRECTIONS IN ELECTRONICS 

Send rtinrdoewrsavAessporcoidautecsts D Associates,  Products E-I 

coupon for Please send copy of new Bulletin TC-1113. 

Nashua. New Hampshire 

FREE 
Name Title  

Company  

Street  

DES PLAINES, ILLINOIS 
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TEKTRONIX OSCILLOSCOPES FOR RACK OR CONSOLE 

You can choose from 15 
Tektronix Rack-Mount Oscilloscopes 
anging from highly-specialized models 

to simple low-cost instruments. 

2 
Rack-Mounts accept plug-in 
units in both channels: 

Type RM561A. at $525 ac-
cepts 8 number-series plug-
ins, adapts easily to difieren-
tial, multi-trace, wide-band, 
and sampling applications. 
Type RM567 . . . at $800 ac-
cepts 2 sampling units and 
special digital unit for analog 
displays plus digital readout. 

Rack-Mounts accept plug-in 
units in the vertical channel*: 

Type RM30-Series.. . at $1095 
(more with added sweep mag-
nification or sweep delay) ac-
cepts 17 letter-series plug-
ins for dc-to-15 Mc applica-
tions. Type RM40-Series 
at $1325 (more with added 
sweep magnification or 
sweep delay) accepts 17 let-
ter-series plug-ins for dc-to-
30 Mc applications. Type RM-
565 ... at $15COaccepts 6 num-
ber series plug-ins in either 
of 2 compartments for single-
sweep or delayed sweep op-
eration in dual-beam applica-
tions. 

Rack-Mounts do not accept 
plug-in units: 

Type RM503. • . at $655 has 1 
my/cm sensitivity, 5 degrees 
of sweep magnification, dc-
to-450 kc passband. Type 
RM504 ... at $550 has 5 mv/ 
cm sensitivity, no sweep mag-
nification, dc-to-450 kc pass-
band. Type RM17... at $950 
fits dc-to-10 Mc applications, 
has 3-inch crt, 9-kv acceler-
ating potential. Type RM15. 
at $950 fits dc-to-15 Mc appli-
cations, has 5-inch crt, 4-kv 
accelerating potential. 

U. S. Sales Prices f.o.b. Beaverton, Oregon 
Oscilloscope prices without plug-in units. 

Environmentalized Type RM-
945 . .. accepts 2 militarized 
plug-ins—for dc-to-30 Mc ap-
plications, dc-to-24 Mc dual-
trace applications (meets 
MIL-T-945A environmental 
specifications)—and also ac-
cepts the 17 letter-series 
plug-ins for applications in 
normal environments. 

For assistance in selecting 
the best Oscilloscope for 
your needs, talk to your Tek-
tronix Field Engineer. He can 
help you decide upon the 
right instrument for your rack 
or console applications. 

P. 0. BOX 500 • BE.4VERTON, OREGON / Mitchell 4-0161 • TWX-503-291-6805 Cable: TEKTRONIX. 
Tektronix, Inc. /OVERSEAS DISTRIBUTORS IN 27 COUNTRIES AND HONOLULU, HAWAII. 
Tektronix Field Offices are located in principal cities throughout the United States. Please consult your Telephone Directory, 

Tektronix Canada Ltd: Montreal, Quebec • Toronto (Willovvdale) Ontario • Tektronix International A. G., Terrassenweg 1A, Zug, Switzerland. 
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NEW LOW CATALOG RATES ALLOW SUFFICIENT SPACE FOR YOU TO PRO-

VIDE COMPLETE BUYING INFORMATION ON YOUR ENTIRE PRODUCT LINE 

Take complete advantage of marketing's 

MAGIC COMBINATION 

electronics every Friday —to create 

preference for your products... 

lectronics 
oyER.s• 
ODE 

For 22 years this combination has worked magic for thousands 
of sales-minded   companies. It will work for you in 1963 more 
effectively and economically than ever before. Your electronics representative has full 
information on how this can be accomplished. Look at these new eBG catalog rates: 

The 1963 BUYERS' GUIDE to make product 

iver 
Now! 

preference pay off in buying action 

CATALOG ADVERTISING RATES PER PAGE: 

Without. "EARLY BIRD" Discounts \ 

Space Used Rates Space Used Rates 

1 page  $900 '12-15 pages $545 per page 
2-3 pages  740 per page 16-19 pages  495 per page 
4-5 pages  670 per page 20-23 pages  465 per page 
6-7 pages  630 per page 24 or more  440 per page 

8-11 pages  590 per page 

FOR THE SAME PRICE AS 1962, FROM 33% TO 60% MORE SPACE! 

Rates with "EARLY BIRD" Discounts 

1 page  $837.00 12-15 pages $506.85 
2-3 pages  688.20 16-19 pages  460.15 
4-5 pages • 623.10 20-23 pages  433.45 - 
6-7 pages  585.90 24 or more  409.20 

8-11 pages  548.70 

"EARLY BIRD" Closing Dates (For Discount's) 

Reservations for space Feb. 15th /Copy to set April 16th / Complete plates April 25th 

16 

For Complete Information, Contact Local Sales Offices Listed on the Last Page of This Issue 
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• Operation to 150°C Ambient 

• 300 Nanosecond Turn-on Time 

• High Gate Sensitivity 

NEW SILICON PLANAR 
CONTROLLED SWITCHES 
Transitron announces a new series of low current 
silicon planar controlled switches in the TO-18 package 
with specifications and ratings exceeding anything now 
available. The stepped-up performance of these pre-
mium devices makes possible many new applications 
for controlled switches, especially where temperature 
and switching speeds are critical. 

Now in full production, this series, 2N2679-2N2682, 
features 150°C ambient temperature operation with no 
voltage derating; 300 nanoseconds total turn-on time; 
extremely high gate sensitivity; plus the added feature 
of having all key parameters specified @ —65°C and 
150°C wherever applicable. 

Furthermore, the planar construction features ex-
tremely low leakage — 100 nanoamperes @ 25°C, 100 
microamperes @ 150°C — thereby offering increased 
reliability. These new switches also offer increased cur-
rent-carrying ability of 350 mA @ 55°C ambieot and 
75 mA @ 130°C ambient. 

For further information, write for Transitron's "planar 
switch" bulletins. 

MEET US AT THE 
PARIS COMPONENTS 
EXHIBITION, 
FEB. 8-12, STAND 159 

2N2682 —200 Volt Type , 

Specification Symbol Min. Max. Units 

Forward Breakover Voltage ® 150°C, VB0 200 — volts 

Reverse Voltage «,.,. 150°C VR 200 — volts 

Forward and Reverse Currents eu 25°C, 
0, Rated Voltage ® 150°C' 

Is, IR 
— 

— 

0.1 

100 

pA 
µA 

Gate Current to Fire ® 25°C 
0 —65°C 

1 0, 
— 

20 
100 

pA 
µA 

Gate Voltage to Fire 0 25°C 
® —65°C 
® 150°C 

VG, 

— 
— 

0.2 

0.7 
0.9 
— 

volt 
volt 
volt 

Holding Current ® 25°C, 
0 —65°C, I . 

— 
— 

0.5 
2.0 

mA 
mA 

Forward Voltage 0 200mA ® 25°C V, — 1.25 volts 

Turn-On Time 0 25°C td + tr — 300 , nanosecs 

1 30, 60, and 100 volt types are also available as the 2N2679, 2N2680 and 2N2681 respectively. 

2 With 10K ohm bias resistance between gate and cathode. 

3 For maximum limit of 300 nanoseconds, add suffix /A to type designation. For example 2N2682/A. 

Tra n5itron 
electronic corporation 
wakefield, melrose, boston, mass. 

SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE • CABLE ADDRESS: TRELCO 
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What Can Be Done About Those 

FCC says it could 
restrict compression 
of sound signals 

REQUIRING BROADCASTERS 
to transmit the full dynamic 
range of sound signals now ap-
pears to be the best method of 
eliminating objectionably loud ra-
dio and tv commercials (p 12, Dec. 
28, 1962), according to the Federal 
Communications Commission. 
Such a rule, an FCC spokesman 

said, would put the clamps on voice 
compression and volume limiting, 
the techniques the FCC suspects 

are most commonly used for rais-
ing the average power of commer-
cials. These methods necessarily 
result in restricted dynamic ranges. 

McIvor L. Parker, FCC engineer, 
emphasized, however, that there is 
nothing final yet in FCC's thinking. 
The matter will be open for com-
ment from interested parties for 
the next several weeks. 

RANGE CONTROL—In essence, 
Parker said, control over dynamic 
range would require broadcasters 
to transmit accurate reproductions 
of sound levels as actually heard in 
the studio. Tolerances have not yet 

been decided, but would be close. 
As for tapes and recordings, 

manufacturers would be required to 
furnish the amount of compression 
used. If this exceeded acceptable 
limits, stations would have to pass 
the signal through equalizing cir-
cuits before transmitting it. 

Stations would be spot-checked to 
see that they were complying with 
the rule. Violators would be subject 
to fines or loss of licenses. 
A dynamic range rule would not 

be the complete answer to commer-
cials that wake the baby in the next 
room, FCC admits, but it would go 
a long way. Other factors relating 

Nuclear Gyro — It Really Works 

Research model for 
Air Force uses 
optical pumping 

ACTUAL OPERATION of a nu-
clear gyro has been achieved by 
General Precision, it was revealed 
last week by R. W. Lee, president of 
GPL division. He called it a "break-
through" in the field of aircraft, 
missile and space vehicle guidance 
research. 

Lee confirmed that the research 
model uses optical pumping (for de-
tailed reports on nuclear gyro op-
erating principles, see ELECTRON-
ICS, p 20, Feb. 16, 1962, and p 48, 
Dec. 28, 1962). GPL uses the pump-
ing techniques to align mercury iso-
topes. 
The model is being used to obtain 

data for final design of an experi-
mental model to be delivered to Air 
Force. GPL has been studying the 
nuclear gyro since 1957. Present 
work is being done by J. H. Simp-
son, I. A. Greenwood, J. T. Fraser 

and Donald Sherboff, working with 
Air Force Aeronautical Systems Di-
vision scientists. 

Lee said that size, weight and 
power requirements for a fully de-
veloped gyro are expected to be com-
petitive with conventional gyros. 
Nuclear gyros will be frictionless, 
have indefinite life, will require lit-
tle or no warmup time and will ap-
parently be cheaper to produce than 
conventional gyros, Lee added. 

Initial applications are expected 
on spacecraft. They may also be 
used on missiles, ships and aircraft. 

ABSORBTION CELL containing 
mercury isotope is sealed 

18 

TEST BENCH research model is adjusted. GPL plans to refine this gyro 
into one Air Force can experiment with 
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LOUD COMMERCIALS? 

to sound now appear to be com-
pletely subjective, unmeasureable 
by present-day instruments. 
One purpose of the inquiry is to 

determine if measuring equipment 
can be developed. If not, the com-
mission's "in the public interest" 
rule will be applied more closely to 
stations whose commercials incite 
numerous listener complaints. Sta-
tions failing this test could lose 
their licenses. 

POLITICAL PUSH—FCC's ap-
parent determination to do some-
thing about annoyingly loud com-
mercials stems from pressure by 
Sen. Clifford P. Case (R-N. J.) and 
other congressmen, who in turn are 
pressured by their constituents. 
Newton N. Minow, commission 
chairman, recently wrote Case: 

"I would like very much to have 
a Rule of the FCC which limits the 
volume of commercials to the vol-
ume of adjacent program material." 

GEORGE DID IT— Meanwhile 
network and tape studio officials 
were keeping mum. "No comment" 
or exclamations of innocence an-
swered reporters' questions. 
Though some network officials did 
admit that commercials sometimes 
are louder than the preceding pro-
gram material, they denied that this 
is deliberate. 

If there are any deliberate dis-
crepancies in sound levels, they 
must be the fault of the tape mak-
ers, network officials said. 

Officials of the two studios that 
turn out a lion's share of taped com-
mercials for tv—MGM Telestudios 
and Videotape Center—had a 
slightly different view. If there are 
any deliberate discrepancies, it's 
not our fault, they said, it must lue 
the networks'. 
No one had an answer to listen-

ers' complaints, except to say they 
are subjective. According to many 
experts, there may be truth in this 
—especially as concerns hard-sell 
rapid-talking announcers reading 
commercials in a strained voice. 
Then there is the effect of repeti-
tion of commercials on listeners' 
nerves and an ever more basic fact 

(A) 

____ I  

— I 

ASSIGNED CENTER FRE0 
PROGRAM 
MATERIAL PEAKS 

I''---- Z.IVI;Ú Pg9a1) LIMIT SET BY 
FCC 

AVERAGE 
MODULATION LEVELS 

I I 
DIFFERENCE 
IN LEVELS 

AUDIO SIGNAL as it might look 
during natural transmission (A) 
and after it has been doctored by 
a volume-raising technique like voice 
compression (B) 

of life: most people dislike commer-
cials anyhow. 

MOOT POINTS—But is it all 
subjective or unintentional? FCC, 
which monitors the modulation per-
centages of broadcast transmitters 
across the nation, has noticed that 
average modulation often goes up 
when a commercial comes on the 
air. Under present rules there is 
nothing illegal about this so long as 
a broadcaster stays within limits, 
85 to 100 percent modulation on 
peaks of frequent recurrence. 

H. H. Scott, Inc., surveyed sound 
levels on Channels 4, 5 and 7 in Bos-
ton from August 15 through Sep-
tember 12 last year. Commercials 
on 65 percent of the 40 programs 
monitored were louder than the fea-
ture portion. On 20 percent of the 
shows, commercials were the same 
level as program material, and on 
only 15 percent were they softer. 
The increases in loudness were usu-
ally significant, as much as 78 per-
cent (or about 5 db) for two shows. 
The Scott study raised questions 

not yet answered by networks offi-
cials or companies that produce 
commercials. If the increase in 
loudness of commercials is largely 
subjective, why did the decibels 
rise? If the discrepancy in sound 
levels is unintentional, why weren't 
there as many soft commercials as 
loud ones? Lady Luck, like love, 
may be blind but is she deaf, too? 

"Nothing is impossible to diligence and skill" 
Samuel Johnson 

ITT 

These are the trademarks 

of some of our customers— 

each an important contrib-

utor to a dramatically 

growing industry. We at 

Potter pledge our diligence 

and skills to this growth 

through a constantly 

expanding program of 

research and development. 

Fe CD 'VT" E 

PTR/PTS-500 
Perforated 

Tape Reader 
and Spooler 
Combines... 

simplified design with increased ver-
satility and reliability to offer the user 
a high-performance system at low cost. 

The Model PTR-500 features the new 
MONOBRAKV" —a unique tape stop-
ping device that eliminates tape 
bounce and buckling at the read sta-
tion. Photoelectric sensing provides 
bi-directional read capabilities at 
standard tape speeds of 25 and 50 
IPS. In addition, an optional gating 
and detector circuit provides end-of-
tape sensing from a predetermined 
character in the tape. 

Complete information on the PTR-500 
Perforated Tape Reader and the 
PTS-500 Perforated Tape Spooler is 
available on request. Simply write... 

Manufacturers of: 
• Digital Magnetic Tape Systems 
• Perforated Tape Readers 
• High Speed Printers 
• Data Storage Systems 

F.crrrEr InisTFLLInnanrr CO., INC. 
Sunnyside Boulevard • Plainview, New York 
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Cubic announces first low-cost militarized 
digital voltmeter Cubic Corporation has designed and is producing the first 

low-cost digital voltmeter based on military specifications. This new Model V-72 is now in con-

tinuous production and is available for all applications requiring a militarized instrument. It fea-

tures all-solid-state plug-in circuitry. The virtually lifetime reed relays used for bridge switching 

are good for more than 200 million operations. The package is compact, rugged and lightweight, 

weighing only 22.5 lbs. A special snap-out replacement readout insures minimum down-time, should 

maintenance be required. The V-72 sells for approximately $3,400 and quotations on special con-

figurations are available upon request. For additional information, write to Department B-102. 

SPECIFICATIONS 

Absolute Accuracy .01% of reading, -±1 digit 

Sensitivity 1 mv 

Reference Stability .005% for 1 month; 
.01%, 1 year 

Bridge Linearity .003% 

Temperature Range 
Non-operational: —50°C to +72°C 
Operational: 0°C to +55°C 

Input Specs (Floating) 
Z = 10 megs at balance 

CMR AC 80 db @ 400 
100 db @ 60 cps 

DC 120 db 

Range & Polarity 0.001 VDC to 999.9 VDC, 
completely automatic 

Average Balance Time 400 msec; worst Case, 
800 msec 

Calibration Cycle 6 months 

Input Power 115 VAC 400 cps 

Dimensions 16" wide, 5.25" high, 9.75" deep 
Weight — 22.5 pounds 

Special Configurations Quoted upon request 

STANDARDS 
MIL-STD-16B Electrical and Elec-

tronic Reference 
Designations 

MIL-STD-167 Mechanical Vibra-, 
tions 

MIL-STD-202B Test Methods 

CUBIC 
CORPORATION 
SAN DIEGO 23. CALIFORNIA 

OTHER OFFICES: LOS ANGELES, CALIFORNIA— ROME (CUBIC EUROPA S.p.A.) REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIAN CITIES 
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High resolution photos are just part of the recon-
naissance job. Photos must also be tied-in precisely 
to geography and numerous other critical conditions 
that surround surveillance from high-performance 
aircraft. Through this match, the whole recon story 
begins to take shape. To handle the important job of 
high-speed data annotation in flight, Fairchild Stratos 
has developed compact, light-weight computation 
and display devices which provide permanent data 

When there's a need to know: Fairchild Stratos-Electronic 
Systems Division capabilities are best reflected in an inte-
grated approach to data requirements. Extensive experience 
in acquisition, processing, transmission and display has given 
FS-ESD engineers a particularly sensitive awareness of both 
final information needs and the many subsystems required to 
answer them. • For knowledgeable engineers interested in 
career opportunities in advanced data techniques, may we 

records on each image in easily read alpha-numeric 
format. When coupled to Fairchild Stratos data link, 
the "whole" recon story can be remotely viewed in 
"real time". High speed annotation techniques are 
but one outgrowth of the years of experience that 
have made Fairchild Stratos the leading supplier of 
equipment for reconnaissance and surveillance 
needs. For more information, contact our Director 
of Customer Relations. 

suggest a note to our Director of Industrial Relations for the 
brochure "Grow Your Own Future". FS-ESD, an equal oppor-
tunity employer. 

• FAIRCHILD STRATCPS 

ELECTRONIC SYSTEMS DIVISION 

WYANDANCH, LONG ISLAND, NEW YORK 
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THE NEW MM-WAVE GENERATOR LADDERTRON® 
FROM OKI ELECTRIC 

• HIGH POWER • LONG LIFE a STABILITY 

Oki Electric announces .a 

new development in high 
power mm-wave research, 

the Oki Laddertron. The Lad-

dertron, a single-cavity multi-

gap floating drift klystron, adds 

another series of mm-wave tubes 

to the Oki Electric reflex tubes 

which are currently available within the 25 Gc to 100 

Gc rangé. The Laddertron has been developed to 

Butler Roberts Assocs., Inc. 
A Subsidiary of 
OKI Electronics of America 
202E, 44 St. NY. MU-2-2987 
4471 NW 36 St. Miami.Springs, Fla. T 4-7351 

For further 

meet the needs of modern 

electronics for more relia-

bility in mm-wave sources. 

It has a frequency range of 

33.2-34.8 Gc and maximum 

power output of seven watts. 

Resonator voltage is 1850 volts 

and resonator current is 110 mA. 

information concerning the new Ladder-

tron, write on your letterhead to: 

OIKI 
electric industry 
co.. ltd. TOPO JAPAN 

10 Shiba•Kotohira•cho, Minato-ku, 
Tokyo, Japan 

Cable Address: "OKIDENKI" Tokyo 
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If you are designing for severe-en-
vironment service and need polyphase 
or multiple-circuit protection, these 
new subminiature two- and three-pole 
SM 'breakers can probably help you 
out. 

Built to take rough going, they are 
designed to meet stringent specs for 
operation under conditions of shock, 
vibration, high humidity, sand and 
dust atmosphere, and salt-sea atmos-
phere. In addition, they will comply 
, with requirements for explosion-proof-
ing, fungus resistance, and high-alti-
tude operation. 

That's not all. The breakers are also 
temperature-stable (thanks to hydrau-
lic-magnetic actuation). You don't 
have to derate them for high-ambient 
service. They will maintain nominal 
load capacity and calibrated trip points 

Now available 
in multi-pole models: 

Heinemann's 
rugged, Mil-type 

SIYI circuit breaker 
HEINEMANN ELECTRIC COMPANY ee. 2600 BRUNSWICK PIKE, TRENTON 2, N. J. 

at any temperature from —40° to 
100°C. 
And, nicely enough, you don't have 

to pay a weight or space penalty to 
get these capabilities. The two-pole 
SM weighs only 31/4 ounces, and meas-
ures just 1.5 x 1.25 x 1.9 inches (ex-
cluding handle). The three-pole model 
weighs 41/2 ounces, measures 1.5 x 1.9 
x 1.9 inches. 
You can have both models in any 

integral or fractional current rating 
you need, from 0.050 to 20 amps, with 
either a "fast" or "slow" inverse time 
delay, or instantaneous trip. Both can 
be furnished in voltage ratings of 
230V AC (max.), 60 or 400 cycles, or 
50V DC (max.). 
Our Bulletins 3502 and 3503 will 

give you complete technical informa-
tion. A word from you will put them 
in the mail. 
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PLANO-CONVEX polystyrene lens 
system is used in millimeter dem-
onstration setup by TRG 

OSCILLATOR in Sperry's new line 
is shown by W. R. Day. Its range 
is 80 to 110 Ge 

KLYSTRONS weighing 93 grams 
for use at 35 Ge are held by S. Aoi 
and K. Fujisawa, Oki Electric 

Looking for Something to Do? 

Try Developing MM Components 

Major plea at conference 

last week was for a 

stem) in hardware work 

By LAURENCE D. SHERGALIS 
Associate Editor 

ORLANDO, FLA.—Mi 1 im eter 
wavelengths are still very much a 
frontier—an exciting one, one with 
great potential, but not one that 
very many companies or very many 
scientists are willing to go for broke 
in right now. 

Technical quality of the 70 papers 
presented at the IRE's Millimeter 
and Submillimeter Conference here 
last week was unusually high. Total 
registration reached about 400. 
Somewhat over 50 percent of the 

attendees are working directly in 
mm waves. 

Today, most of the work is in 
physical research in plasmas and 
materials—the groundbreaking 
stage. There is little long-range 
work on such systems as, for ex-
ample, Republic's 50-Gc communica-
tions system. Nor has enough work 
been done on components and power 
sources, although a variety of hard-
ware was introduced at the confer-
ence. 
Much fresh ground has been cov-

ered recently (ELECTRONICS, p 37, 
Oct. 12, 1962, and p 33, Jan. 11, 
1963), but numerous problems re-
main unsolved. 
A statement by J. J. Gallagher, 

of Martin Co., was typical. He 
doesn't think that engineers spend 

SHORT 
'PLUNGER 

POLE PIECE 

OUTPUT 

LADDER 

ANODE 

WEHNELT 
ELECTRODE 

CATHODE 

LADDERTRON construction is diagramed at right. Electron gun and 
cavity assembly is seen in the photo 

enough time developing mm compo-
nents. Martin's efforts are aimed at 
using mm waves as a research tool, 
but very few good components are 
available for this work. 

It was evident at the conference 
that most company and government 
funding is for use of mm waves as 
research tools. Some companies 
were at the conference merely to 
keep abreast of the competition. 
Most of the papers were slanted to 
high-level research. 

PROBLEMS AND PROSPECTS— 
Biggest problem in mm waves is 
still power generation and next 
comes detectors, according to Paul 
Coleman, director of the University 
of Illinois ultramicrowave group. 
He says most effort is going into 

improving the performance of tube-
type devices. Recent developments 
include electron gun structures with 
higher convergence ratios and cur-
rent densities, and better fabrica-
tion techniques. 

Coleman doesn't expect any new 
ideas in the next year or so. Prog-
ress, he says, will be mainly tech-
nological—new techniques applied 
to existing ideas. Coleman gave the 
conference's opening address on the 
state of the art. 

Engineers, he said, have been try-
ing nonlinear devices to produce r-f 
at frequencies above 300 Ge by har-
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VARIABLE directional coupler 
from Amperex for 2-mm service 
has a 3 to 40-db coupling range 

monk generation. Several problems 
doom them to failure: Q of these 
devices approaches 1 at about 150 
Ge and the nonlinearity is lost; im-
pedance matching, attenuation, fab-
rication and tolerances are difficult 
problems; heat dissipation and 
breakdown prevent operation at 
reasonable power levels. 

QUANTUM DEVICES—Many re-
searchers are confident that quan-
tum electronics will sooner or later 
answer the generation problem. 

Optical mixing of laser outputs, 
while interesting, doesn't convert 
efficiently. Much hard work needs 
to be done on this. 

Tunnel diode oscillators are ruled 
out at frequencies above about 300 
Ge. The limiting factor is the mi-
crowave structure in which the di-
ode must be mounted. 
One of the most exciting devices 

is the p-n junction laser (ELEC-
TPONICS, p 24, Nov. 16; p 14, Nov. 
23, and p 7, Dec. 7, 1962). Coleman 
told ELECTRONICS he thinks the 
junction laser gives the most prom-
ise for a breakthrough in power 
generation. 
Makers of these devices, mostly 

for laboratory use, include Hoff-
man, Lincoln Lab, GE, IBM and 
Texas Instruments. It is many or-
ders of magnitude better than the 
ruby laser, much more efficient, 
much cheaper to make, and doesn't 
need precision polishing, said Cole-
man. 

Presently, its application is some-
what divorced from mm waves. The 
idea is applicable and intriguing, 
according to Coleman, but everyone 
is guessing at the moment because 
they don't know the theory. He sus-
pects that Hoffman has worked out 

Radar Switch Tubes 
to 125kV 200 
1000usec Pulse 
ML-8038 

Oil insulated 

Anode dissipation: 

oil (convection) to 5 kW* 

Max. dc Plate Volts . . 125 kV 

Pulse Cathode Current 175 amp 

Pulse Power Output, to 20 Mw 

ML-8040 
Air Insulated 

Anode dissipation: 

forced air cooled to 10 kW 

Max. dc Plate Volts . 60 kV 

Pulse Cathode Current 175 amp 

Pulse Power Output, to 10 Mw 

ML-804I 
Air Insulated** 

Anode dissipation: 

water cooled to 60 kW 

Max. dc Plate Volts . . 60 kV 

Pulse Cathode Current 175 amp 

Pulse Power Output, to 10 Mw 

• Forced-Oil-Cooling considerably increases this figure 

• •May be Operated oil Insulated (and not water-cooled) to 125 kV. 

Three coaxial switch tubes of same family. 

Mu:120...Thoriated-tungsten cathode....3 
cooling/insulation options....Tubes shielded 

for high voltage stability, low x-radiation 
yield.... All tubes aged, tested, in Machlett 

equipment. 

Write today for complete Information on ML-8038, ML-8040 and ML-8041 contained 
In Machlett Laboratories' 74 page Hard Pulse Modulator Tube Brochure. 

MACH LETt 
An attest° of Raytheon Company 

THE MACHLETT LABORATORIES, INC. 
SPRINGDALE, CONNECTICUT 
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"Perhaps we should 
have used 

HEXSEALS* 81 
SEELSKREWS*" 

Cartoon above suggested by 
J. McK. of Victoria, Australia. 

We like people with ideas! If you 
have suggestions for cartoons, 
send them on to us...A WORTH-
LESS PRIZE FOR EVERY EN-
TRANT! You'll get a credit line too 
...if you give permission. 

Incidentally... HEXSEALS are 
modular seals which fit onto 
switches. 

SEELSKREWS are self-sealing 
screws. 

We also manufacture 
SEELBOLTS* SEELRIVITS* 
RUBOGLAS* SILICORINGS* 

OUR PRODUCTS MEET ALL 
APPLICABLE MIL SPECS 

Our modular seals may be new to 
you; let us send you our Catalog 
359B. 'Trade Mark 

Write or call: MISS RIVA SOLINS 

AFeRVI-HEXSEAL 
CORPORATION 

41 Honeck St., Englewood, N. J. 

LOwell 9-5700 

the theory, but they haven't pub-
lished anything yet. 

It is possible to pulse these lasers 
to about 1,000 amps/cm2. Up to 100 
watts output may be realized, even 
more if area is increased. 

GENERATION — Crystal diodes 
now have the frequency multiplica-
tion record. Plasmas and bunched 
electron beams appear to offer the 
most promise. 
Work on bunched beams is going 

to be pushed for some time. The use 
of intense magnetic fields to com-
press an electron beam and achieve 
circuit densities of as high as 
2,500/cm2 was proposed by E. A. 
Ash, of Standard Telecommunica-
tion Labs, England (ELECTRONICS, 
p 7, Jan. 11). A frequency multi-
plier with an output of 2 watts at 
4 mm was achieved. Higher outputs 
are expected. 

Microwave gas discharge devices 
are strongly competitive in the fre-
quency multiplication area, are most 
efficient device in the ultramicro-
wave band today. 
Coleman predicts that multiplier 

work with ferrites will remain in 
the lower frequencies. Ferrite prob-
ably will not invade the low-milli-
meter range because of small sam-
ple size, waveguide circuits and 
saturation, he says. 

LADDERTRON—Oki Electric In-
dustry, of Tokyo, has a new, tun-
able, klystron that can continuously 
put out several watts in the mm 
range. Output of a typical unit, the 
35F10, is 12 w at 34 Gc. A 50-Gc 
tube will give 5 w minimum. 
The tube employs a pair of slot-

ted-plane, ladder-like structures in 

LADDERTRON inventor K. Fu-
jisawa, is interviewed by Associate 
Editor Shergalis 

OVERSIZED variable directional 
coupler developed by AIL for use 
at 300 Gc. It is shown disassembled. 
Micrometer adjusting screw moves 
the prism 

the center of a rectangular cavity. 
A flat, high-density beam passing 
between the ladders is coupled to 
the cavity through 12 coupling gaps. 

The cavity has two waveguides 
coupled through apertures on op-
posite side walls. One varies fre-
quency and the other couples the 
output to the load. The laddertron 
will oscillate even if a few ladder 
rungs are burned out. Its efficiency 
is about 80 percent. 
The laddertron is being produced 

for 0-mode operation. A pi-mode 
laddertron for up to 200 Ge is under 
development. 
ELECTRONICS learned that back-

ward-wave oscillators and traveling-
wave tubes using a modified gadder-
tron construction will be produced 
soon. For the same operating volt-
ages, traveling-wave tube output is 
expected to be doubled. Maximum 
frequency will remain the same. A 
44 to 48-Gc twt operating with a 
circuit voltage of 2.1 to 2.3 Kv has 
achieved more than 20 db gain. 

SWEPT OSCILLATOR — Another 
significant development, announced 
by Sperry Electron Tube division, 
is a series of voltage-tunable, swept 
oscillators for the 65 to 110-Gc 
range. Outputs range from 30 mw, 
for low frequency units, to 10 mw. 
The most important feature of 

these devices is that they may be 
injection phase locked with a very-
low level signal, ELECTRONICS 
learned. A few microwatts of 
power will stabilize frequency out-
put, enabling ultrastable operation. 

DETECTORS—Coleman is disap-
pointed in progress of work on de-
tectors. Only heat-sensing devices 
and thermal detectors are practical 
for power measurement now. Mak-
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ing good, coherent detectors for the 
mm region is a difficult problem. 

Crystal diodes are still used in 
great quantities as low-level mixers 
and video detectors. Tunnel diodes 
biased near oscillation are very 
sensitive detectors. Just how high 
in frequency they go hasn't yet been 
determined. 

WAVEGUIDES—There is much 
research on waveguides for fre-
quencies above 100 Ge. Smooth 
waveguide, most engineers think, 
cannot compete with optical or 
quasi-optical systems. 

Lower-loss, low-dielectric mate-
rial that is reasonably easy to fab-
ricate is needed for lens optical 

systems. Only optical systems are 
appropriate for the ultramicrowave 
region, says Coleman. 

D. D. King of Electronic Commu-
nications, also says that engineers 
will have to learn optics, that op-
tics are the key to the solution of 
many problems in the mm field. 
Work on components using quasi-

optical techniques with oversize 
waveguide was reported by J. Taub, 
of AIL division, Cutler-Hammer. 
Conventional waveguide at frequen-
cies above 300 Ge is difficult to 
construct and is excessively lossy, 
typically about 10 db per foot. Wave-
guide roughly 10 times bigger cuts 
loss per foot at 400 Ge from 7 db 
to 0.7 db and is easier to construct. 

A good approximation to plane-
wave propagation is obtained in 
oversize guide if most of the power 
is contained in the TE,. mode. The 
TE,, mode is launched by careful 
tapering from standard size guide. 
Since many undesirable modes may 
be propagated in oversize guide, 
discontinuities cannot be used. Op-
tical structures such as prisms, re-
flectors and gratings are suitable 
because they operate uniformly 
over the entire plane wavefront. 
Components built at AIL include 

directional couplers with coupling 
ratios of 0 to 30 db, attenuator and 
phase shifter, all variable. 
A new groove-guide was disclosed 

by F. J. Tischer, of the University 

High-Flying Spectrometer to Peer 

Analysis of planet's 
infrared spectra may 
indicate life on Mars 

PALESTINE, TEXAS — A huge 
plastic balloon carrying a 6,300-
pound payload is to be launched 
from near this small East Texas 
town in early February. If the 

TEST LAUNCH of Stratoscope II 
flight system last year. Inflation 
takes 14,500 pounds of helium 

mission is completely successful, 
man will learn whether life can 
exist on Mars. 
The unmanned mission, part of 

Project Stratoscope II, will mark 
the first attempt to detect life-
related substances on Mars by 
analyzing infrared spectrum of 
light received from the planet. 
The launch is the first in a 

series of Stratoscope II flights 
timed to coincide with the opposi-
tion of Mars to earth—the bien-
nial period when they are closest 
and Mars' reflected light is most 
intense on earth. 
Later flights will include photo-

graphing Mars and other planets. 

FLIGHT PLANS—An 8-hour flight 
is to be made to an altitude of 80,-
000 feet. At this altitude, a 36-inch 
telescope feeding a spectroscopic 
system will be aimed at Mars to 
measure its electromagnetic radia-
tion. 

The system will be outside about 
96 percent of the earth's atmos-
phere. As a controlled check on 
the slight atmospheric interfer-
ence remaining, scientists plan to 
compare Mars' spectra with that 
of the moon's lifeless surface. 
Radio contact with earth will be 

maintained by a command-telem-

etry system. The telescope will 
be aimed by an optical system 
that locks onto stars (ELECTRONICS, 
p 30, Sept. 2, 1962). 

EXPERIMENT—Specific objective 
is acquiring high-resolution in-

frared spectra of Mars and the 
moon in the wavelength range of 
1 to 7 microns. 
The experiment is expected to 

provide a check on the abundance 
of CO2. Scientists will also be look-
ing for CO from the photodissocia-
tion of CO„ for CH, and other 
organic gases as a clue to biolog-
ical activity, for nitrogen oxides 
of biological and photochemical 
origin, and for CaO, which may be 
involved in the Martian "blue 
haze." 

EQUIPMENT — Infrared light 
from the telescope's reflecting mir-
ror will be spread into a spectral 
band by a prism. A moving slit 
will pass light from each "color" 
segment into detectors. 
Energy intensity at each spec-

trum segment will be telemetered 
to earth and will also be tape-
recorded in the instrument cap-
sule. 
Spectrometer components in-

dude Wadsworth-mounted fluorite 
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of Alabama. It's like the popular 
H-guide, but has no dielectric. 
Walls are grooved parallel to the 
direction of wave propagation. The 
guide has application to long-dis-
tance transmission, delay lines and 
phase shifters. 

STANDARD—Martin's molecular-
beam frequency standard (ELEC-
TRONICS, p 7, Jan. 11) uses hydro-
gen sulfide gas instead of cesium 
and electrostatic beam deflection in-
stead of magnetic. Expected accu-
racy is 1 part in 10" at 300 Gc. Now 
being assembled, it will be used for 

plasma and materials studies, and 
as a time standard in development 
of mm guidance systems. 

at Mars 

prism and reflection optics, and 
three liquid-helium-cooled ger-
manium bolometers as radiation 
detectors. The bolometers, de-
veloped by Texas Instruments, are 
made of single-crystal germanium 
with gallium added. TI reports 
that they have demonstrated an 
ability to detect radiation signals 
as small as 1 picowatt. 
Data from each bolometer will 

be amplified and recorded sepa-
rately, providing three independ-
ent spectra for each spectral scan. 
The project is supported by the 

National Science Foundation, Of-
fice of Naval Research and NASA. 
Project director is Martin 
Schwarzschild, of Princeton Uni-
versity. 

/ 

BLACK BARS are the three cryo-
genic bolonieters that make up the 
radiation detector 

...up to 160 

channels in a 

5Ç, panel 

versatile 
addressable or sequential 

Multiplexers 

features 

• Sampling rate to 50,000 channels/sec 

• Variable frame length 

• Accuracy -± 0.02% full scale 

• Input levels to -±.> 10 V 

Texas Instruments Multiplexers are all solid state units 

providing accurate, high-speed bipolar operation with low 

dynamic crossfeed, fast settling time, and variable strobe. 

Manual channel select switches facilitate system set-up and 

•check-out. Frame length is selectable from front panel. 

Expandable to 160 channels by means of plug-in printed 

circuit cards. Case size M by 19 by 18 inches for standard 

relay rack mounting. 

71's high speed 

Model 834 Analog-Digital 

Converter, ideal 

companion instrument to 
the TI Multiplexer. 

Accuracy: ± 0.05% full scale 

Automatic zero stabilization 
IIigh speed: 1.5 µsec per bit 

Built-in sample and hold 

Ask a TI Application Engineer 

digital data handling equipment for your specific needs. 

for further information on 

INDUSTRIAL PRODUCTS GROUP 

STRIP CHAR/ RECORDER. 

TEST [DUI  

DATA   

OOOOO DUCE. 

TEXAS INSTRUMENTS 
INCORPORATED 
3609 BUFFALO SPEEDWAY 

P. 0 BOX 66027 HOUSTON 6. TEXAS 
558 
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$3.00 List 
(Without Handle) 

111 
TAP 

SWITCH 
has 
giant 
range 

TYPE 3A 
MOLDED FROM MAIM PHTHALATE 

Only 1" in diameter .... weighs 30 
gra ms.. . as many as 8 decks and 
up to 12 positions per deck. These 
are among the features of Tech 
Labs' new all-molded miniature 
Type 3A tap switch. 

Designed for a wide range of mili-
tary and commercial applications, 
this single-hole mounted switch 
has adjustable stops if fewer than 
12 positions, single pole, or 6 po-
sitions, double pole, are required. 

"Shorting" and "non-shorting" 
types are available and the switch 
can be furnished solenoid-oper-
ated and hermetically sealed. 

SPECIFICATIONS 
Size: 1" diameter, 1Y4" with terminals. 
First deck, 1-1/16" long. Each additional 
deck, 1/2" long. 

Weight: First deck, 30 grams. 10 grams 
for each additional deck. 

Rating: 1200 volts rms, 2000 VDC, 5 
amps (carrying) 115V. 

Insulating resistance: 100 megohms min-
imum at 500 volts DC. 

Life: 1.5 — 2 million revolutions. 

Contact resistance: 
(standard) 6-10 milliohms. 
(silver) -3-5 milliohms. 

Temperature range: —65''C to 100*C. 

Mounting: Single-hole. 

Meets MIL-S-3786A 

Write for details 
and prices. 

ACCOUNTING MACHINE in the IBM 6400 series includes a core-storage 
computer. Magnetic ledger card unit is at top right 

New Competitor Enters 
Magnetic Ledger Field 

Automatic bookkeeper 

uses magnetic strip 

on ledger card, too 

MAGNETIC-STRIPE ledger cards, 
a field that now includes such firms 
as National Cash Register and Bur-
roughs, was entered by IBM this 
month with its 6400 series of ac-
counting equipment. 
The ledger card has a horizontal 

stripe laminated to its reverse side, 
and according to IBM, is the first to 
store alphabetic information as well 
as numeric data. 

DESK-SIZED—The main unit is 
a desk-size accounting machine with 
a two-address, core-storage com-
puter programmed by a wired con-
trol panel. 

Standard functions include add, 
subtract, multiply, divide, negative 
and zero test, and automatic 
branching of subroutines. There 
are 2,952 cores in the main storage 
unit, plus a working memory of up 
to 40 numeric characters. 

Numeric data is stored in pure 
binary; alphabetic data is stored in 
36-bit words in the computer. 
The machine's printer uses the 

sphere-shaped "golf-ball" printing 

head first seen in the IBM Selectric 
typewriter. Speed is 930 characters 
a minute on a 220-character line. 
Up to three different documents can 
be printed for one application, so 
that, for instance, inventory con-
trol, accounts receivable and billing 
can all be performed at one opera-
tion. All operations are automatic, 
except for entry of variable infor-
mation. Command keys interrupt 
and modify the computer program 
as desired. 

MAGNETIC LEDGER—The op-
tional ma gn et i c ledger unit's 
printer is like the accounting ma-
chinch, but has a 130-character 
line. The magnetic stripe, 8 inches 
long and 2 inch wide, can store 252 
alphabetic characters in 6 bits plus 
a check bit for each, and stores nu-
meric data in pure binary. 
The ledger unit accepts cards of 

varying widths and lengths. Sens-
ing fingers determine stripe loca-
tion. The stripe is then read by one 
pass of a four-track head. 
A hole is punched at the left end 

of each line printed, enabling the 
ledger unit to find the next printing 
line. Fully-printed cards are auto-
matically rejected while heading 
and other information are held for 
printing on a new blank card. 
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DAYSTROM EXPANDS 

WESTO N 
to provide our industrial and military customers with 

• broader research and engineering capabilities 

• a single source for more products 

• greater integrated systems capability 

• increased manufacturing capacity 

• wider sales and service 

The newly expanded division will be known as... 

\A/ E STO N 
INSTRUMENTS & ELECTRONICS DIVISION 

The newly formed division of Daystrom combines the capabilities, 
the product lines and plant facilities of the former... 

GAGE DIVISION * INDUSTRIAL INSTRUMENTS DIVISION * MILITARY ELECTRONICS DIVISION 

POTENTIOMETER DIVISION * WESTON INSTRUMENTS DIVISION 

PRODUCTS OFFERED: 

Aerospace Instrumentation Systems Non-Contact Gauges 

Computer Memories 

Controllers 

Daystrom Potentiometers 

Electrical Measuring Instruments 

Electronic Test Equipment 

Industrial Control Equipment 

Metal Film Resistors 

Archbald, Pennsylvania 

Navigational Instruments 

Nuclear Instrumentation 

Photographic Equipment 

Photosensitive Devices 

Recorders 

Relays 

Tachometer Generators 

Poughkeepsie, New York 

RESEARCH AND DEVELOPMENT ACTIVITIES: 

Aerospace Instrumentation and Systems 

Automatic Check-out Systems 

Communications 

Computer Technology 

Data Processing and Display Systems 

Detection Systems 

Display Systems 

Electro-Luminescent Displays 

PLANT LOCATIONS: 

Newark, New Jersey Union, New Jersey 

Ground Support Equipment 

Memory Systems 

Nuclear Control Systems 

Surveillance Systems 

Tactical Data Systems 

Ponce, Puerto Rico 

Contact your usual local office or distributor for any of the above products. 

4NN E STO N 
INSTRUMENTS & ELECTRONICS 

Division of Daystrom, Incorporated, Newark 14, New Jersey 
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HOW CHEAP 
IS "CHEAP"? 
"Why should we buy from you when 
we can get the 'same thing' from 
other suppliers at a lower price?" 

In selecting a supplier of lacing tape (or any component), price and compli-
ance with specifications are not the only criteria. But too often, manufacturers 
ignore the other factors involved and consequently lose money. 

For example, in a $15,000 piece of equipment there may be only 15 cents 
worth of Gudebrod lacing tape. It costs $75 to work this tape. It may be possi-
ble to buy the same amount of tape from other suppliers for 2 or 3 cents 
less .. . it "will meet the specs" according to these suppliers. But one of our 
customers recently pointed out why he still specifies only Gudebrod lacing 
tape in such cases. 

"We tried buying some cheaper tape that 'met the specs.' Within a few 
months our production was off by 50% . . . boy, did the production people 
really scream about that tape. And our labor costs doubled... our 
costing people really flipped! 

"Another thing, why should we risk the possible loss of thousands of 
dollars when the original material cost difference is only a few cents. 
Once you put cheaper tape on and something goes wrong after the equip-
ment is finished . . . you've had it. No, thank you! We learned our lesson! 
We buy Gudebrod lacing tape!" 

Whether your firm uses one spool of lacing tape or thousands, there are four 
advantages in specifying Gudebrod for all your lacing requirements: 

1. Gudebrod lacing tape guarantees increased production! 

2. Gudebrod lacing tape guarantees reduced labor costs! 

3. Gudebrod lacing tape guarantees minimal maintenance after 
installation! 

4. Gudebrod guarantees quality! On every spool is a lot number 
and seal which guarantees that all Gudebrod lacing tape is pro-
duced under strict quality control. Our standards are more 
exacting than those required for compliance with Mil-T. 

Our Technical Products Data Book explains in detail the complete line of 
Gudebrod lacing tapes for both civilian and military use. For your copy 
write to Electronics Division 

GUDEBROD BROS. SILK CO., INC. 
Electronics Division Executive Offices 
225 West 34th Street 12 South 12th Street 
New York 1, New York Philadelphia 7, Pa. 

MEETINGS AHEAD 

RELIABILITY & QUALITY CONTROL SYM-
POSIUM, IRE-PGRQC, AIEE, ASQC, EIA; 
Sheraton Palace Hotel, San Fran-
cisco, Calif., Jan. 21-24. 

INSTITUTE OF ELECTRICAL & ELEC-
TRONICS ENGINEERS WINTER GENERAL 
MEETING & EXPOSITION, IEEE; Statler 
and New Yorker Hotels, New York 
City, Jan. 27-Feb. 1. 

MILITARY ELECTRONICS WINTER CON-
VENTION, IRE-PGMIL; Ambassador 
Hotel, Los Angeles, Calif., Jan. 30-
Feb. 1. 

QUANTUM ELECTRONICS INTERNATIONAL 
SYMPOSIUM, IRE, SFER, ONR; Unesco 
Building and Parc de Exposition, 
Paris, France, Feb. 11-15. 

INFORMATION STORAGE AND RETRIEVAL 
SYMPOSIUM, American University; 
International Inn., Washington, 
D. C., Feb. 11-15. 

ELECTRICAL & ELECTRONIC EQUIPMENT 
EXHIBIT, ERA, EEC; Denver Hilton 
Hotel, Denver, Colo., Feb. 18-19. 

SOLID STATE CIRCUITS INTERNATIONAL 
CONFERENCE, IRE-PGCT, AIEE, Un-
versity of Pennsylvania; Sheraton 
Hotel and U. of P., Philadelphia, 
Pa., Feb. 20-22. 

PACIFIC COMPUTER CONFERENCE, AIEE; 
California Institute of Technology, 
Pasadena, Calif., March 15-16. 

BIONICS SYMPOSIUM, United States Air 
Force; Biltmore Hotel, Dayton, 
Ohio, Mar. 18-21. 

IEEE INTERNATIONAL CONVENTION, In-
stitute of Electrical and Electronics 
Engineers; Coliseum and Waldorf-
Astoria Hotel, New York, N. Y., 
March 25-28. 

ENGINEERING ASPECTS OF MAGNETO-
HYDRODYNAMICS SYMPOSIUM, IRE-

PGNS, AIEE, IAS, University of Cali-
fornia ; UCLA, Beverly, Calif., 
April 10-11. 

OHIO VALLEY INSTRUMENT-AUTOMA-
TION SYMPOSIUM, ISA, et al; Cin-
cinnati Gardens, Cincinnati, Ohio, 
April 16-17. 

CLEVELAND ELECTRONICS CONFERENCE, 

IRE, AIEE, Case Institute, Western 
Reserve University, isa; Hotel 
Sheraton, Cleveland, April 16-18. 

INTERNATIONAL NON-LINEAR MAGNETICS 

CONFERENCE, IRE-PGEC, PGIE, AIRE; 
Shoreham Hotel, Washington, D. C., 
April 17-19. 

ADVANCE REPORT 
RADAR SYMPOSIUM, U. S. Army Elec-
tronics Command, University of Michi-
gan: U. of M. campus. Ann Harbor, 
Mich., June 4-6. Feb. 1 is the deadline 
for submitting an unclassified title along 
with 10 copies of a 300-word abstract 
to: Coordinator, Ninth Annual Radar 
Symposium. Institute of Science and 
Technology. P. 0. Box 618, Ann Harbor, 
Michigan. Secret clearance and need-to-
know certification are required for at-
tendance. Suggested areas of interest in-
clude: components and techniques: 
propagation phenomena; engineering ap-
plications; new data and their organiza-
tion (millimeter waves, pulse and fre-
quency analysis, noise, target returns, 
frontiers, sources of radar performance). 
Special information may be obtained by 
telephoning Syniposium Coordinator at 
663-1511, Extension 3131V, Ann Harbor 
(Area Code 313). 

32 CIRCLE 32 ON READER SERVICE CARD electronics 



Specifying discriminators? 
Do you know... 

Which discriminator gives you the greatest reliability? 

The GFD-3 
(5000 hours MTBF...and we can prove it!) 

Which discriminator is the most compact? 

The GFD-5 
(Seven occupy just 31/2 inches of panel height) 

Which discriminator works at the 
highest frequency? The GFD-8 

(Up to 5 Mc...high enough?) 

Which switchable discriminator gives you phase-locked-
loop operation? 

Who makes them? 

The GSD-3 
(23 channels; provision for remote control) 

A few more important facts about the com-
plete family of DCS Discriminators: They're 
all solid state. They're all available on rapid 
delivery. And, there's a full line of acces-
sories and mounting hardware. For more 
information, including data sheets contain-
ing complPfP specifications, write today to: 
Dept. E-11-2 

Write for the name of your nearest representative. Address: Dept. E-11-2 

DATA-CONTROL SYSTEMS, INC. 
Tomecestuctatieut joZeuerted 

Los Angela. Sent. CI WhOCCpC ai Home Office: E. Liberty St., Danbury. Conn. • Pioneer 3-9241 
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USED IN ALLEN'S SUPERIOR ELECTRONIC ORGANS 

QUALITY COMPONENTS at advantageous prices 
for useful applications in the electronics industry. Write for catalog 

Allen electronic components, made primarily for elec-
tronic organs, are finding a growing list of prominent 
users in other industries—commercial, scientific and 
government. 

Allen is widely acknowledged the most respected name 
in electronic organs and to maintain this high standard, 
Allen manufactures its own configurations in quantity, 
under rigid quality control. 

Because these components are produced in such 
quantity and variety, and are generally in stock, they 
represent an advantageous source of supply for other 
component users, at moderate prices. Certain unusual 
components not made by Allen but used in extremely 
large quantities can also be offered at attractive prices. 

Write for our catalog, indicating which of the com-
ponents may be of interest to you. 

Allen Frequency 
Source Type C 

A moderately priced compact 
audio oscillator designed for 
applications that do not have 
most stringent requirements 
for stability in respect to tem-
perature and frequency drift. 

Allen Frequency 
Source Type P 

A plug-in sine wave oscillator 

with standard octal tube base 
type connector. A knurled 

thumb-type adjustment lo-
cated at top of unit provides 
for variable fine adjustment 
of frequency ±2% of speci-
fied frequency. 

Allen Multi-
Contact Relays 

Economical and extremely re-
liable in applications involv-
ing a single potential to be 
switched to a large number 
of circuits simultaneously. In 
tests these units showed com-
pletely normal operation after 
50 million cycles. 

Allen Toroids 

Over 150 sizes available from 
stock include Permalloy, Fer-
rite and Powdered Iron types. 
lnductant and Q measured at 
1 volt 1,000 c.p.s. Inductance 
tolerance ±2%. 

Allen Light 
Controlled Relays 

• A 4-terminal device designed 
for use as a relay or remote 
control element, especially 
valuable where it is not nec-
essary that control resistance 
be zero. Voltage variations in 
the input circuit result in a 
resistance variation in the out-
put circuit. 

• 
• 
• 
• Allen 20-Watt and 50-Watt 

• Transistorized Amplifiers 
• 
• Utilize latest developments 
• in solid-state technology. 
• They demonstrate character-
• 
• istics normally associated 
• with such circuitry (compact 
• design, low heat dissi-
• 

pation). Operate over 
• wide ambient tempera-
• ture range. . 

Allen Organ Company, Macungie, Pa. Phone 965-9801 ttrn COMPONENTS 
DIVISION 
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To apply 

semiconductor networks 

in digital equipment, 

the designer has 

to understand 

the application rules 

and design points 

brought out here 

DESIGNING 

BREADBOARD CIRCUITS of semiconductor 'networks are checked out 

DIGITAL EQUIPMENT WITH 

Semiconductor Networks 
By THOMAS COOPER and GENE McFARLAND, Engineers. Texas Instruments Inc., Dallas, Texas 

ALTHOUGH semiconductor net-
works are still new to many 
equipment designees, the logic lay-
outs and circuit functions are well-
known. The techniques for imple-
menting logic equations are similar 
to those used with discrete compo-
nent circuits. 
A series of these semiconductor 

networks, called Series 51, has been 

fabricated for application in digital 
equipment designs. Each network 
is a complete electronic circuit fab-
ricated within a single piece of 
silicon (Solid Circuit). Fabricated 
using planar diffused structures 
with oxide protection and deposited 
leads on the surface to connect the 
components within the bar in the 
desired circuit configuration, the 

network bar is placed in a hermetic-
ally sealed package I in. X I in. X 
2.2 in. with 10 lateral leads. 

LOGIC—This series of networks 
uses the RCTL (Resistor-Capacitor-
Transistor-Logic) NOR/NAND con-
figuration. This logic was selected 
because RCTL is widely used in 
present equipment design and be-

35 



0 FOR NOR (POSITIVE) LOGIC 
(2) FOR NAND (NEGATIVE) LOGIC 

vCC 

(A) 

OUTPUT -A +B+C +X 

OR ABC X©  

GND 

A 

OUTPUT 
(COLLECTOR) 

OUTPUT 
* (EMITTER 
FOLLOWER) 

(B) 

(EMITTER-FOLLOWER) (EMITTER-FOLLOWER) 
OUTPUT OUTPUT 

OUTPUT 
(COLLECTOR) 

SET 

PRESET CLOCK 
PULSE 

(C) 

OUTPUT 
(COLLECTOR) 

RESET 

RCTL is the basic circuit configuration (A). Logic symbol for the NOR/NAND gate (B), and logic symbol for R-S 
flip-flop (C)—Fig. 1 

cause RCTL lends itself to good 
power - speed compromises. Also, 
wide tolerances of component values 
can be used without affecting cir-
cuit performance. 
The NOR/NAND configuration is 

shown in Fig. 1A. The logical sym-
bol for the RCTL NOR/NAND gate 
is shown in Fig. 111. The star on 
the gate output designates the 
emitter-followers available on the 

FAN-OUT 
5 MAXIMUM 

••%662:41" 

SN 510 R-S FLIP-FLOP/ COUNTER NETWORK 

TRUTH TABLE 
POWER DISSIPATION 

2rnw vcc r 3V (FAN-OUT :4) 

8mw @ : 6VIFAN-OUT:4) 

0, p 
FAN-OUT 
4 MAX 

47PRES7ET P 

tn+I 

S O 

O O o, 

O 

O O 

INDET 
MINAT 

ER-

CLOCK PULSE IS INTERNALLY CAPACITIVE-COUPLED, 
ALLOWING A SINGLE PHASE CLOCK SOURCE 

SN 511 R-S FLIP-FLOP/ COUNTER NETWORK 
WITH EMITTER FOLLOWER OUTPUT 

SAME AS SN 510 EXCEPT: 

a. E . 

PRESET CF 

POWER DISSIPATION 

o 3aVccr 3V1FAN- OUT :10) 

s 18mw @Vc : EWAN- OUT :K)) 

FAN-OUT 
TERMINAL 0 AND 31 -4MAX 

TERMINAL 0. AND Z• -20MAX 

e'peoe*4 
SN 512 NOR / NAND NETWORK 

LOGIC 

NAND NOR 

G ABCDEF A+B+C+D+E+F 

POWER DISSIPATION 
2m @ : 3V1FAN-OUT :5) 

8 r V = 6V1FAN-OUT:5) 

SN 511 and SN 513 (see Fig. 2). 
Also among the networks is a reset-
set (R-S) flip-flop shown in Fig. 
1C. 

For implementing binary alge-
bra, two logic assignments are pos-
sible, either NOR or NAND. In one 
system, Nok, a logical one is repre-
sented by a voltage level and a log-
ical zero is represented by no volt-
age. The NAND system results if 

Mblie.et 

SN 513 NOR/NAND NETWORK 

A 
e 

E 

LOGIC 

NAND NOR 

G ABCDEF A+B+C+D+E+F 

H ABCDEF A+B+C+D +E +F 

FAN-OUT POWER DISSIPATION 
TERMINAL G- 5MAX 3m,r @ r 3V1FAN -OUT : ID) 

TERMINAL H-SNAG 13m• @ : 6VIFAN-OUT: IC) 

SN 514 TWO NOR / NAND NETWORKS 

LOGIC 

L-
POWER DISSIPAT ON 

FAN-OUT (PER LOGIC STAGE) 
TERMINAL G-SNAG 2mw r 3VIFAN - OUT: 5) 

TERMINAL H -5MAX Elmw @V : 6VIFAN- OUT:5) 

NOTE: 

THE SN 514 CONTAINS TWO ISOLATED LOGIC FUNCTIONS. 
HOWEVER, A COMMON Et+ TERMINAL IS USED. 

NAND NOR 

G ABC A+B+C 

H DEF 

L,,,2-eides2rwre7 
SN 515 EXCLUSIVE OR NETWORK 

NAND 
- 

e 

LOGIC 

NAND 

À+B 
NOR 

AB 

O AG +8A 

E A+11. AB 

FAN-OUT 
TERMINAL C AND E-4 MAX 
TERMINAL D-5MAX 

E POWER DISSIPATION 
4mw @V : 3V 

I6mw V : 6V 

,e,eleWeeeffflell 
LOGIC, schematic, fan-out and power drain for semiconductor networks 
applicable to digital equipment—Fig. 2 

the assignments are reversed: 

NOR 
NAND 

Binary 0 
Low voltage 
high voltage 

Binary 1 
High voltage 
Low voltage 

A gate can be used as either a 
NOR or NAND gate, depending upon 
the logic system selected. The trans-
fer functions of the gates are: 

Inputs Outputs 
NOR A,B Y 71 -B... À'or A+B+ •••+X 

NAND A,B.... X .4-+B+ ... +X or AB... 

The two logic systems are duals 
with the NOR logic favoring max-
term type equations and the NAND 
logic favoring minterm type equa-
tions. (A maxterm equation is one 
in which the logic is arranged as 
a product of sums, that is, (A + B) 
(C D) ; in the minterm type 
equation, the logic is arranged as a 
sum of products, that is, AB + 
BC.) Implementing an equation 
with its favored type of logic 
ordinarily results in the best sys-
tem with respect to economy and 
speed. It is sometimes possible to 
reduce the number of gates con-
nected in series, hence increasing 
speed at the expense of using extra 
networks. 
Any equation may be readily re-

duced to its simplest minterm form; 
however, it is often difficult to ex-
pand an equation in minterm form 
into a maxterm type that is reduced 
to the optimum form for imple-
mentation. For this reason, NAND 
logic is usually preferred. Further, 
the input equations of the R-S flip-
flop (SN 510-511) (see Fig. 2) are 
defined to be compatible with NAND 
logic. 

Logic types should be chosen 
after giving consideration to the 
requirements of a particular sys-
tem. A combination of the two types 
is often used, especially where a 
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TABLE-FAN-OUT CAPABILITIES 

SN5I0 
SN511 
SN 512 
SN5I3 25 
SN.511 5 
SN515 (each gale) 
Exclusive on 5 
Auxiliary 5 

D-C 

Fan-Out 
4 

20 
5 

A-C Fan-Out 
Clock Frequency 

<500 Kc >500 Kc 
5 Use SN5I I 
5 5 (from e-f output) 
5 Use SN513 
5 5 (from e-f output) 
5 Use 513 

5 Use SN513 
5 Use SN513 

subsystem interface requires a 
change in logic levels. 

EQUIPMENT DESIGN — Specifi-
cations applicable to all these net-
works are: supply voltage, 3 y to 
y d-c; operating temperature 

range, — 55 deg C to -1- 125 deg C. 
The individual logic, schematic dia-
grams, fan-out and power drain are 
shown in Fig. 2. 
The flip-flops can be used either 

in synchronous or asynchronous 
systems and can, without additional 
steering, be connected as either 
counter or shift-register stages. 

For digital equipment design, the 
designer may set up application 
rules for each circuit to be used. 
In this way, the connection pattern 
that conforms to the rules will op-
erate properly and no individual 
pattern analysis is required. The 
rules that must be established are: 
(1) maximum fan-out to be allowed; 
(2) maximum fan-in available; (3) 
maximum number of gates which 
may be connected in series between 
clocked flip-flops. 

FAN-OUT & FAN-IN — Fan-out 
represents the number of parallel 
loads that can be driven from one 
output node as shown in Fig. 3A. 
A load, which for these networks 

is a d-c load, can be represented by 
the equivalent circuit in Fig. 3B. 
Any of these networks will drive 

any other network in the series. 
For high fan-out requirements (N 
= 20-25), emitter-followers can be 
used on the flip-flop (SN 511) and 
gate (SN 513). If maximum d-c 
fan-out of the emitter-follower out-
put on SN 511 or SN 513 is used, 
fan-out from the collector output is 
not available; otherwise, a combina-
tion of loading from the emitter-

SEMICONDUCTOR 

NETWORKS FOR 

DIGITAL EQUIPMENT 

All the semiconductor net-
works discussed in this article 
are encased in the hermeti-
cally sealed package shown 
here. 

This 0.001 cubic inch pack-
age weighs 0.05 gram. A 
Kovar-glass seal around the 
leads and metal-to-metal bond 
of the final package creates 
the hermetic seal. 

Leads are gold-plated Kovar 
allowing bonding to external 
conductors by either welding, 

0.025 

0.08 

0.125±0.005 

0.01 MAX 

C ,t) U-) DS), 
0 
'o di 

1 0.037 

0.01 

0.25±0.005 

ALL DIMENSIONS IN INCHES 

0.035±0.005 

0.012 MIN 

0.003 

soldering or thermocompres-
sion bonding. The center-to-
center lead spacing of 0.05 in. 
is a unit multiple of preferred 
spacing for many interconnec-
tion techniques 

SN 512 

FAN-OUT. 5 

(A) 

)SN 512 

SN 512 
• 

5N512 

DSN 512 

SN5 12 

(B) 

i-

50 pF- 1 
-•••••  
20K 

SN 512 /SN 513 

1N916 

CLOCK-PULSE 
INPUT 

GATE with a fan-out of 5 (A); equivalent circuit for one d-c load (B); 
and example of a-c loading on a gate (C)—Fig. 3 

FAN -IN .9 

DO NOT CONNECT 
Vcc0F SN 512 /SN 513 

SN512 /SN 513 FAN -IN.12 

CONNECT Vec OF ONLY ONE GATE 
IN COMBINATION 

(A) P u2 SN 514 (B) SN512/SN513 

HOW TO increase fan-in for two types of logic gates, a SN514 (A), and 
a SN512 (B)—Fig. 4 

10 
, 9 
cocr, 
"11..18 
Et-

7 
u 06 
(-4'2 5 
1:5f.-.3 4 
1'53 
ed 2 

O 

- —Vcc .6V •• 

- FAN-OUT.5 (FROM\ • 
-EACH GATE IN SERIES r. I I 

0.1 0.15 0.2 0.3 0.4 0.5 0.6 0.7 0.80.9 I 

CLOCK FREQUENCY IN MC 

NUMBER of 
gates that can be 
connected in ser-
ies between clocked 
flip-flops plotted 
against operation 
frequency—Fig. 5 

January 18, 1963 37 



CLOCK 
PULSE 

SN5 10/5 11 
CP 

Q, 

NUMBER OF GATES CONNECTED IN SERIES 

FAN-OUT OF 4 
FROM FLIP-FLOP 

FAN-OUT OF 5 
FROM EACH SERIES GATE 

LOGIC ARRANGEMENT used to determine the maximum cluck frequency 
—Fig. 

VCC 

(A) 

INPUT 

NETWORKS 
UNDER - STAGES 
TEST 

OUTPUT 

N-1 
STAGES STAGES 

IN 90% 

107> r .-

OUT A90% 

(B) tp, 

PROPAGATION DELAY test circuit (A) and voltage waveforms (B) — 
Fig. 7 

a 

A 

CLOCK PULSE 

SHIFT REGISTER having parallel read-in and serial read-out, with trans-
fer at each clock pulse—Fig. 8 

follower and collector outputs can 
be used. All gate inputs and the re-
set, set, or preset inputs of the 
flip-flop are considered d-e loads. 

Alternating-current loading of a 
network occurs when its output 
drives the clock-pulse input of a 
flip-flop (Fig. 3C). The effect of the 
added capacitance (approximately 
100 pf per clock pulse input) limits 
a-c fan-out from the networks to 5. 
Also, at clock rates above 500 Kc, 
only emitter-follower outputs should 
be used when driving a-c loads. 
A summary of the fan-out capa-

bilities over the — 55 deg C to + 
125 deg C operating temperature 
range is shown in the Table. 

In certain cases, simultaneous 
fan-out into both d-c and a-c loads 
from the same gate is required. If 
a gate is driving the maximum 
number of a-c loads (5) it can 
simultaneously fan-out into 60 per-
cent of the maximum number of 
d-c loads. For example, maximum 
loading (a-c and d-c simultane-
ously) for SN 512 is 5 a-c loads + 
3 d-e loads, and for SN 513 is 5 a-c 
loads + 15 d-c loads. 

Fan-in represents the number of 
inputs that can be connected to a 
logic network that will give one out-
put. The fan-in for a logic gate can 
be increased by connecting the out-
put nodes of two gates and using 
only one common load resistor (Fig. 
4A and Fig. 4B). 

PROPAGATION DELAY—In de-
sign of digital equipment, it is 
normally necessary to know the 
maximum number of gates that can 
be connected in series between 
clocked flip-flops. This is a function 
of the frequency of operation, the 
supply voltage, the fan-out of the 
gates connected in series and the 
temperature range for which the 
equipment is designed. For the 
Series 51 networks, this func-
tion is shown in Fig. 5 at 17. ° = 
3 y and at T7 „ = 6 v. Fig. 6 shows 
the logic arrangement used to de-
termine the maximum clock fre-
quency. A fan-out of 5 from each 
series gate is used, which is prob-
ably more severe than normal sys-
tems require. Maximum clock pulse 
frequencies will be increased (av-
erage propagation delay decreased) 
if the fan-out is less than 5 from 
each gate in series. Also an increase 
of 10 to 20 percent in clock fre-
quency can be obtained if the emit-

38 electronics 



SEQUENCE 
dcb a 

00000 

10001 

2 0 o fl o 

3 

4 

5 

6 oflfl o 

7 offli 
e f  o o o 
9 1 0 0 1 

DECODING 

6c- 71 

2Jobeil 

3.obe 

CLOCK 
PULSE 

SYNCHRONOUS binary decade 
counter having a count of ten—Fig. 9 

ter-follower outputs of the SN 513 
are used for the gates connected in 
series between clocked flip-flops 
rather than the collector outputs. 
The propagation delay of a gate 

is defined as the time required for 
a signal to propagate through a 
gate and is shown in Fig. 7A and 
Fig. 7B. Average propagation delay 
equals (t,„ td„) /4 for 2 stages, 

(t„, td) /2 for a single stage. 

APPLICATIONS— The following 
illustrations show how these net-
works can be used to implement 
logic designs. NAND logic is used 
for these illustrations; however, 
NOR logic can also be implemented 
to perform the same functions. 
For a shift register having par-

allel read-in and serial read-out, 
with transfer at each clock pulse, 
the logic is 

typical stage 
R. = 

The block diagram is shown in Fig. 
8 where: X = parallel transfer 
gate; Y = shift gate; A, B...N = 
word to be transferred into shift 
register; and a, b...n = bit posi-
tions of shift register. 

This register will shift or trans-
fer at every clock pulse. When X 
and Y are both zero, the entire 

1st stager. = A X" 

R. = S„ 

2nd stager = a Y 

R n Sh 

r =  NX — UY 

SN510/511 

S, 

CP 

R, 

o 

SN5I0/ 51 I 

e— b 

Rb S 

— 177 

rsi, 514 — 

L.) D  

rSN514 

N514 — 

I r)  

1 

SN 510/ 511  

CP 

rSN5I4 

[-iN514 

L 

À I  
_ 
B  

A  
1 

SN5I5 

L  SN515  _j 

TRUTH TABLE 
A suni CARRY 

o 

O 

o 

o 

o 
O 

o 
o 

o 

o 

O 

o 

1/2 SN5I4 

1/2 SN514 

SN5I4 

 SUM 

 • SUM 

  CARRY 

 • CARRY 

FULL ADDER, shown with truth 
table, uses a minimum number of net-
works and minimizes the load on the 
input circuit—Fig. 10 

register will be reset to O. Unless a 
reset of this type is desired, the 
functions X and Y may be the Q 

and Q outputs of a control flip-flop. 
The condition X = Y = 1 is not 
permitted. 
A synchronous binary decade 

counter may be modified to a count 
of ten as in Fig. 9. Its logic is 

— 
s. = a = obr 

1st stage 3rd stage 
R. = a = abc 

=abd r„ = abc = R. 
2nd stage 4th stage. 

Rb =  ab Rd = ad 

A full adder is shown in Fig. 10. 
Its logic is 

SUM = [(Ah + AR) 4- MAR + CI 

CARRY = (Aji AR 

This adder uses a minimum num-
ber of networks and minimizes the 
load on the input circuit. 

If minimum propagation delay is 
an important factor, adders and 
subtracters can be assembled which 
have a maximum of three gates in 
series, but these require more total 
networks. 
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MORE TARGET DATA WITH 

Single-sideband demodulator separates doppler return from targets 

moving toward and away from radar into two separate channels 

fo±fd 

DUPLEXER 
fd-fl 

fo 
(PULSED) 

(PULSED) 

BALANCED 
MIXER 

By JOHN B. THEISS, Project Director, 
Applied Research Laboratory, 
University of Arizona, Tucson, Arizona 

IF±f 

(f5-IF) 
CW) 

LOCAL 
OSCILLATOR 

(STALO) 

TRANSMITTER 

BALANCED 
MIXER 

1 F PHASE 
LOCK PULSE 

COHERENT 
OSCILLATOR 

(C01-10) 

(PULSED) 

IF AMPLIFIER 
AND AGC 

I F±fd 

(PULSED) 

- 

SINGLE 
SI DEBAND 

DEMOBILIZATION 
UNIT 

PLUS 
DOPPLER 

AUDIO 

MINUS 
DOPPLER 

AUDIO 

SPLAY 
SYSTEM 

IF PHASE 
REFERENCE (CW) 

t DISABLE GATE 

COHERENT 
OSCILLATOR 
is easily locked in 
phase with good 
free-running 
stability; V., is 
the oscillator tube 
—Fig 2 

VI 
6 COHO AK5 

LOCK 

PULSE 
INPUT 

47 

COHO OUTPUT 0 if  
1,000 

SYNCHRONIZER 
AND RANGE 

GATING 

1,200 

1,200 

IpF T  

V2 
6AK5 

3K 100 1,200 

1200 

30MC 

4105V 
2.5uH 

1,000m  

560 470 

,1,000 
-7. 

LOOKING INSIDE CLOUDS 

This pulse doppler radar was developed for 

the Institute of Atmospheric Physics at the 
University of Arizona to obtain accurate 
data on vertical movements of ice and water 

particles within clouds. This capability is 
needed in the study of storms that contain 
strong updrafts. Completely mobile, the 
radar has been in operation outside Tucson 
for several months and has been collecting 
data on the interior dynamics of clouds 

PHASE INFORMATION of each transmitted pulse is 
stored in the coherent oscillator and used as reference 
in the demodulator to sort out the plus and minus doppler 
frequencies—Fig. 1 

1,000 

2.5e 

3K 100 1,200 

1,200 

V6 
6096 

39µH 

1,000.1-

22 
 I(  

30 MC 

—1,200 

470 

-.1470 I 200 
C2 _L 
45 

9,a,H 

1 pFf 

6096 

100 -=-1,200 

COHO 
DISABLE 
GATE 

1 1,000 
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SIDEBAND COHERENT RADAR 

COHERENT PULSE RADAR, de-
veloped for cloud physics studies, 
measures vertical velocities of ice 
and rain particles. Its unique fea-
ture is its ability to separate dop-
pler return from rising and falling 
particles into two separate chan-
nels. The radar return from a mov-
ing reflector will change from pulse 
to pulse, and the time-rate of phase 
change is proportional to the radial 
velocity of the moving reflector. In 
addition, the phase is advanced or 
retarded depending upon whether 
the reflector is approaching or re-
ceding from the radar. In the con-
ventional "beat" method of doppler 
detection no provision exists for re-
solving the ambiguity that results 
when two targets move in opposite 
directions at the same speed. The 
phase-shift method' of single-side-
band demodulation is used to re-
solve this ambiguity. 

Output of the radar is velocity 
spectrum data of the particles as a 
function of altitude and the aver-
age power of the radar return. An 
automatic range stepping capabil-
ity allows any 500-ft altitude in-
crement between 500 and 60,000 
feet to be selected. Range incre-
ments are advanced in steps of 500, 
1,000, 2,000 or 4,000 feet. The time 
to scan in altitude is 0.66 second 
per altitude increment. 

Peak power output is 40 Kw; 
maximum coherent range is 60,000 
ft; pulse width is I ysec; frequency 
is X band (3 cm) ; pulse repetition 
rate is 4,000 pps; velocity range is 
-±20 meters/sec; velocity resolution 
is meter/sec; antenna is a 6-foot 
paraboloid, and the minimum de-
tectable power is —105 dbm. Fig-
ure 1 shows the complete system. 

TRANSMITTER—The transmit-
ter is conventional and uses an 
APG/32 modulator modified to gen-
erate a .1 µsec pulse at a repetition 
rate of 4 Kc. A 40 Kw tunable 
X-band magnetron is used. The 
prime requirement on the modula-
tor is that it produces a flat-topped 
pulse which does not frequency 
modulate the magnetron. Frequency 
modulation at an audio rate would 
be detected by the demodulation 

VERTICAL DISH used with coherent pulse doppler radar for cloud 
studies is mounted atop the mobile unit 

system as a false velocity. 
A portion of the magnetron out-

put is mixed with the stable local 
oscillator (stab) output. This 30-
Mc pulse initiates oscillation and 
locks the phase of a coherent oscil-
lator (coho) to that of the trans-
mitted pulse. 

LOCAL OSCILLATOR—The stalo 
provides a common mixing signal 

for both the i-f phase lock pulse and 
the reflected radar return. It con-
sists of a VA201B klystron stabil-
ized by a VA1280B cavity. The un-
loaded cavity Q is 110,000 and the 
stabilization factor is 120. To re-
duce frequency modulation of the 
klystron output, a d-c filament sup-
ply with less than 1-millivolt ripple 
is used. 

Overall short term stability of 
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the stab o output is one part in 10'. 
Such stability is necessary to de-
tect doppler frequencies as low as 
33 cps (i meter per sec.). 

COHERENT OSCILLATOR—The 
coho stores the phase information 

FROM 
I F AMPL 
I F ±fd 
(PULSED) 

FROM 
COHO 
I F PHASE 
REF (CW) 

SYNCHRONOUS 
DEMODULATOR 

90° PHASE 
DIFFERENCE 
NETWORK 

SYNCHRONOUS 
DEMODULATOR 

MINUS 
DOPPLER 

PLUS 
DOPPLER 

PULSE 
DIFFERENCE 
AMPLIFIER 

RANGE GATE 

PULSE 
DIFFERENCE 
AMPLIFIER 

LOW 
PASS 

FILTER 

of the transmitted pulse. A disable 
gate stops oscillations just prior to 
each transmitted pulse, thereby de-
stroying all previous phase infor-

mation. Thus each i-f phase-lock 
pulse initiates oscillations in phase 
with the carrier frequency of the 

BOX CAR 
DETECTOR 

BOX CAR 
DETECTOR 

13 
PHASE 
SHIFT 

LOW 
PASS 
FILTER 

DIFFERENCE 
AMPLIFIER 

a 
PHASE 
SHIFT 

SUM 
AMPLIFIER 

TO DISPLAY SYSTEM 

DEMODULATOR separates sidebands without the use of band-pass filters 
by comparing the phase of the i-f output with the phase of the coho output 
—Fig. 3 

I-F 
OUT-
PUT 1,000 pF 

CON() 
OUT-
PUT 

100 

+150V 0.0047 
/4--,\ 3.9 K 120/tH 

200 7360  11,, H,,..«,\A_,-,--,-,-,_ 
+250 _L 

10K 77-150VI2OjjH 

+150V 

29-33 pF 

0.53}¡H 

200 10K 

150K 

3.6K 

0.0047 

27 pF, 0.0047 

IK 
4150 V--"W\,-- -/  

1,000 pF 

1,000 1,000 

220K 

25K 
BAL 

7360 3.9K 120FI 

- 1:„1-,-•-,\AArsr 
3.9K 120,a1-1 

1,000 pF T  
25K 
BAL 

220K 

+250V 

+250 
VDC 

+250V 

TO 
PULSE 
DIFFER-
ENCE 
AMP LIF--
I ER 

TO 
PULSE 
DIFFER-
ENCE 
AMPL1F-
1ER 

SYNCHRONOUS DEMODULATORS using beam-deflection tubes include 
the 90-deg phase-shifting network of Fig. 3. The two channels are identical 
—Fig. 4 

+DOPPLER 

-DOPPLER 

FILTERS 
AMPL AND 

INTEGRATORS 

FILTERS 
AMPL AND 

INTEGRATORS 

SELECTOR 
SWITCH 

(10)  

OUTPUTS 

COMMUTATOR 
AND PWM 

DECIMAL 
COUNTER 
UNIT 

HELIX 
RECORDER 

DECIMAL 
PRINTER 

DISPLAY SYSTEM provides outputs to both a paper recorder and a 
decimal printer—Fig. 5 

transmitted pulse. The oscillator 
must be easily locked in phase but 
have good free-running stability'. 
Phase locking is performed at the 
lower i-f frequency rather than at X 
band because of the relative sim-
plicity of i-f locking as compared 

with r-f locking. 
A balanced mixer produces the i-f 

phase-lock pulse. This was found 
necessary because the coho would 
be shock excited by the large pedes-
tal produced from a single ended 
mixer. The balanced mixer reduces 
the pedestal sufficiently to avoid this 
trouble. 

In Fig. 2 V3 is the oscillator and 

its tank circuit is Li, C1 and C2. The 
remaining five tubes are amplifiers. 
The coho disable gate is applied to 
the control grid of 17‘. 
The phase of the carrier fre-

quency of any received echo pulse 
with respect to the phase of the 
transmitted signal is dependent 
upon the range of the reflector. If 
the range changes from pulse to 
pulse, the phase of the receiver car-
rier will also change from pulse to 
pulse. Range change during the 
transmitted pulse width is negli-
gible for all reasonable rainfall 
velocities. A target remaining at a 
fixed radial distance from the radar 
antenna will produce a zero phase 
change from one pulse to the next 
and will not appear in the output of 
the demodulation system. 
The reflected echo signals are re-

ceived by the antenna and are also 
heterodyned with the output of the 
stab o from X band to 30 Mc. Thus 
both the 30-Mc i-f output signals 
and the 30-Mc output of the coho 
preserve their relative phases. 
After amplification in the i-f am-
plifier, the 30-Mc pulses are applied 
to the demodulation. 

DEMODULATION — The phase-
shift method of single-sideband de-
modulation separates the plus and 
minus doppler frequencies. The de-
modulator, Fig. 3, compares the 
phase of the i-f output with the 
phase of the coho output and 
achieves separation of sidebands 
without band-pass filters. Since the 
phase of the i-f signal is changing 
from pulse to pulse for a moving 
reflector and the coho phase is con-
stant, the synchronous demodulator 
output has a frequency proportional 
to the rate at which the phase of 
the i-f signal changes. When the 
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ECHO 
INTENSITY 

SCOPE 
RECORDING 
of radar return 
from heavy cloud 
cover. Spike at 
extreme right 
(25,000 ft) is 
a —112 dbm 
reference 
signal—Fig. 6 ALTITUDE 2,500 FT/DIV., 

antenna beamwidth contains many 
reflectors moving at various veloci-
ties, the doppler output from the 
synchronous demodulators is an 
audio spectrum extending from a 
lower frequency corresponding to 
the slowest-moving particles to an 
upper frequency corresponding to 
the fastest-moving particles. 
The demodulator is divided into 

two identical channels except that 
the coho output signal is applied to 
the two channels 90 degrees out of 
phase. The synchronous demodu-
lators, Fig. 4, use type 7360 deflec-
tion tubes. With the c-w coho out-
put applied to the control grid and 
the i-f output applied in push pull 
to the deflecting plates, the i-f sig-
nal and the modulation products 
are in push pull at the two anodes, 
while the c-w signal components 
are in the same phase. The c-w 
components are cancelled in the dif-
ference amplifiers and the outputs 
of the pulse difference amplifiers 
consist only of the doppler compo-
nents, and harmonics of the 4-Kc 
repetition rate. After the pulsed 
signal is stretched in the box-car 
circuit, the audio frequencies are 
passed through a low-pass filter 
that removes frequencies above the 
doppler audio range. 
An additional phase-shift net-

work' in each channel following the 
low-pass filters increases the phase 
difference between the audio sig-
nals to 180 degrees. Thus, by simul-
taneously adding and subtracting 
these signals, an output will be ob-
tained from either the sum network 
or the difference network depend-
ing upon whether the i-f carrier 
phase lagged or led the coho output 
phase, that is, whether the reflec-

tors are receding or approaching. 
The rejection between channels 

is primarily dependent upon main-
taining constant gains and phase 
shifts in the two channels. Tests 
under normal maintenance and op-
erating conditions have shown the 
rejection to be approximately 25 db 
throughout the audio range of 30 to 
1,400 cps. 

DISPLAY—Output of the de-
modulator consists of two channels; 
one channel is the doppler return 
from falling particles, and the other 
channel is the doppler return from 
rising particles. The bandwidth of 
each channel extends from 33 to 
1,333 cps. 
To obtain a spectrum analysis of 

these two outputs, a display system 
was constructed of a bank of filters, 
commutating system, helix recorder 
that prints the spectrum data as 
line lengths, and a decimal printer 
that prints the spectrum data in 
decimals, Fig. 5. 

The filter system contains a bank 
of 20 filters covering the audio 
range of interest. The output of 
each filter is integrated and any 
10 adjacent integrator outputs can 
be selected by a switch for display. 
These ten outputs are commutated 
in synchronization with a helix re-
corder and energizes a pulse-width 
modulator (pwm). The pwm pro-
vides the helix current that records 
line lengths on the fax paper. The 
result is 10 recorded channels of 
doppler information for each alti-
tude. 
The filters use L-C components in 

a Q multiplier' to achieve narrow 
bandwidths. Each filter has a 3-db 
bandwidth of 16 cps. The fax re-

cording is primarily used for a 
quick look and indicates the general 
pattern of the spectrum. The 10 
commutation filter outputs also go 
to a decimal read-out system that 
drives a decimal printer to provide 
tabulated numerical data of the 
velocity spectrum. 

Pictures of the oscilloscope pres-
entation are taken every minute on 
35-mm film. This provides informa-
tion on the intensity of the radar 
return and the location of bright 
bands or layers of melting snow 
or ice, Fig. 6. An X-band test sig-
nal of known intensity is inserted 
into the waveguide system through 
a directional coupler and provides 
a means of determining the average 
power returned. Continuous 35-mm 
motion pictures of an oscilloscope, 
intensity modulated by the video re-
turn, provide a height-time history 
of the development of the storm. 
The author thanks Andrew Long-

acre of the Syracuse University 
Research Corporation and J. D. 
Gooch of the Coordinated Science 
Laboratory at the University of 
Illinois for their suggestions and 
assistance in obtaining drawings 
and information regarding a simi-
lar radar which was constructed at 
CSL several years ago. Thanks are 
also due J. Blanchard, D. Brum-
baugh and J. Frecker who contrib-
uted to this project. 
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VERSATILE SERVO AMPLIFIER 

For 50, 60 or 400-Cycle 

Up to the minute circuit design, construction tech-

have been used in designing this 10-watt solid-state servo 

By MICHAEL BODNAR 
Chief Electronics Engr. 
Diehl Mfg. Co., Somerville. N. J. 

THE PROBLEM of designing a 

transistor servo amplifier is an old 
one, but new components, tech-
niques and requirements allow for 
improvements. This design uses the 
newest transistors, zener diodes, 
transformers and other materials to 
achieve a small, high temperature, 
low cost, repairable servo amplifier. 
The amplifier delivers a maximum 
of 10 watts, and works on either 50, 
60 or 400 cps carriers. 

DESIGN CRITERIA—A servo am-
plifier must have low output imped-
ance for best motor performance, 
high input impedance to work from 
standard voltage sources, stable 
voltage gain and input impedance 
for servo-system reliability, and an 
insensitivity to poor power-supply 
regulation and high ripple. Phase 
shift in the amplifier instead of 
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PUT 
2 

INPUT 
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100 K 

CI 
6.8 
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shifting the motor reference is 
often considered; in this design, 
phase-shift networks were not used 
because they limit dynamic per-
formance at 60 cps and because 
voltage feedback is used around the 

whole amplifier. Gain adjustment 
must be external to the amplifier so 
that amplifiers can be interchanged 
without resetting gain controls. 
The schematic details the ampli-

fier circuit. The preamplifier and 
drive stages (Q, to Q,) are all d-c 
coupled through zener diodes. There 
is a d-c feedback around all four 
stages to produce stable biasing 
with temperature changes and to 
permit large component tolerances. 

The advantage of d-c coupling is 
appreciable in servo amplifiers be-
cause of the likelihood of long peri-
ods of saturation. If capacitor cou-
pling or bypass capacitors are used, 
they can charge during saturation 
and consequently delay the ampli-
fier's return to normal operation 
once the servo reaches null. 

NS 422 
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Even with d-c coupling, the input 
must be limited to protect over 

voltage on the first transistor and 
charging of decoupling input ca-
pacitors C, and C; this is done by 
diode pair D,-D. Input limiting is 
especially important in a servo am-
plifier since maximum output of a 
standard synchro can be 60 to 90 
volts. About 35 mv at input 1, or 
about 75 mv at input 2, produces a 
full output; both inputs may be 
used for signal mixing. 
A zener regulator (D.) is in-

cluded in the amplifier to allow for 
a maximum amount of power-sup-
ply ripple and poor regulation. 
Since a 22-volt zener is used, the 
preamp is insensitive to changes in 
the d-c supply that bring it to as 
low as 22 volts. The output transis-
tors (Q. to Qs) must be protected 
from over voltage, but ripple in the 
output is a minor effect, especially 
since the output signal will prob-
ably be in phase with the ripple. 
Zener D. increases quiescent drain 
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SERVO AMPLIFIER accepts a 50, 60 or 400-cps input, and delivers up to 10 watts to a 2-phase motor load 

44 electronics 



Operation 

niques and components 

amplifier 

in the preamp to about 15 ma. 

POWER STAGE—The drive power 
is supplied to the Darlington-circuit 
output stages (Q,-Q, and Q,-Q,) 
from a small, high-inductance 
transformer (T,). This transformer 
is critical, since it must operate on 
50, 60 or 400 cps. To achieve maxi-
mum inductance, enabling a 50 or 
60-cps square wave to pass, requires 
a special high-mu core and no d-c in 
the primary. Even the leakage of 
the 3.3-µf solid tantalum capacitor 
(G.) must be considered. 
Actually, T, is an inefficient 

driver transformer, but the power 
gain in the output transistors is a 
vast help. The need for a square-
wave drive is important in a servo 
amplifier. The square wave allows 
the output to exceed the normal rms 
output obtained from a 28-volt d-c 
push-pull amplifier. If a square 
wave is applied to the motor, the 
motor will filter the fundamental, 
whose peak is greater than the peak 
of the square wave. The square-
wave output also increases the am-
plifier's efficiency when it is supply-
ing maximum power. 

Low-frequency gain, however, 
should be kept to a minimum be-
cause of possible low-frequency os-
cillations. Even with the d-c feed-
back in the preamp, the use of d-c 
coupling produces high low-fre-
quency gain. This can be controlled 
by choosing the minimum d-c block-
ing capacitor (C.) to the driver 
transformer that will still pass a 
satisfactory square wave to the out-
put stage. 

Using silicon transistors in the 
output stage, the Darlington-cir-
cuits produce satisfactory thermal 
stability in the mechanical configu-
ration. The thermometer (R helps 

AMPLIFIER PACKAGING uses three printed-circuit wafers, which are 
connected by bus-bar feedthroughs 

by correcting for the resistive 
changes in the transformer sec-
ondary with temperature. 

Collector resistors R, and R3 of 
driver transistors Qn and Q, can be 
chosen to limit the maximum drive 
to output transistors Q0 and Q„, re-

spectively. This is excellent protec-
tion against shorting the output, 
since only a controllable current will 
flow, protecting the output transis-

tors during a short. 
The efficiency of the output stage 

will equal that of the ideal class B, 
especially as the output becomes a 
square wave. The only power loss 
will be the small standby current, 
about 40 ma at room temperature 
and 60 ma at 100 C, plus the loss in 
the 2-ohm emitter resistors (R, 

and Rn). 
Open-loop a-c gain is unusually 

high, due to the extremely high 
gain of the transistors in the pre-
amp and the high gain of the trans-
former - driver - Darlington - out-
put configuration. This open-loop 
gain, however, is reduced by a num-
ber of overall feedback loops to pro-

TRICKS OF 
AMPLIFIER'S DESIGN 

Direct coupling is used almost 
entirely. This results in: 
• minimum phase shift, hence 
less need for phase compensa-
tion on the input networks; 
• wider signal range; 
• fast recovery from satura-
tion. 
• The unit is compact, yet re-
pairable. Wafer subassemblies 
can be checked and replaced 
independently 

duce the desired servo performance. 

FEEDBACK—Since the amplifier 
works directly into a 36-volt center-
tapped motor, no feedback winding 
is available. This means that, for 
symmetrical feedback, both ends of 
the motor must be used for feed-
back. This two-phase feedback 
means that stages Q, and Q, in the 
preamp must be used and that the 
feedback gains are varied by resis-
tors in each feedback leg. 
With the two feedback loops, the 

overall voltage gain is reduced to 
about 1,000 from the input to across 
the motor. This strong feedback re-
sults in a high input impedance 
(about 40,000 ohms), low output 
impedance (about 20 ohms) and in-
sensitivity to component-parameter 
changes caused by temperature, age 
or manufacturing variations. 

Insensitivity to component pa-
rameters is important because 
wider tolerances are a source of sav-
ings in purchased parts as well as 
an improvement in dependability. 
Low output impedance is also im-
portant in a servo amplifier because 
the servo motor varies its loading 
effect as the speed reduces. 

In packaging the amplifier, the 
desired features were repairability, 
good heat transfer and the ability 
to operate in military environ-
ments. Round printed circuit wa-
fers are used with feed-through 
terminals around the edge for in-
terconnection (photo). A threaded 
can is the external package and 
the can is filled with aluminum-
oxide particles. With the proper 
density, the thermal gradient is 
quite a bit less than that obtainable 
with the standard epoxy fillers. 
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RESONANT-CAVITY TUNING Now 

Normalized curves permit predicting tuning results when using the simple 

adjustment technique of axially moving a discontinuity within the cavity 

By J. GREGG STEPHENSON 
Airborne Instruments Laboratory, 

Division of Cutler-Hammer Inc., 
Deer Park, N. Y. 

COAXIAL- CAVITY resonators 
are usually tuned by varying the 
length of the cavity with a movable 
plunger, of either the contacting or 
noncontacting type.' Design situa-
tions sometimes arise, however, 

co 

Co 

A 

when it becomes desirable or neces-
sary to keep the length of the cavity 
fixed and to tune by some other 
means. 
One method is to vary the value 

of a lumped shunt capacitance at 
a point of high electric-field inten-

sity in the cavity. Tuning ranges 
with this method can be predicted 
by laboriously calculating through 
trial and error the effect of the 
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CONDUCTOR 
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DIELECTRIC CONSTANT k 

(C) 

LOW-LOSS-
DIELECTRIC TUNING SLEEVE 

changed lumped capacitance. Prob-
lems may arise, however, because of 
the asymmetry of configuration and 
the difficulty of achieving the re-
quired change in capacitance and 
linearity of tuning without causing 
tuning noise. 

Another method is to move a 
coaxial discontinuity axially within 
the cavity; with this method, the 
configuration is radially symmetri-
cal and mechanically simple. Tun-
ing can be made noiseless by elimi-
nating rubbing metallic contacts. 
No d-c connection across the cavity 
is necessary, and the incremental 
tuning range can be made approxi-
mately constant and linear with an 
adjustable center frequency. By 
choosing a discontinuity of the 
proper size, large tuning ranges 
can be covered with only a small 
axial movement. Alternatively, a 
large translation per megacycle can 
be obtained for vernier tuning. 
This method has been used to ad-
vantage in stable local oscillators 
and similar applications where 
repeatable, noiseless, linear, in-
cremental tuning was required, 
combined with an adjustable center 
frequency.' 
A generalized solution to the 

problem of finding the parameters 
of a coaxial-cavity resonator to be 
tuned by a movable discontinuity is 
presented in normalized form. Solu-

PARAMETERS of a resonant co-
axial cavity with discontinuity tun-
ing. Discontinuity on inner con-
ductor, (A); discontinuity on outer 
conductor, (B); dielectric tuning 
sleeve on inner conductor, (C)— 
Fig. 1 
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Made Easy 

tions are given for a practical range 
of magnitude of the discontinuity 
—relative to the size of the cavity 
—and for the X/4, 3X/4 and 5X/4 
coaxial TEM resonant modes. These 
parametric solutions can predict 
the tuning range and linearity for 
a given dimensional configuration 
of cavity and discontinuity. They 
can also be used with linear inter-
polation to derive the dimensional 
configuration of a cavity and dis-
continuity for a desired tuning 
range. 

NORMALIZING PARAMETERS 
—The parameters of a coaxial-cav-
ity resonator that is tuned by a 
movable discontinuity or tuning 
sleeve are defined in Fig. 1. In 
deriving generalized parametric 
solutions for cavities with this 
method of tuning, three assump-
tions were made: (1) the internal 
cavity losses can be neglected, (2) 
the equivalent terminating capaci-
tance a is lumped at one end of the 
cavity and (3) the effects of fringe 
capacitance at the edges of the tun-
ing sleeve can be neglected. The 
first two assumptions result in neg-
ligible errors, but the third may re-
quire that a correction be applied 
to the tuning curves when the edges 
of the tuning sleeve are sharp. 
The coaxial cavity of length la 

has a characteristic impedance Z.; 
the tuning sleeve is regarded as a 
section of transmission line having 
a characteristic impedance Zi 
smaller than Z„ and a length d 
shorter than 1„. One end of the cav-
ity is short-circuited by a wall or 
plunger, while the other end is ter-
minated in a small lumped capaci-

L BAND STABLE LOCAL oscillator, using a discontinuity tuning sleeve 

tance Co. The movable discontinuity 
can be a metal sleeve that is either 
an enlargement of the center con-
ductor of the coaxial cavity, as in 
(A) of Fig. 1, or a shrunken sec-
tion of the outer conductor, as in 
(B) of Fig. 1. The tuning sleeve 
has highly conductive surfaces. 
The tuning noise resulting from 

metal-to-metal sliding contacts can 
be eliminated by inserting a thin-
walled cylinder of low-dielectric-
constant low-loss material between 
the sleeve and the inner or outer 
conductor of the coaxial cavity. The 
tuning sleeve can be moved axially 
by push rods that extend through 
one end of the cavity, or it can be 
moved by low-dielectric-constant 
pins that reach it through axial 
slots in the inner or outer conductor 
of the cavity. 
The tuning sleeve can be made 

entirely of a low-loss dielectric, or 
it can be made partly of dielectric 
and partly of metal; the tuning 
curves apply in either case, but the 
characteristic impedance Z', must 
be calculated as defined in Eq. 4 and 
the length d' must be calculated as 
in Eq. 5." 

Three types of tuning sleeves are 

illustrated in Fig. 1. The character-
istic impedances are related to the 
various dimensions by the following 
equations: 
Characteristic impedance of basic 
coaxial cavity 

Zo = 138 log 10 r i.° ohms (1) 

Characteristic impedance of discon-
tinuity on inner conductor 

ro 
= 138 logio ohms (2) 

r2 

Characteristic impedance of discon-
tinuity on outer conductor 

Z1 = 138 logo 1;3 ohms (3) 

When a tuning sleeve is composed 
of a solid material of dielectric con-
stant k, an equivalent character-
istic impedance Z',, and an equiva-
lent length of d' must be used in Eq. 
8 or 9 and in referring to the tun-
ing curves. 
Equivalent characteristic imped-
ance for dielectric sleeve on inner 
conductor 

Z ,1 = ZO1 ZO2 

- 1 
- k — — 2)   (4) 
2 Zol+Zo2 

where' 

MOVING A DISCONTINUITY 

Although a coaxial cavity resonator can be tuned by axially 
moving a discontinuity within the cavity, the method is not 
widely used, because it is hard to predict tuning range and 
linearity for a given cavity. But movable-discontinuity 
tuning has several advantages. And generalized parametric 
solutions, reduced to normalized curves, can simplify pre-
diction of results 
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27rvCoZo 

138 
Zo, (- N1 — 1)gio k• 

Zo2 = 138logio (-rr°) 

Equivalent normalized length 
dielectric sleeve 

X0 xo 
)( Zo 

=  

where d = physical length of sleeve, 
and d' = equivalent length of 
sleeve. 

Referring to Fig. 1, the resonant 
wavelength X,, of the basic coaxial 
cavity with no discontinuity is 

ity can be obtained by dividing the 
cavity at some arbitrary plane per-
pendicular to the axis and equating 
the impedances seen looking in each 
axial direction. The normalized 

of equation is 

- tan 27r ( /0 ) X0  

(5) 

(6) 

where 
X. = the resonant wavelength of the 
basic coaxial cavity in cm, C„ = the 
equivalent, terminating, lumped ca-
pacitance in fd, Z„ = the character-
istic impedance of the basic coaxial 
cavity in ohms, = the velocity of 
propagation, 3 x 10' cm/sec, and 
/0 = the total length of the coaxial 
cavity in cm. 

Note (Fig. 1) that 

lo=x+d -1-y (7) 

Define Xo and I,, as in Eq. 6 and 
7, introduce the normalizing param-
eter X/X„ in which A is the tuned 
wavelength in cm. The equation de-
fining resonance in the coaxial cav-
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For the special case where C. = 
0, 1,, = mXI4 (m = 1, 3, 5, etc), and 
the equation becomes 

Cot 277-( )(4 ) = 
xo x 

Z0 

Zo - tan 2r ( d )( X()) X0 X 

Zr 

+tan 2r 

Zi 
—tan 27r 

Zo 

Go)( XX°) 
\00\ 

0) X 

tan 2r ( X0 
Xo ) 

(9) 

The transcendental equations de-
fined by Eq. 8 or 9 can be solved in 

5 10 

various ways, but each solution re-
quires a converging, iterative ap-
proach. To obtain useful general-
ized tuning curves, many solutions 
must be obtained and plotted. It 
was found most convenient to ob-
tain the solutions by the Smith 
chart,' using systematic substitu-
tion and interpolation. The curves 
are subject to slight inaccuracies 
in calculation and plotting, but are 
sufficiently accurate for most en-

gineering purposes. 

EFFECTS OF ASSUMPTIONS— 
Cavity losses can be made 1 ow 
enough to be negligible, and the 
principal effect of the loading of the 
lumped capacitance C. is to shorten 
the length 1„ of the cavity for a 
given resonant wavelength A. This 
means that the displacement x of 
the tuning sleeve from the short-
circuited end of the cavity cannot 
be as large when C. is finite as 
when Co is 0. The basic tuning 
curves, however, are valid for at-
tainable values of x/Xo. 
The fringe capacitance created 

by a tuning sleeve with sharp edges 
has a significant effect on the tun-
ing curves. By comparing measured 
values with calculated values of 
resonant wavelengths in the 15 to 
60-cm region, it was observed that 
the total tuning range covered by 
a tuning sleeve with sharp edges 
was actually somewhat greater than 
that predicted by the tuning curves. 
This effect correlates well with the 
magnitude of the total discontinu-
ity capacitance C,,, at the sharp 
edges of the tuning sleeve, as de-
fined by Whinnery, Jamieson, and 
Robbins.' In all cases, fringe effects 
caused a slight increase in the mini-
mum tunable wavelength X/x,, and 
a greater increase in the maximum 
tunable wavelength X„,o„/Xo. 

Figure 2 shows the average cor-
relation between the total discon-
tinuity capacitance C,, (twice the 
capacitance at one edge of the tun-
ing sleeve) and the tuning limits 

and X,,,,,x/Xo for various values 
of d/X„ and in various resonant 
modes. Figure 3 enables determina-
tion of the approximate value of the 
total discontinuity capacitance for 
a sharp-edged coaxial tuning sleeve. 
Where a sharp-edged tuning sleeve 
is used, the accuracy of prediction 
of the tuning limits can be improved 
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by using Fig. 2 and 3. Corrections 
for discontinuity capacitance are 
less significant for incremental tun-
ing than for total-range tuning. The 
effects of discontinuity capacitance 
can be minimized by rounding or 
chamfering the edges of the tuning 
sleeve. The effects of discontinuity 
capacitance are small for values of 
Z, Z„, greater than 1/2, as shown in 
Fig. 3. 

NORMALIZED CURVES — Nine 
charts of normalized tuning curves 
(Fig. 4) have been derived, using 
the resonant wavelength X. of the 
coaxial cavity as the reference 
wavelength. The curves reveal the 
variation of X/X, as a variable 
function of x/X„, where XIX, is the 
normalized resonant wavelength, 
and x/X, is the narmalized dis-
tance from the short-circuited 
end of the cavity to the tuning 
sleeve. The three most common 
modes (X/4, 3X/4 and 5X/4) are cov-
ered in the nine charts. Three val-

ues of the normalized sleeve length 

d/X„ were chosen: 0.02, 0.05 and 

0.08. Finally, three values of the 

ratio of the characteristic imped-

ance of the discontinuity to that of 
the basic coaxial cavity Zi/Z„ were 
selected for the families of curves: 

2/3, 1/3 and 1/5. 
These values of the parameters 

cover most of the range of interest 
for tuning. It is possible to inter-
polate linearly, with little error, to 
find solutions that fall between the 
curves. The corrections for discon-
tinuity capacitance (Fig. 2 and 3) 
should be applied when sharp-edged 
tuning sleeves are used and when 
the greatest accuracy in predicting 
total tuning range is desired. 
The examples illustrate how the 

generalized tuning curves can pre-
dict tuning ranges or design discon-
tinuity-tuning sleeves to attain a 
desired tuning range and linearity. 
Because of the method of deriva-
tion and plotting, results should be 
accurate within about 10 percent 
when the corrections for disconti-
nuity capacitance are included. The 
charts should help in predicting the 
approximate maximum tuning 
range obtainable, the linearity of 
tuning for various values of x/X„, 
and the effects of changes in the 
resonant TEM mode. Linear in-
terpolation between plotted values 

t-, 
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TOTAL discontinuity capacitance for coaxial tuning sleeves per centi-
meter of circumference at edge of step—Fig. 3 

TABLE—REsuurs Fitmt clt \ins FOR EXAMPLE 3 

il Z4 1 
— = 0.08 anti - = 

Zo 3 

Xmit, 
Final Corrected Values 

Xe XO Maximum Minimum 
From Correeted Frian Corrected Frequency Frequency 

Mode Curo es for Cd Curo es for Cd (Mc) (Mc) 

1.15 1.51 0.80 0.805 1,117 596 

1.182 1.23 0.93 0.936 962 732 

1.110 1.153 0.95 0.957 910 778 
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NORMALIZED tuning curves give tuning range, in te ruts of wavelength against displacement, for different 

of dA„ and Z,/Z, provides results 
sufficiently accurate for most engi-
neering purposes. 

EXAMPLE 1-Suppose that the 
size and location of the sleeve of a 
3X 4 mode coaxial-cavity resonator 
are to be determined so that it can 
be tuned between X = 24 cm and X 
= 21.4 cm (1,250 Mc to 1,400 Mc). 
The characteristic impedance of the 
resonator is 50 ohms, and the 
lumped terminating capacitance C,, 
is 1.9 pf. Total linear motion of the 
tuning sleeve can be 1.5 cm maxi-
mum. 

Choosing d/X„ = 0.08, Fig. 4F 
shows that the best linearity of tun-
ing can be obtained at wavelengths 
longer than X„. Therefore select X° 
to be 21.4 cm. The normalized 
linear motion of the sleeve can be 
called Ax/X0 and is equal to 1.5/21.4 
or about 0.07. The curve for ZdZo = 
1/5 in Fig. 4F shows that X/X0 = 1 
at x/X,, = 0.383. Subtracting 0.07 
and going to x/X„ = 0.313 on the 
curve (the other extremity of sleeve 
motion permitted), X/XO has changed 
to 1.15. This exceeds the desired 

limit of 1,250 Mc, where X/X„ 
1.122. It is therefore necessary to 
interpolate between values obtained 
from the curves for Zi/Z0 = 1/5 
and Z,/Z„ = 1/3. Linear interpola-
tion yields a value of ZdZo = 0.265, 
or Z, =- 13.2 ohms. The approximate 
dimensions for the tuning sleeve 
can then be calculated from this 
value of Z,. 

Figure 4F reveals that the fre-
quency will increase with the di-
mension x if x/X0 lies between 0.30 
and 0.40. Between x/k,, = 0 and 
x/X„ = 0.20, the frequency would 
decrease with increasing values of 
x. In the vicinity of x/X,, = 0.25, 
a reversal of the tuning direction 
would occur. Since incremental tun-
ing is the principal interest here, 
corrections for discontinuity-capac-
itance effects can be omitted with-
out introducing serious errors, 
particularly if the edges of the 
tuning sleeve are rounded ap-
preciably. 

EXAMPLE 2-The second example 
involves the determination of loca-
tion and motion of the sleeve in a 

5X/4 mode coaxial-cavity resonator, 
where Co = 1 pf, Xo = 10 cm, Z„ 
30 ohms, Z, = 17 ohms, d = 0.8 cm. 
The total desired incremental tun-
ing range is 70 Mc. 
From equation 1, l,/X, = 1.167, 

and l„ = 11.67 cm in this case. Be-
cause Z1/Z, = 0.567, it is necessary 
to interpolate from the curves in 
Fig. 41, à fit° = à x„IX = 0.02335. 
Figure 41 shows that good linearity 
of tuning can be obtained in selected 
regions of x/X0; for example, for 
x/X0 = 0.52 to 0.65. A motion of 
about 0.7 cm (from x = 5.3 cm to 
x = 6 cm) of this tuning sleeve is 
required to produce a frequency 
change of 70 Mc at the center fre-
quency of 3,000 Mc. As before, the 
discontinuity-capacitance correc-
tion was omitted, because only in-
cremental tuning ranges are of in-
terest. 

EXAMPLE 3-It is desired to find 
the maximum tuning range near 
900 Mc (33.3 cm) on various modes 
for a coaxial cavity of Zu = 77 
ohms, using a movable metallic 
sleeve of length d/X„ = 0.08, and 
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with the relative magnitude of the 
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X/4 mode and becomes progressively 
smaller on the 3X/4 and 5X/4 modes. 
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New Aerospace Transmitter 

Packs 3-Watts in Fist-Sized Can 

Operating between 215 and 260 Mc, this telemetry transmitter has capacity to 

operate at high temperature and under large mechanical stresses. Frequency 

stability is attained by mixing f-m modulator and crystal oscillator outputs 

By B. W. PATTON, Sr. Eng., Electronic Communications, Inc., St. Petersburg, Florida 

THIS F-M SOLID STATE trans-
mitter was developed to meet 
NASA specifications for rocket-
borne telemetry transmitters oper-
ating between 215 and 260 Mc. Pri-
mary considerations were 2 watts 
minimum power output and pro-
longed operation at 85 deg C ambi-
ent. Overall dimensions were set at 
3 in. x 4 in. for the base and 3i 
in. in height with a total weight of 
32 ounces. 

OVERALL DESIGN—To operate 
at high temperature with better 
than 2 watts r-f output, the trans-
sistors in the power amplifier and 
the varactor in the frequency tripler 
must be specially mounted. The col-
lector of each transistor is securely 
mounted to the power-amplifier 
case, using the complete transmitter 
chassis as a heat sink. Likewise, the 
cathode of the varactor is connected 
directly to the frequency tripler 
case. 

Frequency instability over wide 
environmental changes is minimized 
by mixing the output from the f-m 
modulator with the output of a 
crystal-controlled oscillator. Fre-
quency stability is therefore pri-
marily determined by the crystal-

controlled oscillator (depending 
upon the ratio of the respective fre-
quencies). 

Large mechanical stresses from 
shock, acceleration and vibration 
and high altitude problems are al-
leviated by potting all modules, ex-
cept the r-f board, with a rigid, low 
dielectric constant, foam-in-place 
resin. 
The transmitter is shown in the 

photo and in Fig. 1. Closed dotted 
lines separate modules. A nominal 
power of 7 watts, within the fre-

DESIGNERS' CORNER 

When communication -type 
transistors and varactors be-
gan to come along over the 
past few years, the production 
of several watts of r-f power 
with solid-state devices at vhf 
ceased to be a problem. How-
ever, to get this power in a 
compact package that would 
operate over a wide range of 
environmental conditions was 
something else again 

quency range of 72 Mc to 87 Mc, is 
generated with transistors; this 
frequency is multiplied by a fre-
quency tripler, using a varactor, to 
obtain the output frequency with a 
nominal power of 3.5 watts. An-
other combination that can obtain 
the required frequency and power 
is a transistor exciter followed by 
frequency doublers or quadruplers; 
however, tripling provides a com-
promise between the advantages 
and disadvantages of each. At these 
frequencies, the gain of vhf power 
transistors falls off at 6 db per 
octave; consequently, the lower the 
frequency of operation, the higher 
the efficiency. This frequency is 
limited by the power that can be 
generated by the final power tran-
sistor or transistors and the power 
that can be handled by the varactor 
in the following frequency multi-
plier. At the time this development 
started, the maximum power dissi-
pation of varactors was i watt. Fre-
quency tripiers are slightly more 
inefficient than doublers (nominally, 
70 percent as compared to 80 per-
cent, but a power-gain loss of 3.5 db 
would occur in the final transistor 
power amplifier if it were operated 
at one-half instead of one-third the 
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output frequency. 
General specifications are: input 

voltage—+28 y d-e; deviation-125 
Kc/v; modulation frequency-100 
cps to 125 Kc; distortion— 1 per-
cent; temperature— —20 deg C to 
+ 85 deg; frequency stability-
0.01 percent; spurious radiation-
-60 db. 
The transmitter is fixed-tuned 

and covers the telemetry band from 

215 to 260 Mc. Only one crystal has 
to be changed to change frequency. 
A field-intensity receiver, wattmeter 
and r-f voltmeter are required to 
tune the transmitter. 

F-M MODULATOR—The modu-
lator consists of an oscillator, buffer 
amplifier and afc loop using a dis-
criminator as the frequency-sensing 
element. Oscillator frequency is 
varied by applying the modulating 
voltage across a varactor in a tuned 
circuit. Exact circuit description is 
withheld due to possible patent 
rights. The oscillator can be devi-
ated ±.-50 Kc at a center frequency 
of 20 Mc with one volt rms of 
modulating voltage. No preamp is 
required for amplifying the modu-
lating voltage. Frequency response 
is from 50 cps to 250 Kc with a 
distortion figure typically 0.8 per-
cent up to 100 Kc. The buffer ampli-
fier consists of a grounded-base cir-
cuit and isolates the f-m oscillator 

from load changes and amplifies the 
20 Mc carrier before it is applied 

to the discriminator. The discrimi-
nator is a balanced type using two 
L-C parallel resonant circuits tuned 

200 Kc above and below the carrier 
frequency (Fig. 2A). Coils L, and 
L, are wound on a Rexolite form 
to minimize inductance change with 

temperature. Capacitors C, and C2 
are NPO (negative-positive-zero). 
Linearity must be good so that cen-
ter frequency does not shift as the 
carrier is deviated. Initially, a bal-
anced discriminator with crystals 
75 Kc above and below center fre-
quency was used. However, crys-
tals are subject to spurious modes 
at higher modulation rates, typically 
20 Kc and up, and produce a center-
frequency shift. Output of the dis-
criminator is passed through a two-
section low-pass r-c filter to a d-c 

amplifier. Overall loop gain is 15. 
The correction voltage from the d-c 
amplifier is fed back to a varactor 

MOD 

POWER SUPPLY 

28V D-C 
(NOM) 

R-F BOARD 

1-30 V 

+22 V 

50 V 

DOTTED LINES represent separate modules of 3-watt transmitter— 
Fig.1 

+22V 

R-F IN 
FROM 
BUFFER 
AMPL 

(A) 

L1-C1 TUNED TO 19.8 MC 

L2 C2 TUNED TO 20.2 MC 

INPUT FROM F-M MODULATOR 

DISCRIMINATOR and d-c 

ERROR 
SIGNAL 

amplifier (A) and local oscillator (B)—Fig. 2 

R-F 
OUT 
TO 
AMPL 

FOR AEROSPACE telemetry, this solid-state transmitter delivers several 
watts of r-f power 



in the f-m oscillator to correct for 
frequency drift. 

R-F CIRCUIT BOARD—As shown 
in Fig. 1 the r-f board consists of 
a mixer, oscillator and three stages 
of r-f amplification. Mixing is em-
ployed to reduce the frequency 
stability requirement of the f-m 
modulator. The local oscillator (Fig. 
2B) is a grounded-base Colpitts 
with the crystal operating in the 
series mode between base and 
ground. The oscillator is tunable 
over the range of 52 to 67 Mc and 
has a stability of 0.002 percent 
from —20 deg C to + 85 deg C. 
Output voltage from the local oscil-
lator to the mixer is 3 volts rms. 
A balanced mixer (Fig. 2B) is 

required to eliminate spurious fre-
quencies at the output of the mixer. 
Since the output frequency of the 
mixer is the sum of the local oscil-
lator frequency and f-m modulator 
frequency, a number of spurious 
frequencies would be generated 
around the desired output frequency 
that would be impossible to filter 
out without a balanced circuit. Sig-
nal from the f-m modulator into the 
mixer is 0.3 volt. Excessive drive 
from the modulator produces large 
spurious signals. Conversion gain of 
the mixer is typically 6 db with a 
power output of 5 mw. 
Three cascaded stages amplify 

the mixer output to 0.5 watt; pro-
viding a power gain of 20 db. The 
stages are grounded emitter and 
unneutralized. The first two r-f 
stages use 2N2218 transistors and 
the last stage uses a TA1938 due to 
the increased power level. Heat 
radiators are used in the last two 
stages to increase the transistor 
heat dissipation. Output impedance 
is 50 ohms. 
The power amplifier consists of 

two 2N1709 transistors, cascaded 
to provide a power gain of approxi-

mately 11.5 db and 7 watts ot power 
in the frequency range of 72 to 87 
Mc. A schematic of the final power 
amplifier is shown in Fig. 3A. Both 
stages are identical except for the 
method of output coupling. The cir-
cuit is a common-emitter amplifier 
with the collector connected to the 
chassis for heat sinking; L, is a 
neutralizing coil and tunes out the 
internal capacitance between col-
lector and base. Each stage operates 
class C since there is no bias ap-
plied. Efficiency of the final PA is 
55 percent. Output impedance is 50 
ohms. 

TRIPLER—The tripler is depicted 
in Fig. 3B. Its single varactor uses 
self bias. Input to the tripler is 50 
ohms, coupled through a coaxial 
cable from the power amplifier. 
Since the input to the tripler is 
highly reactive, until properly 
matched, care must be observed in 
tuning the tripler; the power ampli-
fier will oscillate if not properly 
terminated. This is accomplished by 
inserting an in-line wattmeter be-
tween the power amplifier and the 
tripler and tuning for a null in the 
reflected power, which indicates a 
true 50-ohm match. The flow of 
fundamental currents is shown in 
Fig. 3B.: C",, and L2 are tuned to 
parallel resonance at £0, and C5 and 
L4 are parallel resonant at <4,,, to 
reduce the harmonic content of the 
output frequency; C, and L., with 
associated circuits, are tuned to the 
second harmonic frequency to form 
a second harmonic idler circuit. A 
flow of second harmonic current is 
necessary in a shunt-type circuit to 
form higher harmonic voltages. Due 
to the low impedance of the var-
actor, large r-f currents flow in the 
tripler and it is important that all 
components have high Q's for good 
efficiency. All capacitors use quartz 
dielectric and coils are air wound. 

A band-pass filter (215 to 260 
Mc) is located between the output 
connector and the tripler to reduce 
spurious frequencies. The filter is 
fixed tuned and requires no adjust-
ment after initial alignment. 

CONVERTER—The d-c to d-c con-
verter is of conventional design 
using two silicon transistors, 
transformer coupled and oper-
ating push pull. Switching fre-
quency is 2 Kc. Two secondary 
windings provide +30 volts and 
—50 volts output. Each output volt-
age is rectified in a full-wave bridge 
network. The +30 volts is fed to a 
single transistor regulator to pro-
vide a regulated +22 volts. Overall 
efficiency of the converter is 85 per-
cent. 
The r-f output and input imped-

ance of each module of the trans-
mitter is 50 ohms, connected by 
coaxial cables. Designing all input 
and output impedances for 50 ohms 
causes some redundancy between 
modules but it allows ease in align-
ment and checkout of each module 
and makes them adaptable as build-
ing blocks for other applications. 
The power amplifier and tripler 
module are mounted on the base 
plate of the chassis to minimize the 
thermal resistance between the 
modules and an external heat sink. 
Modular construction is employed 
to isolate the stages electrically and 
to provide rigid mechanical mount-
ing for high shock and vibration. 
A single connector, containing a 
coaxial plug, is used for external 
connection to the transmitter. 
The unit is being tested under 

various environmental conditions. 
The author acknowledges the help 

of N. L. Downs, Sr. Eng., who de-
signed the frequency multiplier and 
band-pass filter and D. W. Gwin, 
Jr. Eng., who designed the power 
amplifier. 

FINAL POWER amplifier (A) and tripler (B) employed in telemetry transmitter—Fig. 8 

54 electronics 



both 

ÀSERIAL NO.1110.1Mi 
— 0.1 > — MI 

CC e wto u) co — 
I-I-

N Sr e 10E-40010 — N “") e to r- co en 

N>  

la 1- 10 

ill HD 1 11 

ONE FOR THE BLOCKHOUSE ONE FOR THE BIRD 
Tested, proved, ready for work . . . Delco's new 10 mc 

Silicon Digital Modules are available in either building 

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

electrically. Either way, these modules meet or exceed 

all MIL-E-5272D (ASG) environmental requirements. 

In the blockhouse, the plug-in card package offers 

extreme accuracy and reliability with a gate-switch speed 

of 40 nanoseconds. The building block pack-

age and the card offer the same high speed 

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

suited to airborne guidance and control, the 

building block package is environmentally 

DELCO 

RADIO ABILITY 

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

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

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

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

modules are designed for systems using from one 

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

ance considers the problems of interconnection. Delco 

Radio can offer both 10 mc module packages 

off-the-shelf or can supply circuits to meet 

your specific needs. Write Delco Radio Military 

Sales Department, Kokomo, Indiana. 

Division of General Motors • Kokomo, Indiana 
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RESEARCH AND DEVELOPMENT 

Microwave Radiation Probes Shock Plasma 

Millimeter waves can 
measure electron density 
without affecting plasma 

ELECTRON DENSITY and con-
centration in shock-induced plas-
mas can be measured by a method 
developed by E. G. Schwarz and 
H. H. Grimm, General Electric Co. 
in Syracuse in a plasma instru-
mentation project (see cover). 
The shock-excited plasma, con-

tained in a cylindrical glass-lined 
metal tube, is investigated with 
microwave instrumentation, see 
Fig. 1. The plasma moves from 
right to left. Two microwave sig-
nals are launched into the plasma. 
A high-power 8.3-Gc signal is trans-
mitted from left to right along the 
tube. Its transmitter consists of 
four Varian 823 klystrons in paral-
lel, rated at 20 Kw nominally, 80 
Kw peak. Tubes with c-w capabil-
ity are used to sustain a pulse of 
several milliseconds duration. The 
signal is passed through a circula-
tor to separate incident and re-
flected power existing in the test 
region. The second microwave sig-
nal, at 60 Ge, is a low-level diagnos-
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THIN GLASS PRESSURE FROM 
LINING 

10-6 MM OF Hg PSLOUre 
4______ 
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SHOCK TUBE waveguide assembly with blow-out section shows hou 
measurement is made by injecting 8.3-Gc r-f power from lower left, and 
diagnostic 60-Ge r-f across plasma at top right—Fig. 1 

tic signal which propagates perpen-
dicularly to the shock tube axis. 

MICROWAVE SYSTEM — Trans-
mitters and receivers for both 
microwave signals are phase-stable 
equipments using superhetero-
dyne receivers, limiting amplifiers 
and phase detectors, see Fig. 2A. 
They are designed to measure and 

MEASURING PLASMAS 

Conventional means of measuring electron density and dis-
tribution within a plasma tend to affect the plasma's proper-
ties, and thus introduce inaccuracies. By irradiating a 
plasma with microwave r-f signals and measuring the effect 
on the signals, accurate plasma measurements can be made. 
The method for doing this was described by H. L. Bunn 
in ELECTRONICS, April 7, 1961, on p. 71. 

This improved method is fast: a measurement is made 

in a fraction of a microsecond. This makes it suitable for 
measuring short-lived shock induced plasmas, that exist for 
only milliseconds, and cannot be accurately measured by 
any other means. Such plasmas occur during space vehicle 
reentry and may cause the communication blackout 

record the magnitude and phase of 
received signals as a function of 
time. Bandwidth of the receivers 
is 5 megacycles, a large value for 
a phase-stable receiver using limit-
ing amplifiers. Time required for 
measuring a step in phase is about 
0.25 microsecond. 

The 8-Ge portion of the equip-
ment is fully phase coherent. The 
signal originates in the 8-Ge oscil-
lator, then goes to a single-sideband 
modulator and to the receiver 
mixer. The modulator is also driven 
with a 30-Mc oscillator; the signal-
sideband output is thereby offset by 
30 Mc. This signal is amplified, 
passed through the circulator, and 
introduced into the terminated test 
section containing the plasma. 

MEASUREMENT SIGNALS — 
Five outputs are available to the 
receiver. One is a portion of the 
wave reflected from the plasma; 
this shows the large doppler shift 
to be expected from a high-speed 
plasma front. The other four out-
puts come from fixed metal probes 
along the circular metal shock 
tube; the principal interest in these 
signals centers around transmis-
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What name is on the first 1.5 Mc recorder? AMPEX 

Here it is: a 1.5 Mc per track, multi-track re-
corder! And Ampex is the first to have it. It's 
called the FR-1400. It will give you the broad-
est bandwidth yet in longitudinal recording. 
What's more, it utilizes solid state electronics 
throughout—all in one rack. It has four speeds, 
each electrically switchable with no adjust-
ments needed. And it comes with tape search 
and shuttle to provide quick data location and 
permit any portion of the tape to run repeatedly 
without operator attention. What about per-

formance? Outstanding! It offers better rise 
time and minimum ringing on square waves, 
low intermodulation distortion, and improved 
flutter. Ampex also brings you a new 1.5 Mc 
tape. In both you'll find the same engineering 
precision, the same superior quality, that has 
made Ampex first in the field of magnetic re-
cording. Write the only company providing re-
corders and tape for every application: Ampex 
Corp., 934 Charter St., Redwood City, 
Calif. Worldwide sales and service. 

AMPEX 
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MALLORY WET SLUG 
TANTALUM CAPACITORS 

The original high 
reliability, high 
temperature tanta-
lum capacitor. On 
40,000-hour tests 
Mallory type XT 
capacitors have 
twice the antici-
pated mean time 
to failure of com-
parable tantalum 
capacitors. 8 mod-
els: ratings up to 
200°C. Write for 
complete data. 

Even the cleanest of hands carry minute traces of moisture and contaminants 
that can eventually wreck a tantalum capacitor. That's why "no hands" is the 
order of the day at the Mallory capacitor plant at Greencastle, Ind. Only freshly 
laundered cotton or sterile rubber gloves are ever permitted to touch assemblies 
during critical manufacturing operations. 

Surgical cleanliness is routine at our ultra-modern tantalum capacitor facility, 
where every possible means of assuring quality was engineered into the pro-
duction line when it was built. All this extra care pays off in the product; 
Mallory tantalum capacitors consistently equal or exceed MIL specs for electrical 
parameters and resistance to environmental conditions. Mallory Capacitor 
Company, Indianapolis 6, Indiana. .. a division of P. R. Mallory & Co. Inc. 

WET SLUG, FOIL AND SOLID TANTALUM CAPACITORS 
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Mallory tantalum capacitors 
delivered from stock at factory 
prices by these distributors: 

Baltimore. Md. 
Radio Electric Service 

Binghamton, N.Y. 
Wehle Electronics 

Birmingham, Ala. 
MG Electronics & Equipment Co. 

Boston, Mass. 
Cramer Electronics 
DeMambro Radio Supply Co. 
Lafayette Radio 
QPL House, Inc. 

Bridgeport, Conn. 
Westconn Electronics 

Buffalo, N.Y. 
Summit Distributors, Inc. 

Chicago, Ill. 
Allied Electronics Corp. 
Newark Electronics Corp. 

Cincinnati, Ohio 
United Radio 

Cleveland, Ohio 
Pioneer Electronics 

Dallas, Texas 
Engineering Supply Co. 
Hall-Mark Electronic Corp. 

Dayton, Ohio 
Stotts-Friedman Co. 

Denver, Colo. 
Denver Electronics 

Houston, Texas 
Harrison Equipment Co., Inc. 
Lenert Company 

Indianapolis, Ind. 
Graham Electronics 

Los Angeles, Calif. 
California Electronics 
Kierulff Electronics, Inc. 
Lynch Electronics 
Radio Product Sales 

Minneapolis, Minn. 
Northwest Electronics Corp. 

Montreal, Que. 
Canadian Electrical Supply Co. 

Mountainside, NJ. 
Federated Purchaser, Inc. 

Muskegon, Mich. 
Fitzpatrick Electric Co. 

Nashville, Tenn. 
Electra Dist. Co. 

Newark, N.J. 
Lafayette Radio 

New York, N.Y. 
Harrison Radio Corp. 
Harvey Radio Co., Inc. 
Lafayette Radio 
Milo Electronics 
Terminal Hudson Electronics 

Oakland, Calif. 
Elmer Electronics, Inc. 

Oklahoma City, Okla. 
Radio, Inc. 

Orlando, Fla. 
East Coast Electronics 

Ottawa, Ont. 
Wackid Radio-TV Lab. 

Palo Alto, Calif. 
Zack Electronics 

Perth Amboy, NJ. 
Atlas Electronics 

Philadelphia, Pa. 
Herbach & Rademan 
Philadelphia Electronics 

Phoenix, Ariz. 
Kierulff Electronics, Inc. 

Pittsburgh, Pa. 
Radio Parts Co. 

Salt Lake City, Utah 
Kimball Electronics 

San Antonio, Texas 
Perry Shankle 

San Francisco, Calif. 
Kierulff Electronics, Inc. 

St. Louis, Mo. 
Olive Electronics 

Seattle, Wash. 
F. B. Connelly Co. 

Tampa, Florida 
Thurow Electronics, Inc. 

Toronto, Ont. 
Alpha Aracon Radio Co. 
Electro Sonic Supply 
Wholesale Radio & Electronics 

Tulsa, Okla. 
Engineering Supply Co. 

Washington, D.C. 
Capitol Radio Wholesalers 
Electronic Industrial Sales 

White Plains, N.Y. 
Westchester Electronic Supply Co., Inc. 

Winston-Salem, N.C. 
Electronic Wholesalers Inc. 
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meter wave probing system for CO Gc, (B)—Fig. 2 

sion through the plasma. After the 
plasma passes, the doppler shift 
here is negligible. Since the test 
section is well terminated the reso-
nances in it are small. 
The receiver mixer receives both 

the original oscillator signal and the 
single-sideband signal transmitted 
into the plasma; a signal near a 
30-Mc output frequency results, 
that differs from 30 Mc by the 
doppler frequency. The phase of 
this signal is compared with the 
phase of original 30 Mc used to 
drive the ssb modulator, and two 
outputs are obtained. One gives the 
phase of the signal from the plasma 
region, the other its magnitude. 
The c-w outputs available at 60 

Ge are low, and ssb modulator per-
formance is poor. This resulted in 
another arrangement, shown in Fig. 
2B, to obtain a phase-coherent 
measurement system. Two oscilla-
tors near 60 Ge are phase-locked 
with a 30-Mc frequency difference. 
One of the 6O-Ge signals, the con-
trolled one, provides the signal in-
jected into the plasma. The other 
supplies the reference to the phase 
lock circuits. The signal transmit-
ted through or reflected from the 
plasma goes to a balanced mixer 
which also receives as local oscilla--

tor the uncontrolled 6O-Ge signal. 
The output of this mixer is a 30-Mc 
signal containing phase fluctuations 
due to the varying electron concen-
tration in the plasma. By compar-
ing this signal with the 30-Me sig-
nal derived from the balanced mixer 
used in the phase-lock circuits, the 
phase fluctuations due to the plasma 
are measured. Magnitude informa-
tion is also obtained from this 
30-Mc signal. 

This program was carried out 
under sponsorship by the Air Re-
search and Development Command, 
Rome Air Development Center, 
Griffiss Air Force Base, N. Y. 

Reentry Plasma Heating 
Studied by Laser Technique 
DURING REENTRY into the atmos-
phere, a spacecraft communications 
blackout is caused by heating and 
ionization of the surrounding air, 
due to speed and friction. 

In order to find a way to main-
tain communication with spacecraft 
during this crucial phase, reentry 
plasma is being studied by Texas 
A&M College scientists under a 
$100,000 NASA contract. It is 
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WHERE WILL ELECTRONICS BE IN 1963? 
find out by visiting the 

th international 
exhibition of 

electronic 
components 

FROM FEBRUARY 8-12, 1963 
AT PARIS (PORTE DE VERSAILLES) 

THE GREATEST WORLD-WIDE 
EXPOSITION OF THE ELECTRONICS 

INDUSTRY 

Components, tubes and semiconductors, 
measurement & control instrumentation 
electro-acoustical equipment 

Send Now For Full Details 

FEDERATION NATIONALE 
DES INDUSTRIES ELECTRONIQUES 
23, rue de Lubeck, Paris-16e—Tel: PASsy 01-16 

3 
international 

rd congress 
of quantum 
electronics 

Under the auspices of the French Section 
of the I.R.E. and the S.F.E.R. 

From FEBRUARY 10-15, 1963 
MAISON DE L'UNESCO 

Information: 7, rue de Madrid—Paris 8e 

planned to simulate the reentry 
plasma in the laboratory and to 
measure its thermodynamic proper-
ties. A laser is used to probe the 
plasma and determine its tempera-
ture and density. 
Plasma is generated by passing a 

high current through helium gas. 
The light scattered by the plasma is 
measured and photographically re-
corded using a flash from the laser. 

Supplying Low-Impedance 
Power for Tunnel Diodes 
By RUSSELL MOSSER 

W. REESE TURNER 
Electrical Engineering Dept. 
University of Colorado 
Boulder, Colorado 

POWER supplies having suitable 
characteristics for laboratory ex-
periments with tunnel diode cir-
cuits can be obtained using simple 
combinations of batteries. For 
these applications, current of a few 
milliamperes from a low-impedance 
source is required at 0.2 to 0.4 volt. 
A practical method for obtaining 

0.2 volt is to connect a mercury bat-

(A) 

1+ 
(B) 

+   

+III 

+lilt  

(C) 
OUTPUTS of 0.2 volt (A) and 0.4 
volt (B) provide low-impedance 
bias supply for testing tunnel diode 
circuits such as harmonic generator 
(C)—Fig. 1 
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0.215 

0.47 

CURRENT IN MA 

(A) 

1 2 3 

CURRENT IN MA 

(B) 
CURVES show current-voltage 
characteristics of 0.2-volt (A) and 
0.4-volt (B) battery power supplies 
—Fig. 2 

tery and a dry cell so that their volt-
ages subtract (1.55 — 1.345 = 0.205 
volt). A lower internal impedance 
can be obtained by connecting the 
two positive terminals together and 
using the negative terminals as out-
put leads. 

Sufficiently low internal imped-
ance can be obtained by connecting 
size D dry cells with E-3 mercury 
batteries to form a 0.2-volt battery. 
Four such batteries are then con-
nected in parallel as in Fig. 1A. 

Output from this battery is 0.2 
volt and internal impedance is 
about 3.18 ohms. The current-volt-
age curve is shown in Fig. 2A. At 
low current values, a slight curve 
appeared in all batteries tested, al-
though its size and length varied 
for each battery tested. After four 
hours of continuous drain of 1 mil-
liampere, battery output dropped 
0.008 volt. 
A 0.4-volt battery can be made in 

essentially the same way except 
that a standard Willard cell is used 
with 0.5 molar KOH as electrolyte. 
This cell provides 0.9 volt. 

For El mercury batteries are 
connected in parallel, and their out-
put opposes that of the wet cell, as 
in Fig. 1B. Output in Fig. 2B is 
1.345 — 0.9 = 0.45 volt, and inter-
nal impedance is 4 ohms or less. 
The 0.4-volt supply has been used 

successfully to provide low-imped-
ance bias for tunnel-diode amplifier 

circuits and for the tunnel-diode 
harmonic generator in Fig. 1C. 

Sales Engineer, Tech-Ser, Inc. 

how to measure in-phase 
and quadrature with 

0.1% accuracy in milliseconds 
Previously unobtainable accuracy and millisecond response are only two of the 

reasons why NAI's Phase Sensitive AC-to-DC Converters meet the most critical 

requirements in computer, recording, automatic test and digital display systems. 

Unlike conventional converters, these all solid state modules measure not only 

total signal—but quadrature, in-phase and fundamental components as well. DC 

output is proportional to selected input component, yet unaffected by harmonics. 

A wide range of manual and relay-actuated models permits selection and program-

ming of function, range and frequency to suit test or system requirements. 

Specifications of relay-programmed models are given in the table. Data on manually 

switched models PSC-415 and -416 upon request. 

PSC-410/411 I PSC-420/421 

Voltage Range 
[(410 & 420) -I 1 y f.s. to 300 v f.s., 4 ranges 
(411 & 421) .1 10 my f.s. to 300 v f.s., 6 ranges 

Frequency Range 
[(phase sens.)] 1 frequency* 3 frequencies* 
(total volts) .1 60 cps-20 kc 60 cps-20 kc 

Linearity 0.1% f.s. 0.1% f.s. 
Functions Et , E f , Em n and Eq 
Output Voltage 0-10 y dc, into 10 k load, for all functions 
Input Impedance 1 megohm 1 megohm 
Response Time 0.1 sec 

*any frequency between 60cps and 10kc 

The North Atlantic man in your area can quickly show you how the PSC-410 and 

-420 simplify AC measurement jobs from GSE to production test of transducers, 

networks and amplifiers.Call today for his name, or request Bulletin PSC-1. 

NORTH ATLANTIC industries, inc. 
TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK • OVerbrook 1-8600 
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COMPONENIS AND MATERIALS 

Capacitor Provides Outer Coupling 

For Modern Coaxial-Line Circuits 

Useful technique provides 
d-c isolation over 
frequency of 2 to 1,500 Mc 

By J. M. ROLLETT 
British Telecommunications Research 
Limited, Taplow Court, Taplow, Nr. 

Maidenhead, Berks, England 

EXPERIMENTAL coaxial - line 
circuits are often built with unit 
components such as lines, tees, and 
stubs. If diodes or transistors or 

DISC 
CAPACITORS — 

P.T.F.E. 
WASHER — 

SMALL disk capacitors bridge gap 
between sections of outer conduc-
tor. Five front capacitors are omit-
ted for clarity. Groove and keyway 
at each end are for General Radio 
connectors—Fig. 1 

VSWR 

IS 

1 08 

156 

1.04 

1.02 

1 00 
1 2 5 10 20 50 100 200 500 III 2K 

MC/5 

PLOT of VSWR against frequency 
—Fig. 2 

other devices requiring Dc are in-
cluded, it may be useful to have 
parts of the coaxial circuit at dif-
ferent d-c potentials, while still 
continuous to r-f. 

Coupling capacitors which isolate 
inner conductors are available com-
mercially, but the complementary 
components for isolating outer con-
ductors are not. This article de-
scribes the construction and proper-
ties of a coaxial-line outer coupling 
capacitor, and includes examples of 
its use. 
The capacitor conforms with the 

General Radio type 874 series, since 
other components of this series 
were available in the laboratory. 
Design is easily modified for use 
with other systems. 

CONSTRUCTION—The basic prin-
ciple is to bridge a gap between 
two short lengths of outer con-
ductor with small disk ceramic ca-
pacitors. The outer conductor sec-
tions are provided with flanges to 
protect the capacitors, and are 
separated by a PTFE plastic 
washer; the remaining space be-
tween the flanges is filled with 
Araldite epoxy resin, to bond the 
sections together, see Fig. 1. 

Ten disk capacitors are used, 
diameter somewhat less than 15-4 in., 
nominal capacitance 1,500 pf. The 
diameter of the flanges, 1* in., is 
chosen so that two components can 
be plugged into a General Radio 
(G.R.) transistor mount (which is 

SYNC. 

OUT PUT 

Ji-

VcE 

VBE 

C.R.O. 

CIRCUIT measures charge control 
parameters of high-speed switch-
ing transistors—Fig. 

U-shaped) without mutual inter-
ference. The length, let in. without 
connectors, is the same as the G.R. 
inner coupling capacitor, for con-
venience in building circuits where 
both types of capacitor are used. 
The center conductor is a rod of 
correct diameter supported by 
standard G.R. type 874 hermaph-
rodite connectors. If it is desired 
to isolate both inner and outer con-
ductors in the same component, 
then the center assembly of a G.R. 
inner coupling capacitor could be 
used instead. The mechanical 
strength of the epoxy-resin bonded-
structure is excellent. 

PROPERTIES — Low frequency 
capacitance is between 0.015-

coupling capacitor—Fig. 3 FAST step generator incorporates outer 

MERCURY RELAY 
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H 
HONEYWELL 

Straight Leaf 

MICROSWITCHPrecjsjon 

c a 
Roller Leaf 

HERMETICALLY-SEALED 
SUBMINIATURE SWITCH 

NOW AVAILABLE WITH VARIETY 
OF ASSEMBLIES AND ACTUATORS 

Rotary Selector Assembly 

Formed Leaf Dual Roller Leaf Dual Leaf One-Way Roller Straight Wire Roller Wire 

The new "HM" is the only hermetically sealed snap-
action switch designed to conform to MS25085-1 in size, 
mounting and operating characteristics. Many standard 
auxiliary actuators and assemblies are now available. 
"HM" switches, whose seal is by metal-to-metal and 

glass-to-metal fusion, meet explosion-proof requirements 
of MIL-E-5272 and corrosion-resistant requirements of 
MIL-S-6743. They give reliable and precise switching 
in temperature ranges of —300°F to +250°F. SPDT 

Interlock Assembly Toggle Assembly 

contact arrangement. Electrical rating-3 amps induc-
tive and 5 amps resistive at 28 vdc. 

Get more information from a MICRO SWITCH Branch 
office. Look in the Yellow Pages. Or write for catalogs. 

[H 
HONEYWELL 

MICRO SWITCH 
FREEPORT, ILLINOIS 

A DIVISION OF HONEYWELL 
IN CANADA: HONEYWELL CONTROLS LIMITED, TORONTO 17, ONTARIO 

HONEYWELL INTERNATIONAL SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD. MANUFACTURING IN UNITED STATES, UNITED KINGDOM, CANADA, NETHERLANDS, GERMANY, FRANCE, JAPAN. 
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ULTRA HIGH 
RELIABILITY 
tubular 

capacitors 

WITH 
A NEW DEGREE OF 

PRECISION 

SOUTHERN ELECTRONICS CORP. has 
long been a leader in the design and 
manufacture of high. precision tubular 
capacitors, and has pioneered in sup-
plying them for critical applications 
in computers, missiles, communications 
and other high-grade military and com-
mercial equipment. They are made to 
the same standards as our high pre-
cision polystrene capacitors so widely 
accepted for military applications. 

SEC tubular capacitors are manufac-
tured under unusually critical quality 
control standards, resulting in toler-
ances as low as 0.5% in most values, 
and hermetic sealing guarantees accu-
racy over wide environmental changes. 

SEC tubulars are available in a wide 
range of tolerances to meet your needs, 
from 100 mmfd. to any higher value, in 
polystrene, mylar, metallized mylar, tef-
Ion and dual-dielectrics. 

All SEC tubular capacitors meet or 
exceed the most rigid MIL-SPECS. 

In addition, we manufacture a com-
plete line of tubular capacitors for 
commercial applications. Let us know 
your requirements. 

AM abb. 
POLYCON 

13411 
MYCON 

'gal NI 

Write today for de. 
tailed technical data 
and general catalog. 

SOUTHERN 

ELECTRONICS 

Woyto4ceitkei 
150 West Cypress Ave., Burbank, California 

II 
  VBE 
 1 I  

VCE 

e • 

MAXIMUM available 
power gain of 
transistors can be 
measured using this 
configuration—Fig. 5 

0.02 id. The d-c resistance is greater 
than 10 megohms. The VSWR, plotted 
in Figure 2, was calculated from 
measurements of the equivalent 
series impedance appearing at the 
center of the component. It is less 
than 1.1 between 2 and 1,500 Mc., 
and has a minimum at about 70 
Mc., which is the resonant fre-
quency of a single 1,500 pf capaci-
tor with leads of the same length 
as those in the component. The 
minimum could be shifted along the 
frequency axis by using capacitors 
of a different value. Bandwidth 
(range between frequencies of 
equal VSWR, for example 1.1) can be 
increased by using capacitors all of 
different resonant frequencies, at 
the expense of increasing the mini-
mum VSWR. 

A component was constructed 
with the basic silvered ceramic 
disks, by soldering them directly to 
the -flanges, and then cementing 
with epoxy resin. The resulting 
structure was mechanically strong 
and none of the disks were damaged 
or cracked; however, piezoelectric 
effects made it electrically lossy and 
unstable. To be successful, such a 
structure must be designed to bring 
minimum pressure to bear on the 
disks. 

APPLICATIONS — Figures 3, 4 
and 5 illustrate circuits in which 
the outer coupling capacitors have 
been used. 

Figure 3 shows a very fast step 
generator, using a break-before-
make changeover mercury relay. 
The attenuator pad defines the im-
pedance of the pulse source (50 
ohms) and provides a synchronizing 
pulse, if required; if not, a 50 ohm 

• 

resistor can be used. 
Figure 4 shows a circuit for 

measuring the charge control par-
ameters of very high speed switch-
ing transistors, with provision for 
variable base-emitter standing bias. 
A high frequency oscilloscope may 
be used for charge control meas-
urements, and rise times may be 
measured using a sampling oscil-
loscope. 

Figure 5 shows a coaxial circuit 
for measuring maximum available 
power gain of transistors at fre-
quencies above 100 Mc. The biases 
are fed to the transistor through the 
short circuiting stubs which form 
the input and output matching cir-
cuits. 
The author's thanks are due to 

D. L. Hedderly for the circuits of 
Fig. 3 and 4, and to the Director 
of Research, British Tele-communi-
cations Research Limited, for per-
mission to publish this paper. 

Air Force Bibliography 
Useful to Components Men 
NEARLY 300 references on printed 
circuits and welded modules are 
contained in an Air Force bibli-
ography just released by Office of 
Technical Service.' 

In three sections, the volume 
cites references to other bibli-
ographies, state-of-the-art sum-
maries, survey articles, printed 
circuits, micromodule assemblies, 
high-density packaging, dot com-
ponents, encapsulation, electrical 
connections, microcircuits, thin 
films, integrated circuits, 2-D cir-
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There's 
a new wag 

to bug 
NIXIE® tubes 

it saves you 
electrical and mechanical 

design tinge 
New NIXIE TUBE ASSEMBLIES, in their simplest form, 
consist of any number or arrangement of Nixie tubes 
mounted in a bezel. These assemblies enhance the ap-
pearance of your equipment, provide maximum readability 
of the display, and eliminate up to 90% of your readout 
packaging time. 

OR . you can buy NIXIE TUBE ASSEMBLIES as func-
tional circuit packages complete with drivers which 
operate the readout from a wide variety of input signals. 
They save you both electrical and mechanical design time. 
Packaged circuits currently available include: 

• BCD TO DECIMAL DECODERS 
• DECIMAL COUNTERS 
• REVERSIBLE COUNTERS 
• TRIXIE0 TRANSISTORIZED DRIVERS 
(Both Integral and Remote Readout Units Are Available) 

*Complete packaged drive 
circuit assemblies with 
integrally mounted Binary 
Decoder Units using 
standard size 
NIXIE Tubes. 

WRITE TODAY for complete information on 
NIXIE TUBE ASSEMBLIES ...the new 

way to buy NIXIE TUBES. 

ANOTHER ELECTRONIC CONTRIBUTION BY 

Burroughs Corporation 

ELECTRONIC COMPONENTS OIVrSION 

PLAINFIELD NEW JERSEY 

January 18, 1963 CIRCLE 65 ON READER SERVICE CARD 65 



Industrial 
Airbrasive Unit 

We don't recommend slicing up the family's fine Limoge China, but this 
does illustrate the precisely controlled cutting action of the S. S. White 
Airbrasive Unit. Note how clean the edge is, and how the delicate ceramic 
decoration is unharmed. 

The secret of the Airbrasive is an accurate stream of non-toxic abrasive, gas-
propelled through a small, easy-to-use nozzle. The result is a completely cool 
and shockless cutting or abrading of even the most fragile hard materials. 

Airbrasive has amazing flexibility of operation in the lab or on an automated 
production line. Use the same tool to frost a large area or to make a cut as 
fine as .008"! ... printed circuits ... shaping and drilling of germanium and 
other crystals... deburring fine needles ...cleaning off oxide coatings ... wire-
stripping potentiometers...engraving glass, minerals, ceramics. Jobs that 
were previously thought impossible are now being done. 

Send us samples of your 
"impossible" jobs and let us 
test them for you at no cost. 

WRITE FOR 
BULLETIN 6006. 

Complete information. 

S. S. WHITE INDUSTRIAL DIVISION 
Dept.. EU, .10 East 40th St., New York 16, N. Y. • Telephone MU 3-3015 collect. 

cuits and solid-state devices. 
Results of a cursory search on 

methods of cleaning electronic com-
ponents and assemblies appear in a 
separate section. 

Subjects also include microminia-
turization of circuits and compo-
nents considered from the manu-
facturing research standpoint. 
Bibliographers sought information 
on design standards and procedures, 
production methods and techniques, 
and applications of fabricated com-
pounds. 

REFERENCE 
(1) G. E. Owens, Printed Circuits and 

Welded Modules: An Annotated Bibli-
ography, Lockheed Missiles and Space 
Company for the U. S. Air Force, April, 
1962, 100 pgs., AD 278 631 from OTS, 
U. S. Dept. of Commerce, Washington 25, 
D. C. ($2.50) 

Microwave Diode Overcomes 
Low-Impedance Problems 

MICROWAVE down-converter con-
struction fits specific amplifier 
need. Double whisker construction 
is shown on lower germanium rod 

SEVERAL germanium point-contact 
diodes have been developed recently 
by a British subsidiary of Inter-
national Telegraph and Telephone 
Corporation. One of these diode 
types, developed for improving 
the reliability and performance 
of microwave diodes, reduces 
the 70-megacycle intermediate-fre-
quency source impedance to a value 
of about 100 ohms for the best low-
noise match. 
The 6-gigacycle down-converter 

diode, STC type DK-211 was devel-
oped to overcome a low-impedance. 
Now practical silicon mixers have 
about 300 ohms i-f impedance, and 
the best germanium diodes are 200 
ohms. New approach is to use double 
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whiskers that are placed on a single 
germanium die to form two small 
junctions in parallel. The desired 
i-f source impedance of 100 ohms is 
obtained with a small forward bias 
of about 0.1 volt. 
Optimum noise figure occurs at a 

local-oscillator input of about one 
milliwatt; the average conversion 
loss is 4.2 decibels. The noise figure 
obtained is 9 to 10 decibels, but the 
DK-211 diode is used with an ampli-
fier having a rather high noise fig-
ure of 3.3 decibels. Quite a sophis-
ticated range of performance at 
microwave frequencies can be ob-
tained, according to company. 
Some epitaxial layers have been 

made but the desired control of re-
sistivity has not yet been obtained, 
according to company. But spokes-
men say that from this will come 
point contact microwave diodes with 
perhaps only half a db improve-
ment. At this level of consistent 
improvement, company says this is 
very important. 

Seek Techniques to 
Sterilize Space Probes 

DRY HEAT sterilization will be 
emphasized as the principal process 
for space component sterilization at 
Wilmot Castle Co. 
Rather than attempt to sterilize 

individual components, Castle's 
work has been geared to discover-
ing general principles which can 
be used to sterilize all types of 
space components, including the 
capsule itself. 
The nature of space equipment 

presents unique sterilization prob-
lems. Most electronic components 
are damaged by temperatures 
higher than 120 deg C. Little data 
exists on effectiveness of heat 
sterilization below 150 C. Thus, 
with emphasis on dry heat sterili-
zation most of the investigation for 
NASA has been centered on tem-
peratures around 120 C. 

Investigation is aimed at keep-
ing planets free from living or-
ganisms from the earth. Program 
underway is attempting to ensure 
that space probes will have a prob-
ability of less than 1/10,000th 
chance of landing viable organisms 
on the space body. 

See our complete line of products at the Salon Interna-
tional des Composants Electroniques, Paris, France, 
February 8-12, being exhibited by our representative 
Technique & produits. 

EAD 
RF WATTS 
DIRECTLY 
Today everyone who measures 

RF power in coaxial systems wants 

the answer in watts. The BIRD 

Model 43 THRULINE reads watts! 

Connect the Model 43 between 
transmitter and antenna or load. 
The meter reads RF power 
directly. Measure forward or 
reflected power instantly. 

No calibration charts. No adjust-

ments. No calculations. No 

auxiliary power. 

Plug-in elements are used to cover 

2 to 1000 mc, and powers to 

1000 watts. 

BIRD Quick-Change (QC) Connectors 
eliminate adapters. Any 
standard series of coaxial line 
fittings may be accommodated. 

Write, TWX or call us for complete 
specifications on the Model 43 and 

other BIRD products. 

Price: 

Instrument only . . . . $95.00 each 

Plug-in elements .. . . $30.00 each 
FOB, Factory 

BI 

41=' 

10 

\O 20 
e 40 

WATTS 
THRULINE 

O ELECTRONIC C 

BIRD Model 43 
Thruline Wattmeter R ELECTRONIC CORPORATION 

30303 Aurorand., Cleveland 39 (Solon), Ohio 

CHurchill 8 21CABLE 6-248-6458ADDRESS: BIRDELEC 
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PRODUCTION TECHNIQUES 

Transfer Process Avoids P-C Open Circuits 

COMPONENT 

/ BOARD 

7\ COMPONENT 

.7 

CONDUCTIVE 
CEMENT 

OPEN CIRCUITS can result when 
components are interconnected with 
conductive cement—Fig. 1 

DOT OR PELLET 
COMPONENT 

SUBSTRATE 

SECTION 

SANDWICHED 
COMPONENTS 

TRANSFERRED CIRCUIT BRIDGING 
COMPONENTS IN HOLES 

SANDWICHING of components 
between plated circuits permits re-
liable connections—Fig. 2 

TRANSISTOR 
PRESSED INTO 
CIRCUIT BOARD 

=El= 
SECTION 

TRANSFERRED 
P 1CIRCUIT 

BOARD 

PRESSURE-CONNECTION tech-
nique is used for one-sided sub-
strate—Fig. 3 

SOLID STATE 
COOLING 
MODULE 

SOFT 
METAL 
PLUGS 

/ / COLD ,COMPONENTS 

STACKED 
CIRCUIT 
BOARDS 

HEAT HOT SUB-SYSTEM 
SINK MULTILAYER BOARD 

SOFT-METAL plugs interconnect 
substrates containing dot and pel-
let components—Fig. 4 

Sandwiching techniques 
used with components 
in non-rigid substrates 

By THOMAS L. ROBINSON 
Cornell Aeronautical Laboratory, Inc. 

Buffalo. New York 

VERSATILE printed-circuit trans-
fer process forms the basis for 
solving certain problems in the in-
terconnection of microsystem cir-
cuit devices. Heat-sink design is 
also facilitated. 

This technique for replacing 
plugs, sockets and wiring harnesses, 
which occupy more space than the 
interconnected components, solves 
the problem of open circuits result-
ing from circuit-board flexure. 

Its application in forming sand-
wich connections for discrete dot 
and pellet components and thin-

film microsystems is discussed in 
the following paragraphs. 

DOT AND PELLET — Currently, 
dot and pellet components are 
pressed into printed-circuit board 
holes and interconnected with con-
ductive cement as shown in Figure 
1. For components mounted in non-
rigid substrates, this presents the 
probability of open circuits at the 
interface of the component termi-
nal and printed circuit. 

Figure 2 illustrates a solution to 
this problem. The non-rigid sub-
strate is coated with a pressure-
sensitive adhesive on both sides. A 
paper release sheet is then applied 
to the adhesive layers, keeping them 
clean. Next, holes of the proper 
size are drilled or punched in the 
substrate for the components that 
are then pressed into the holes. The 
plated circuit is transferred first to 
one side and then to the other. This 
is done by removing the release pa-
per from the adhesive-coated sub-
strate, pressing the plated-carrier 
sheet against the adhesive, and 
peeling off the carrier'. 2. The trans-
ferred printed circuit which over-

lays the components may be soldered 
or spot welded to the terminals. 
Another technique using pressure 

connection is shown in Figure 3. 
Plated circuits are transferred to 
only one side of a hole-punched 
wafer substrate with portions of 
the conductors overhanging the 
holes. The component terminals are 

clad with a soft conductor such as 
indium-tin or a tin-lead alloy to in-
sure a tight fit when they are 
pressed into the holes. Intercon-
necting a number of substrates to 
form a module can be achieved as 
illustrated in Figure 4 where soft 
metal plugs are shown press fitted 
into the substrates to make wafer-
to-wafer pressure contact when 

stacked. Replacing any of the 
wafers involves merely the removal 
of the corner screws and unstack-
ing of the layers, since only pres-
sure contact is employed for elec-
trical contact. 

THIN-FILM CIRCUITS — Thin-
film circuit elements are vacuum de-
posited or sputtered on one side of 
thin mica wafers with wide-area 
terminations located along the 
edges. A transferred circuit is 
sandwiched between two mica cir-
cuit wafers and interconnects them 

by means of free conductor tabs, 
which are short, unbonded exten-
sions of transferred conductors that 
can be bent to make electrical con-
tact with wafer conductive areas, 

TRANSFERRED CIRCUIT 
ON BOTH SIDES 
OF SUBSTRATE 

THIN-FILM 
CIRCUIT TERMINALS 

THIN-FILM 
MICA WAFER 
CIRCUIT 

FREE CONDUCTOR 

BS ALIGNMENT 
1,ck  

—MICA 
WAFER 
CIRCUIT 

EXTENSIONS of transferred con-
ductors make contact with wide 
conductive arcas—Fig. 5 
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in FIXED COMPOSITION RESISTORS if it's news, expect it first from IRC 

LONGER LEAD PATH THROUGH MOLDED BODY 

35-50% GREATER MOISTURE BARRIER 

 OXCLUSIVE INSULATION DEVELOPED FOR SUPERIOR MOISTURE PROTECTION 
Among Fixed Composition Resistors IRC offers 

GREATER MOISTURE PROTECTION 
HERE'S WHY... IRC's resistance element is a film of carbon com-
position thermally bonded to a glass body. This rugged, compact 
configuration permits 35 and 50% more molded protection around 
the resistance elements of RC20 and RC32 styles, respectively. 

Other brands are designed around a fat carbon slug similar to 
a soft pencil lead. The thickness of their resistance elements 
requires them to restrict the volume of their molded jackets in 
order to stay within MIL size limits. Moisture protection is 
reduced proportionately. 

IRC MIL-R-11 resistors are molded in a special insulation devel-
oped by IRC specifically for superior moisture, dielectric and 
mechanical characteristics. This exclusive material, combined with 
the added insulation thickness results in a resistor that is AT 
LEAST TWO TIMES BETTER under severe moisture conditions. 

Specify IRC MIL-R-11 resistors for an extra measure of pro-
tection. Write for GBT bulletin. International Resistance Co., 
Philadelphia 8, Pa. 

PERFORMANCE ADVANTAGES IRC Type GBT's also provide 
• Lower operating temperature 

• Better resistance-temperature characteristics 

• Superior at high frequencies 

• Outstanding load life 

• Ranges to 100,000 megohms 

• Stronger termination 

• Weldable leads 
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Acoustical Components 
of Superior Quality 

JAPAN PIEZO supplies 80% of 

Japan's crystal product require-

ments. 

STEREO CARTRIDGE 
Crystal — "PIEZO" Y-130 

X'TAL STEREO CARTRIDGE 

At 20°C, response: 50 to 10,000 c/s 
with a separation of 16.5 db. 0.6 V 
output at 50 mm/sec. Tracking 
force: 6±1 gm. Compliance: 1.5 x 
10 -6 cm/dyne. Termination: 1M D, 
+150 pF. 

Write for detailed catalog on our 
complete line of acoustical products 
including pickups, microphones, 
record players, phonograph motors 
and many associated products. 

Ezo 

JAPAN PIEZO 
ELECTRIC CO., LTD 
Kami-renjaku, Mitaka, Tokyo, Japan 

JEWELER'S 
SCREW 

METAL 
END PLATE 

INSULATING 
SPACER 

THIN FILM 
MICA WAFER 
ASSEMBLIES 

FLEXIBLE 
CABLING 
ASSEMBLY 

THIN 
SILICONE 
RUBBER 
OR 
TEFLON 

METAL 
END PLATE 

THIN-FILM module assembly 
uses contract pressure maintained 
by jeweler's screws—Fig. 6 

(see Figure 5). This sandwich 
structure thus forms an intercon-
nected wafer assembly. 

Figure 6 shows how a number of 
wafer assemblies are stacked and 
interconnected to form a module. 
Contact pressure is sustained on the 
stack by tightening the jeweler's 
screws located at each corner. These 
modules employ short, flexible 
printed-circuit cabling for connec-

tion to a multilayer board in as-
sembling a subsystem. 

HEAT SINKS — The foregoing 
techniques make possible optimum 
heat dissipation configurations. 
Heat sinks in stacked discrete-

component wafers (Figure 4) con-
sist of a metallic heat-collecting 
layer interposed between a heat-
producing wafer and an adjacent 
wafer. This metallic layer (not 
shown) is a plated pattern trans-
ferred to a thin substrate and cov-
ers the entire wafer area except 
where contact is made. Metallic heat 
sinks also serve as electrostatic 
shields when connected to ground 
or other reference. 

In thin-film modules, the heat ab-
sorbing layer is a copper sheet. Heat 
flows into the copper mass and is 
conducted away partly by the as-
sembly screws located at one end of 
the wafer and partly by intercon-
necting-lead conduction and radia-
tion to adjacent wafers. Short, 
flexible, printed-circuit cabling in-
terconnect modules on a subsystem 
multilayer board. The multilayer 
board assemblies are then mounted 
to solid state cooling modules before 
mounting the whole assembly to a 
final systems multilayer connector 
board. 

REFERENCES 
(1) U. S. Patent No. 3,024,151, T. L. 

Robinson. 
(2) Thomas L. Robinson,"A Novel Solu-

tion to the Interconnection Problem in 
Microsystem Circuits." Proceedings of the 
National Electronics Conf., 1962, Vol. 18. 

Motors Test Potentiometers 
By MORTON H. BURKE 

Electronics Associates, Inc. 
West Long Branch, N. J. 

QUALITY EVALUATION of variable po-
tentiometers requires that some 
device operate the potentiometers 
continuously for extended periods 
of time. The test fixture shown in 
the accompanying photograph uses 
synchronous oscillator-type motors 
manufactured by Cramer Controls 
that run at a speed of 60 RPM. 
They have the distinct advantage 
of reversing themselves as soon as 
the potentiometer stops are hit. 
And since motor-torque output is 
low, there is no possibility of dam-

age to potentiometer under test. 
Most potentiometers, single or 

multi-turn, can easily be turned by 
these type 117 motors, which have 
torque capabilities of 1.5 oz-in. 
Since the motor shaft diameters 
are À inch, it was necessary to 
drill out some i inch aluminum 
rod to provide a 1 inch to 
inch coupling surface. The actual 
coupling between the motor shaft 
and the potentiometer is made by 
means of common .1 inch diameter 
grey plastic tubing (spaghetti). 

Before these synchronous motors 
were utilized, a geared down servo 
motor employing limit switches for 
reversing was used. This method 

70 CIRCLE 70 ON READER SERVICE CARD electronics 



ADVERTISEMENT 

Shoptrol System depends 
on Durant Counters 
DURANT MANUFACTURING CO., Mil-
waukee, developed two special elec-
tric counters for visual readout in 
the G. E. Shoptrol — a factory pro-
duction monitoring and data collec-
tion system which gives a panoramic 
view of factory production at a cen-
tral point. The system uses two 
Durant electrics, 3-3-5-Y-9965 and 
5-Y-9966. 

Y-9965 is three counters in a sin-
gle frame with independent drives— 
one each for Down Time, On Time, 
and actual accumulated production 
from each station and each shift. 
Fast reset and ease of installation 
are features. 

5-Y-9966 is a predetermined count-
er — subtracting each unit as pro-
duced from a preset total and sends a 
signal upon reaching total run. 

U. S. Post Office "Mail-Flo" 
System Speeds Processing 
DURANT COUNTERS keep mail tray in-
ventory, both in process and tempo-
rary storage. Conveyor-mounted 
switches actuate counters. Each pri-
mary side panel uses two 6-Y-1-2-MF 
models with tumbler lock reset—for 
trays in storage and in process. 
5-Y-8602-MF for incoming and out-
going master panel adds and sub-
tracts for reading of correct number 
at moment. Selected by Cutler-
Hammer Inc. for readability, de-
pendability, long life. Coils totally 
enclosed in case. 

COUNTING by 
REMOTE CONTROL 

There's a standard Durant Electric Counter to fit practically any OEM 
application . . . enabling you to build modern electric counting into 
your PRODUCT, MACHINE or METHOD. 

Durant's "HIGH VISIBILITY", with clean-cut legible figures set high up 
and close to the window, show the exact figure at a glance. Many 
Durant fully enclosed Electrics have been performing accurately and 
dependably under varying conditions for years and years — giving the 
reliability so necessary in a counting operation. 

"Y" Electric Series 
(Model 6-Y-1-M F) 

1000 CPM 

"CS" Electric Series 
(larger size — 
larger figures) 

"YE" Electric Series 
Push Button Reset 
(Model 5-YE-8947.4) 

1500 CPM 

"Y" Electric Series 
4 figure 

(Model 4-Y-9434-B) 
600 CPM 

"YE" SERIES 
HERMETICALLY 
SEALED FOR 
MILITARY 

MODEL 3-3-5-Y 
ELECTRIC 
COUNTERS 
ONE FRAME 

MODEL 6-Y 
ELECTRIC 

PREDETERMINING 
COUNTER 

PUSH BUTTON 
RESET ELECTRIC 
FOR MILITARY 
APPLICATION 

4 FIGURE 
"Y" ELECTRIC 

PANEL 
MOUNT 

"SP-MF" 
ELECTRIC 

PREDETERMINED 
COUNTER 

Ideal for PANEL MOUNT 
(placed and mounted from front) 
on machine or at control center 

Tumbler Lock Key Reset 
for "tamper control" 

"Y" Electric — Small, compact; AC counters 
equipped with integral rectifier for high 
speed and long life. Records accurately at 
high, low, or intermediate speeds. 

"CS" Electric — Same external design and 
features as "Y" Series, but with larger case 
size and larger figures ... for more rugged, 
heavy duty applications. 

"YE" Electric — With electric instant reset 
or finger-flick instant reset. 

ACTUATORS and CONTACTORS 
Durant offers photo-electric, lever, roller arm, 
star wheel, or limit switch units for use with 
Electric Counters. 

Send for Catalog 

DURANT MANUFACTURING CO. 
dependable since 1879 

1912 N. Buffum St. 12 Thurbers Ave. 
Milwaukee 1, Wis. Providence 5, R. I. 

• 

• 11:4«...1. 
4" ee 

REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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Custom constructions to 
meet your exact require-
ments. Any combination 
of conductors, Plasti-
cote® insulations, 
shields, jackets, color 
coding, etc. 
Send for brochure, today! 

CHESTER 
CABLE CORP, 
CHESTER, NEW YORK 

a subsidiary of 
TENNESSEE CORPORATION 

TEST FIXTURE can be expanded 
to take six motors and potenti-
ometers 

always presented the danger of 
damage to the potentiometer if the 
motor failed to reverse at the cor-
rect time and the wiper was driven 
into the stop. 
The procedure used here for 

evaluating wire-wound potentiom-
eters is as follows: 

(1) Units to be tested are 
checked for noise by passing 1 
milliampere of current through the 
resistance element and rotating the 
wiper by hand while viewing the 
wiper output on an oscilloscope. 

(2) Potentiometers are then 
mounted in the test fixture and 
rotated for 8 hours. 

(3) After each 8 hour period, 
potentiometers are again checked 
for continuity, noise, and mechani-
cal bearing wear. 

(4) Depending upon the in-
tended usage of the potentiometer, 
tests are run for periods of time 
which are equivalent to 100,000; 
500,000; or 1,000,000 revolutions. 

Machine Serially 
Labels Parts 

RELIABILITY demands of the Minute-

man missile system have spurred 
development of an automatic se-
quential numbering machine for 
electronic components. 
The equipment is designed and 

manufactured by Markem Ma-
chine Co., Keene, N. H. 

Designated the Markem 162-A, it 

will print on each component a 
serial number, company trademark, 
type number, value and date code, 
for IBM-card histories. 

The machine is basically a special 
offset printer with metal printing 
elements. But essence of the Markem 
solution to the sequential number-
ing problem is a technique whereby 
all of the ink needed to imprint a 

Printer Tested Automatically 

TRANSISTORIZED tester (left) has several functional tests for check-
ing out assembly of IBM 1403 high-speed printer (right). Tester simulates 
IBM 1401 central processor to complete printer testing in 96 minutes 
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Are you a 
COMPLETELY INFORMED 
electronics engineer? 

Today you may be working 
in microwaves. But on what 
project will you be working 
tomorrow? You could have 
read electronics this past 
year and kept abreast of, say, 
microwave technology. There 
were 96 individual micro-
wave articles between July, 
1961 and June, 1962! 

But suppose tomorrow you 
work in some area of stand-
ard electronic components, in 
semiconductors, in systems? 
Would you be up-to-date in 
these technologies? Did you 
read the more than 3,000 edi-
torial pages that electronics' 
28-man editorial staff pre-
pared last year? 

electronics is edited to keep 
you current wherever you 
work in the industry, what-
ever your job function (s) . If 
you do not have your own 
copy of electronics, subscribe 
today via the Reader Service 
Card in this issue. Only 71/2  
cents a copy at the 3 year rate. 

electronics 

RESISTORS in rack are each auto-
matically printed with serial 1121M-
ber, trademark, type number, value 
and date 

number on a component is used up 
in that numbering process—and 
none is left on the offset pad to 
smudge the next unit. The 100-per-
cent-transfer technique also obvi-
ates any need for wiping the offset 
pad between consecutive imprints. 

Critical factors in the process in-
clude a special elastomer developed 
by Markem for the offset pad, ink 
of a special formulation and the 
amount of pressure exerted in the 
imprint. 
The Markem device includes a 

"fail safe" feature. While one com-
ponent is being marked, a pressure 
sensor descends upon the next suc-
ceeding slot in the production tray. 
If the unit in that slot is missing— 
because it had failed to pass an in-
spection test—the limit switch con-
trolling the sequential numbering 
will not be tripped, and the number-
ing cylinder will halt until the tray 
is moved along to the next slot. 

Since each number in a series 
must be accounted for—and there 
must be a component for each 
number—no numbers can be wasted 
or voided. However, the machine 
can make a trial imprint on paper 
without actuating the sequential 
number unit. Also, a production 
worker can remove the numbering 
unit and handset it to "recover" a 
number. 
To keep pace with miniaturiza-

tion in the electronics industry, the 
New Hampshire company has de-
veloped what are termed the world's 
smallest automatic numbering units 
and type. "Minitype" characters 
can be as small as 0.032 in. high and 
0.015 in. wide. Three lines of 
this type, the middle one being 
as long as seven digits, can be 
printed on TO 18 and TO 46 con-
figurations to give trademark, type 
number and date code. 

Accepted by industry as 
the quality line of Co-
axial cables. 
Conform to Military 
Specifications including 
MIL-C-17C—or your own 
special requirements. 
Send for complete Co-
axial Cable catalog. 

CHESTER 
CABLE CORP, 
CHESTER, NEW YORK 
a subsidiary of 

TENNESSEE CORPORATION 
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NEW PRODUCTS 

CURR 
CONT 

VACUUM 
THERMO 

L _ _ _ --t CLOCK 

O-C 
AMPL 

OUTPUT 
AMPL AMPL 

MEMORY 

%DIFF 
METER 

RECORDER 
OUTPUT 

Voltage Comparator Has Built-In Memory 

Measures absolute rms 
between 4 and 1,000 y, 
from d-c to 10 Kc 

MANUFACTURED by North Hills 
Electronics, Inc., Alexander Place, 
Glen Cove, N. Y., the model 
VC-1 true rms voltage comparator 
permits rms measurements, com-
parison and recording between 4 
and 1,000 v, d-c to 10 Kc with re-
peatability of 0.01 percent. Input 
current is 6 to 7 ma, input resist-
ance is 170 ohms per volt and abso-
lute transfer accuracy is -±0.02 per-

cent of reading. Long-term zero 
drift is ±-0.005 percent, resolution 
of comparison is 0.005 percent and 
the device supplies 5-0-5 mv, 10-ohm 
source for servo potentiometer re-
corders and 0.5 — O — 0.5 ma into 
0 to 10,000-ohm loads for low-
impedance, current-sensitive re-
corders. As shown in the sketch, 
the transfer switch, current control 
and vacuum thermocouple function 
as a method of precise a-c voltage 
measurements on a true rms basis 
involving the use of a vacuum ther-
mocouple as the transfer element 
between an unknown and an accu-
rately known d-c voltage. The 

output meter indicates difference 
between amplified thermocouple 
voltage and output of a memory 
circuit. A switch permits equating 
these two voltages. When the switch 
is released, the memory circuit will 
remember the level and the output 
meter will then indicate differences 
between this voltage and variations 
in thermocouple output. With sep-
arate sources feeding both refer-
ence and input, the meter will indi-
cate differences between the two 
voltages. 

CIRCLE 301, READER SERVICE CARD 

Generating 20 Kv With 0.1-Percent Regulation 

INTRODUCED by Calibration 
Standards Corp., 1031 Westmin-
ster Ave., Alhambra, Califor-
nia, the model 170 high-voltage 
power supply delivers 0 to 20,000 v, 

OSC 

DECADE 
RHEOSTAT 

REMOTE 
CONT 

DRIVER   AMPL 

  0-20 
RECT L KV  
FILT 

POWER 

DECADE 
RHEOSTAT 

CONT 
AMPL 

VAR 
REF 

between 0 and 5 ma with stability 
of 0.1-percent per hour or 0.3-per-
cent per day. Regulation versus 
line is better than 0.1 percent, reg-
ulation versus load is better than 
0.1 percent zero to full load, resolu-
tion is 1 v, accuracy is 1 percent 
and ripple is less than 1 y rms. 
As shown in the sketch, an oscil-
lator generates a low-frequency 
a-c signal that is fed to a driver 
and then to a high-voltage ampli-
fier. The amplifier generates about 
10,000 y a-c unregulated from a 
high-Q tank circuit. The voltage 
is then rectified by a voltage dou-
bler and filter circuit. The 20,000 

d-c is applied across a precision 
resistance divider. At the lower 

end, a d-c potential is compared to 
a stable variable d-c reference 
source. This source is controlled by 
either front-panel controls or a re-
mote panel. Any error signal from 
the comparison amplifier is applied 
to the screen of the driver (at low 
level) and this in turn controls the 
high-voltage output amplifier 
stages. (302) 

How to Switch C-Band in 
30 Nanoseconds 
ANNOUNCED by Microwave Associ-
ates, Inc., Burlington, Massachu-
setts, the MA-8305-2C2N is a solid-
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The Miniature 
AMERICA KNOWS BEST 
1S NOW EVEN BETTER 

New JFD - HI-LIFE  Trimmers Deliver Extra Reliability 
Surpass MIL-C-14409A Adjustment Life Requirements by 600%! 
— JFD Hi-Life piston trimmers guarantee a 500+. cycle adjustment life — 600 per cent more than 

at called for by Mil-C-14409A specs. The reason? — The exclusive new anti-backlash adjustment 
m'echanism that offers unprecedented relffly and design freedom. 

No need any longer to, tie yourself down to air variables with their limiting 180 degree tuning. Now 
you can design into your circuits the long-lived adjustment and the ultra-sensitive multi-turn tuning capa-
bilities of JFD Hi-Life piston trimmers. Add to these the other Hi-Life features of completely sealed 
(Sealcap) construction . . . ultra linear tuning . . . miniature size . . . panel mount knob tuning . . . 
shock and vibration-proof ruggedness. Small wonder Hi-Lifes are meeting and beating the test of the 

ost gruelling space age environments. 

Panel mount and printed circuit type 1-11-Life trimmers may be obtained in four different series, NVC, 
NMQ, NSC and NQS, offering the same mounting facilities as the already famous and widely use. 
Miniature, Sealcap and Max-C series. 

JFD ELECTRONICS  CORPORATION 
THE AMERICA KNOWS USTI 

Model NVC 10GW 
0.8 to 4.5 of.* 
actual size 

Components Division 
15th Avenue at 62nd Street, Brooklyn 19, N. Y. • Phone 212 DE 1.1000 • TWX212.833.7001 Cable.JEFDEE N. Y. 
JFD WESTERN • 909 So. First Ave. • Arcadia, Calif. • Phone: HIlIcrest 6.0312 
JFD MIDWESTERN • 6330 Hermione St. • Chicago 46, III.. Phone: 775.5424 
JFD MIDWESTERN.OHIO • P. O. Box 36090 • Cincinnati 36, Ohio • Phone: 421.1166 
JFD NORTHEASTERN • Ruth Drive, P. O. Box 228 • Marlboro, Mass. • Phone: HUntley 5-7311 
JFD CANADA • 51 McCormack Street • Toronto. Ontario, Canada • Phone ROger 2.7571 
JFD ELECTRONICS (ISRAEL) LTD. • Industrial area B. Building 23 • Azor, Israel • Cable Address: JFD AZUR, ISRAEL 
LCC STEAFIX • 128 Rue de Paris • Montreuil. Seine. France 
STANDARD TELEPHONE 8 CABLES LTD. • Footscray, Sidcup. Kent, U. K. 

VARIABLE TRIMMER PISTON CAPACITORS • FIXED METALIZED INDUCTORS • LC TUNERS • FILTERS • DIPLEXERS 

FIXED AND VARIABLE DISTRIBUTED AND LUMPED CONSTANT DELAY LINES • PULSE FORMING NETWORKS 

VISIT THE JFD BOOTH AT THE 6r SALON INTERNATIONAL DES COMPOSANTS ELECTRONIQUES FEBRUARY 8-12, 1963 PARIS 

NOUS SERONS TRES HEUREUX DE POUVOIR VOUS ACCEUILLIR AU STAND JFD LORS DE VOTRE VISITE AU SIXIEME SALON INTERNATIONAL DES COMPOSANTS ELECTRONIC/LIES DU 8 

AU 12 FEVRIER 1963 DE 9,130-, 191, PARC DES EXPOSITIONS. PORTE DE VERSAILLES PARIS FRANCE 



state, single-pole, double-throw 
microwave switch for C-band appli-
cations. Frequency range is 5.35 to 
5.95 Gc, insertion loss is 1 db maxi-
mum, isolation is 30 db minimum 
and input vswr is 1.30:1 maximum. 
Switching speed is 30 nanoseconds 
and r-f is 150 w peak. The device 
is useful in a wide variety of appli-

OUTPUT R- F 
IN 

OUT PUT 
2 

cations such as antenna switching, 
signal modulation, pulse shaping or 
time-sharing techniques or any 
other high-speed r-f switch applica-
tions. The sketch shows the bias 
leads isolated from r-f by low-pass 
filters while bias voltages are iso-
lated from the r-f circuits by block-
ing capacitors. In one throw posi-
tion, the switch is biased in the 
positive direction while the other 
bias is set at zero or a slight nega-
tive voltage. The r-f is transmitted 
with small insertion loss to the out-
put terminal connected to the side 
that has the zero bias. The r-f at 
the other terminal is attenuated by 
30 db. By reversing bias conditions, 
r-f can be switched back and forth 
at high rates. 
CIRCLE 303, READER SERVICE CARD 

New Approach to H-F 
Broadband Power Splitting 
NEW from Adams-Russell Co., Inc., 
280 Bear Hill Road, Waltham 54, 
Massachusetts, the model 1120 h-f 

hybrid is a balanced-to-unbalanced 
transformer that offers a solution 
to broadband power splitting and 

balun problems. Frequency range 
is 5 to 32 Mc, with high isolation, 
low insertion loss and excellent 
phase balance. Vswr is less than 
1.51:1 when all ports are terminated 
in 75 ohms. The sketch shows oper-
ation. Opposite terminals are iso-
lated from each other by the action 
of the phase shifters, thus except 
for a constant phase shift, output 
at A is (A — B) and X is (A ± B). 
The sums and differences are taken 
algebraically while A and B are co-
herent inputs. There is complete 
reciprocity so that if à is energized, 
the output signals at A and B will 
be equal and out of phase. The same 
outputs would be equal and in phase 
if X is energized. In the case of 
the rat race, useable bandwidth is 
approximately 10 percent while this 
unit approaches three octaves band-
width. (304) 

Amplifying 100-N anovolt 
Low-Frequency Signals 
RECENTLY announced by Astrodata, 
Inc., 240 East Palais Road, Ana-
heim, California, the model TDA-
120 is a transistorized d-c amplifier 
that will operate on signals as low 
as 100 ny. Bandwidth is from d-c 
to 100 cps, input impedance is con-
stant at 1 megohm on all ranges 
and noise level is 0.05 µv. Fixed 
gains of from 3,000 to 100,000 may 
be selected through front-panel con-
trols. Maximum output voltage is 

y peak with maximum output 
current of -±-5 ma. Minimum load 
resistance is 1,000 ohms and output 
resistance is less than 1 ohm. In-
ternal batteries permit continuous 
operation for 24 hours and a built-
in charger is provided. Typical 
uses includes seismographic signals, 
bolometer signals, cryogenic stud-
ies, cell studies, bridge balance am-
plifier, ultra low-level strain gages, 
ultra low-level thermocouples and 
Hall-effect studies. (305) 

Shrinkable Tubing 
ALPHA WIRE CORP., 200 Varick St., 
New York 14, N.Y. A semi-rigid, 
irradiated, heat shrinkable tubing 
that provides maximum strength at 
stress or connection points has ap-
plications in coaxial cable build-up, 
insulating terminations and con-
nectors, splices, encapsulating com-
ponents, or wherever extra strength 
and superior mechanical or elec-
trical insulating qualities are 
needed. (306) 

Line Follower 
Features Flexibility 
F. L. MOSELEY co., 409 North Fair 
Oaks Ave., Pasadena, Calif. Photo-
electric line follower quickly con-
verts almost any trace to electrical 
energy. Type F-3 is valuable in 
process of machine program control, 
graphic data analysis and function 
generating. It tracks curve slopes 
up to 85 deg at chart speeds to 
12 in./minute and up to 45 deg at 
120 in./minute. It will follow a 
square wave up to 0.1 in. at 6 in./-
minute. Instrument features flexi-
bility. Built-in relays for external 
circuit control are included. Pro-
grams can be prepared quickly and 
changed easily—simply by drawing 
another line. (307) 

Film Capacitors 
Use Mylar Dielectric 
ERIE RESISTOR CORP., 644 W. 12th 
St., Erie, Pa., announces a line of 
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Said Gaspard de Coriolis: "A particle which is subject to no forces in a rotating coordinate 
system experiences a radial acceleration and a tangential acceleration." 

It was around 1840 that Coriolis discovered what has since become known as the Coriolis Effect. He noticed objects above 
the earth tend to rotate relative to the earth's rotation .. , to the right in the northern hemisphere, to the left in the southern. 

The Coriolis Effect is in force in outer space, too. If a space vehicle is rotated in order to establish artificial gravity, the 
necessarily short radius of the rotation causes a Coriolis force. This creates orientation problems for a human occupant. 
To eliminate this difficulty, a scientist at Lockheed Missiles and Space Division conceived the idea of connecting the vehicle 
to an auxiliary fuel tank by a half-mile-long cable. Thus, if the whole system is then rotated at a reduced speed around its 

center of mass gravity, the longer radius greatly minimizes the Coriolis force. Right now—on the drawing boards at Lockheed 
an enormously advanced space vehicle system which utilizes this concept, in addition to many others. 
Fortunately, natural laws are about the only restrictions which circumscribe scientists and engineers at Lockheed Missiles 

ec Space Company. The climate in Sunnyvale and Palo Alto, on the San Francisco Peninsula, is close to perfection. The 
creative atmosphere—the opportunity to work on such important projects as the AGENA Satellite series, the POLARIS FBM, 
or even more advanced concepts such as the space system cited above—is the dream of the creative engineer. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-11B, 599 North 
Mathilda Ave., Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 
An Equal Opportunity Employer. 

LOCKHEED MISSILES & SPACE. COMPANY 
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

Systems Manager for the Navy POLARIS FBM and the AGENA vehicle in various Air Force Satellite 
programs. Other current projects include such NASA programs as the OGO, ECHO, and NIMBUS. 

SUNNYVALE, PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA, CALIFORNIA • CAPE CANAVERAL, FLORIDA • HAWAII 
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HIGH SPEED DIGITAL DATA 
TRANSMISSION OVER A SEA PATH? 

YES! 
WITH SEPATH 

« Send your prints 
for quotations 

• SPURS 
• HELICALS 
e WORM AND 
WORM GEARS 

• STRAIGHT BEVELS 
• LEAD SCREWS 
• RATCHETS 
• CLUSTER GEARS 
• BACKS . 
• INTERNALS 
e ODD SHAPES 

FOR AUTOMATIC 
CONTROLS 

We make gears like these for a wide variety 
of gages, meters, Indicators, controllers, 
etc. Tell us your needs. 

IN GEARS 

1021 PARMELE STREET, ROCKFORD, ILLINOIS 

...from the D5 Lige 
of Data Transmission ipment 

e ) 
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Rixon SEPATH equipment provides the solution to a challenging problem: how to 
transmit high-speed digital data via hf radio. Better, SEPATH does it without obsoleting 
existing communication terminal equipment. Best, SEPATH equipment is in service and 
available now!!! 

Basically, a high-speed serial binary data stream is fed into the SEPATH transmit termi-
nal where it is converted into parallel low-speed data streams suitable for propagation through 
multipath conditions. These are then transmitted simultaneously over existing radio teletype 
channels. At the receiving station, this parallel information is regenerated and reassembled 
into serial form, and then sent to its destination. Encryption? No problem. 

For further information, contact our applications engineers ... 

RIX01•1- mi,morriptcuvics, 

2121 INDUSTRIAL PARKWAY—MONTGOMERY INDUSTRIAL PARK—SILVER SPRING, MARYLAND 
TELEPHONE: 622-2121 TWX: 301 622-2292 

polyester film dielectric capacitors 
developed for applications requiring 
high capacitance, excellent capaci-
tance stability, superior humidity 
resistance, and high insulation re-
sistance over a wide temperature 
range. Wide usage is expected in 
filter, by-pass, coupling, and block-
ing applications. Price in produc-
tion quantities, $0.0425 each to 
$0.345 each depending upon electri-
cal specifications. 
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Test Recorder Is 
Direct Writing 
BRUSH INSTRUMENTS, division of 
Clevite Corp., 37th and Perkins, 
Cleveland 14, 0. Portable two-
channel direct writing recorder is 
ideal for trouble-shooting in tele-
phone, pipeline, and utility systems. 
It incorporates an accurate 0.1 sec 
timing marker, provision for re-
mote control, and two analog chan-
nel with a frequency response flat 
from d-e to 100 cps. Self-contained 
d-c amplifiers are matched to each 
analog channel to give sensitivities 
down to 10 mv per mm of pen ex-
cursion. Common mode rejection of 
the recorder is better than 1,000 to 
1 at max sensitivity. (309) 

Digital Logic System 
Features High Speed 
CHRONETICS, INC., 9 Elm Ave., 
Mount Vernon, N. Y. Model 100 
Nanologic System is a high-speed 
asynchronous electronic data proc-
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essor capable of operating at 10 
nsec intervals or at rates up to 100 
megapulses per sec. Although the 
system was designed primarily for 
use in high-energy physics experi-
ments at accelerators, it is expected 
to prove equally useful in the study 
of both nuclear and optical decay 
schemes, thermonuclear fusion, and 
high-speed digital communications 
and telemetry problems. (310) 

Delay Line 
Has 25 Available Taps 
COLUMBIA TECHNICAL CORP., Wood-
side 77, N.Y. The CTC 1935 was 
developed for use as a phase con-
verter in an operating radar sys-
tem. Measuring 11 by 13 by 2 in., 
it has 25 available taps. Each tap 
represents a 360 deg phase conver-
sion at 6 Mc. Accuracy on each tap 
is -± 10 deg or 4.6 nsec non-accu-
mulative. Therefore, total delay is 
4.166 Lsec ±- 4.6 nsec. Temperature 
coefficient is better than 20 ppm/-
deg C over a temperature excursion 
of — 55 C to ± 85 C. Phase linear-
ity is > ± 1 percent up to 15 Mc 
and attenuation is negligible at 
impedance of 100 ohms. (311) 

PCM Decoder Is 
0.1 Percent Accurate 
CORRELATED DATA SYSTEMS CORP., 

1007 Air Way, Glendale, Calif. 
Model PCMD-1000 provides ground 
station telemetry engineers with a 
convenient way to develop parallel-
binary and analog information 
from a serial digital wave train 
utilizing the NRZ format. Among 

OMARKIGramweld 
Percussive Stud Welding 

.K‘\ 

ID 

GRAMWELD STUDS may 
vary widely in size, shape, 
kind of metal. 

ID Copyright 
1962 by 

developing 
new 
concepts 
in metal 
fastening 
for 
industry 

furl I 

In such diverse areas as space vehicle and 
submarine assembly, electronic equipment and 
electric appliance manufacture, automotive and air-
craft production, and the fabrication of metal cabi-
nets of all description, OMARK Gramweld burn-
and-distortion-free percussive stud welding is now 
providing industry with a new concept in multiple 
metal fastening. 

Utilizing Gramweld stationary and portable ma-
chines this patented system has already proved 
itself in hundreds of applications of studs varying 
widely in design, and welded to metals of differing 
kind and thickness. Substantial savings in time, 
effort and money have resulted. 

To meet your requirements for metal fasten-
ings of exacting specifications, consult the nearest 
of OMARK Industries' 27 factory branches through-
out the U. S. A factory trained, technically qualified 
OMARK Gramweld Percussive Stud Welding repre-
sentative will help solve your problem immediately. 

OMARIC 
Industries, Inc. 

Portland, Oregon • Cincinnati, Ohio 
Guelph, Ontario, Canada 
Amsterdam, Holland • Varberg, Sweden 

Branches in 27 ma¡or U.S. cities 
Consult the "yellow pages" 
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Ielectronics 
Editorial Opportunity 

IT DOESN'T HAPPEN OFTEN, but electronics, "bible of the industry" 
and a McGraw-Hill publication, has an opening for an Assistant Editor. 

Ideally, the man we are looking for and to whom a post on our 
New York staff could be a long-term challenge, would have an electrical 
engineering degree or technical equivalent, practical experience in our 
field and a demonstrated aptitude for editing, writing, reporting. He prob-
ably lives somewhere in the metropolitan area and therefore would have 
no relocation problem. 

Write The Editor, electronics, 330 W. 42nd St., New York 36, stating 
experience, aspirations and past earnings. Mark the envelope "Confiden-
tial" and it will be kept that way. 

January 18, 1963 
11100W 
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GLOW DISCHARGE INDICATOR TUBE 
FOR SMALL SIGNALS (TYPE TG121A) 

"Brand: Digitube" 
The DIGITUBE TG121A is a display indicator specifically designed 
for transistorized equipment, with important advantages over 
neon indicators and miniature incandescent lamps. It can be 
switched on and off by an input signal of a few volts, and thus 
operated directly by transistor output voltage without amplifica-
tion. Since it is a cold cathode device there is no heating problem, 
even when many are used. This, coupled with small size (length 
18mm, diameter 8mm), makes it ideal for miniaturized equipment. 
Characteristics are stable and life is practically limitless. Studies 
have shown that it does not in any way affect the transient 
characteristics of a logic circuit and no circuit compensation is 
required. (See IRE Transactions, PGED, Vol. ED-9 No. 3, May 1962.) 
For details contact our nearest representative. 

FUJITSU LIMITED 
Communication6 and îlectronia 

Tokyo, Japan 

Represented by: U.S.A. HAR-WELL ASSOCIATES, INC. Southbury, Connecticut Phone: 264-3222 THE NISSHO PACIFIC 
CORP 120 Montgomery St. San Francisco 4, California Phone: YUkon 2-7901, 7906 Canada: NISSHO (CANADA) LTD. 
100. University Avenue, Toronto Phone: EMpire 2-4794 United Kingdom: WALMORE ELECTRONICS LIMITED 11-15 
Betterton Street Drury Lane, London W.C. 2 Phone: TEMplebar 0201-5 
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Your electronics BUYERS' 

GUIDE should be kept in 

your office at all times—as 

accessible as your tele-

phone book. 

its many applications are: as a 
converter for analog display of se-
lected pcm telemetry words; as an 

intermediate converter of serial 
binary data to a computer format; 
and as a check-out instrument for 
performance investigation of ana-
log-to-digital converters. Conver-
sion capability is at 5, 6, 7, 8, 9, or 
10 bit levels. 
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Tantalum Capacitor 
For Micromodule Use 
TANSITOR ELECTRONICS, INC., West 

a 
Road, Bennington, Vt., offers a 
disk-shaped tantalum capacitor that 
has outstanding volumetric effi-
ciency compared to that of other 
tantalum capacitors. Designed for 
use in micromodule electronic 
equipment they eliminate the metal 
or epoxy case used on standard foil 
and sintered pellet tantalum ca-

pacitors. An invisible moisture re-
sistant coating serves as the ease 
and provides high stability over the 
operating temperature range of 
—80 to +125 C. Voltage range is 

3 to 35 v; capacitance varies from 
0.12 to 160 id, with a standard 
tolerance of -±20 percent. (313) 

Power Transistor 
Operates at 28 V D-C 
CLARK SEMICONDUCTOR CORP., Wal-

nut Ave., Clark, N. J. The 2N2649 
is a 130 Mc power transistor that 
operates at 28 y d-e with 2 w out-
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put. It is a triple diffused npn mesa 
device and is available in TO-5 and 
other packages. Applications in-
clude telemetry and mobile com-
munications. (314) 

D-C P-M Motor 
Has 3/4-In. Diameter 
U. S. INDUSTRIES, INC., Engineered 
Products Division, 6312 Hollister 
Ave., Goleta, Calif., announces 
model 20276-001 d-c permanent 
magnet motor. The governor is ca-
pable of maintaining less than ±-1 
percent speed regulation over a 25 
to 31 d-c voltage range and a —35 F 
to 160 F temperature range. Unit 
is able to withstand continuous duty 
operation with a life of 300 hr. The 
lightweight compact motor meas-
ures only .î in. in diameter by 1.90 
in. long with governor, or 1.37 in. 
long without governor. Unit can be 
supplied in 24 standard winding 
configurations plus special windings 
to meet customer needs. (315) 

Frequency Meter 
And Preset Counter 
ROBOTOMICS, INC., 4504 N. 16th St., 
Phoenix 16, Ariz. Combined fre-
quency meter and preset counter is 
solid state with in-plane display. 
Model 4202S measures frequency to 
100 Kc, contains self-checking cir-
cuit, and also operates as an add-
subtract preset counter. Miniature 
thumbwheel switches are used for 
presetting. Modular construction is 
used throughout the system. Out-

— provide rapid calibration checks on frequency 
and time standards...frequency comparisons 
against carrier-stabilized frequency transmissions 
— with high accuracy. 

High-Frequency Standards Receiver — an all transistorized superhet-
erodyne receiver designed for reception of WWV and other 
high-frequency standard transmissions. Ideal in precision time meas-
urements, reception of standard audio frequencies, pulse code 
modulation, and radio propagation notices transmitted at these 
frequencies. Local frequency standards comparisons accurate to 1 
part in 10. Operates from either a 115/230-volt power line, or a 
12-volt battery. Send for Bulletin RHF-1. 

Phase Comparison Receiver — used with local frequency standards 
accurate to 1 part in 10 or better. Instrument utilizes the propaga-
tion stability of low-frequency waves, allowing comparisons to an 
accuracy of 5 parts in 10to to be made in one hour. Higher accu-
racies, proportionately longer. This all solid-state unit also includes 
a built-in, servo-driven, strip-chart recorder. Front-panel frequency 
selection permits rapid switching of up to 4 frequencies within the 
range of 10 to 100 KC. Send for Bulletin PCR-1. 

&nisei 
GERTSCH PRODUCTS, INC. 

3211 S. La Cienega Blvd., Los Angeles 16, Calif. • UPton 0-2761 • VErmont 9-2201 
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Primarily for Frequency 
Standard Use Under 
Rigorous Environmental 
Conditions. 

5 
MEGACYCLES 

5th 

OVERTONE 

PRODUCTS' 

Aging: lx 10-9 day.- PrécinenCy Change: • Win 1 'under vibra-
tion of 10 to 200 cps at 10 G, and under 100 G shock when tested per 
MIL-STD 202A Method 202A. Frequency Range: From 4.966 mc to 6.133 
mc. Write for literature to James Knights Company, Sandwich, Illinois. 

See our products display at the Technique & Produits Booth, Salon des Composants Electroniques, 
Paris Feb. 8 through 12. 
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PRECISE, RELIABLE AND RAPID 

COMPARISON OF COMPONENTS 

IMPEDANCE 
COMPARATORS 

• TESTS RESISTORS, CONDENSERS, INDUCTORS 
• Percentage deviation from standard read on 

large meter 
• Rapid response — no buttons to push 
• High accuracy and stability 
• Self calibrating — requires no recalibration 

when changing ranges 

MODEL 60 MODEL 1010 
FREQUENCY   40 CPS Either 1 KC or 10 KC 
FULL SCALE RANGES  ±1%, T.L 5%, 

±-10%, ±.20% 
±-5%, ±10%, ±20% 

IMPEDANCE LIM ITS: 
Resistance   5 ohms to 5 megohms 5 ohms to 5 megohms 
Capacitance   500 rnmfd. to 500 mfd. 50 mmfd. to 10 mfd. 
Inductance   15 millihy. to 10,000 Ny. 100 microhy. to 100 Ny. 

PRICE $199.00 $329.00 

OTHER MODELS AVAILABLE 

MODEL BRIDGE VOLTS FULL SCALE RANGES 
1000 2.5V-1000 CPS ±1, 5, 10% 
1025 2V-1 KC, 25 KC +5, 10, 20% 
400 2.5V-400 CPS -..L-1, 10, 20% 
604 .2V-60 CPS -±1, 2, 10, 20% 
60-I. .6V-60 CPS ±1, 5, 10, 20% 

IT CO 

WRITE FOR CATALOG 

Representatives in Principal Cities 

ANDUSTRIAL TEST EQUIPMENT CO. 
55 EAST 11th STREET • NEW YORK 3, N. Y. 

puts are optional 10-line coinci-
dence, 1248, relay, or other. Unit is 
rack mounted with 7-in, panel, with 
desk top cabinet also available. 
Power required is 115 v, 50-60 cy-
cles, at less than 100 W. 
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Strain Gage Supply 
Has Wide Range 
SYSTEMS RESEARCH CORP., 7635 
Tobias Ave., Van Nuys, Calif. Model 
3506 has front panel plug-in card 
for quick easy access of signal con-
ditioning resistors. Printed card 
has four bridge completion resist-
ors, limiting resistor and five cali-
bration resistors. Other front panel 
controls include range and balance, 
zero button switch and monitor but-
ton switch. Power supply has wide 
range 0-24 y d-c at 200 ma with 
regulation of 0.01 percent. Ripple 
is only 50 ¡Iv and noise is less than 
2 or across a 350 ohm bridge. Iso-
lation is better than 10,000 meg to 
ground. (317) 

I-F Resolver 
Controls Signal Phase 
MERRIMAC RESEARCH AND DEVELOP-

MENT, INC., 517 Lyons Ave., Irving-
ton 11, N. J. A precision i-f re-
solver, for applications requiring 
control of i-f signal phase, has been 
developed. It permits choice of any 
phase angle of an input signal, from 
0 deg to 360 deg. Output amplitude 
is constant. Vernier selector dial 
permits resolution to 0.1 deg, with 
a calibration accuracy of ±-0.1 deg; 
a thumbscrew locks the dial at the 
desired setting. (318) 
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Literature of the Week 

CAPACITORS Aerovox Corp., New Bed-
ford, Mass. Technical and operating 
specifications on Aerofilm type 
V123G and V423G capacitors are 
given in a data sheet. (319) 

EPDXY ADHESIVE Hysol Corp., Olean, 
N. Y. Bulletin A-402 contains tech-
nical data on a high peel strength 
room temperature curing epoxy 
adhesive. (320) 

MOISTURE REGISTER INSTRUMENTS 

Moisture Register Co., 1510 W. 
Chestnut St., Alhambra, Calif. Data 
bulletin describes three new tran-
sistorized electronic moisture met-
ers. (321) 

DATA PRINTERS Clary Corp., 408 Juni-
pero St., San Gabriel, Calif. Form 
SA 113 is a file folder illustrating 
the company's standard military and 
industrial data printers. (322) 

DIGITAL SYSTEMS EQUIPMENT Packard 
Bell Computer, 1905 Armacost Ave., 
Los Angeles 25, Calif. Catalog 
SP-117A contains new information 
on a complete line of digital sys-
tems equipment. (323) 

INERTIAL INSTRUMENTS Giannini Con-
trols Corp., 1600 S. Mountain Ave., 
Duarte, Calif., has published an 
easy-reference catalog listing speci-
fications of a line of advanced accel-
erometers and gyroscopes. (324) 

PHASE COMPARISON RECEIVER Gertseh 
Products, Inc., 3211 S. LaCienega 
Blvd., Los Angeles 16, Calif. Bro-
chure covers an all solid-state re-
ceiver which calibrates precision 
frequency standards against vlf 
radio transmissions. (325) 

HOT-COLD NOISE SOURCE Watkins-John-
son Co., 3333 Hillview Ave., Palo 
Alto, Calif. Technical bulletin de-
scribes type WJ-190 hot-cold noise 
source for measuring noise figure 
in the range of 1-4Gc. (326) 

DIGITAL LOGIC MODULES Computer Con-
trol Co., Inc., Old Connecticut Path, 
Framingham, Mass. Catalog S-2 
covers the full family of S-PAC digi-
tal logic modules. (327) 

VARIABLE RESISTORS CTS of Berne, 
Inc., Berne, Ind., has released three 
catalogs on its line of 275C military 
Cermet variable resistors. (328) 

CAPACITOR LIFE-TEST RESULTS Arco 
Electronics, Inc., Community Drive, 
Great Neck, N. Y. Bulletin 2-62 
details results of a 10,000 hr life 
test on type PJ tubular polystyrene 
capacitors. (329) 

TRANSFORMER ENCYCLOPEDIA Aladdin 
Electronics, Dept. E, Nashville 10, 
Tenn. A 112-page pulse and wide-
band transformer encyclopedia may 
be obtained by requesting on com-
pany letterhead. 

PUSHBUTTON SWITCHES Dialight Corp., 
60 Stewart Ave., Brooklyn 37, N. Y., 

has published catalog No. L-169 on 
Dialco subminiature illuminated 
pushbutton switches and matching 
indicator lights. (330) 

PCM TELEMETRY DECODER Correlated 
Data Systems Corp., 1007 Air Way, 
Glendale, Calif. Brochure sheet 
211-A describes model PCMD-1000 
pcm telemetry decoder. (331) 

LOGIC DESIGN TRANSLATOR Burroughs 
Corp., Detroit 32, Mich. An 8-page 
technical information bulletin re-
prints a paper recently presented on 
a logic design translator. (332) 

COUNTERS AND TIMERS Eldorado Elec-
tronics, 1832 Second St., Berkeley 
10, Calif., has published a bulletin 
on the 780 series solid-state 100 Mc/ 
10 nsec counters and timers. (333) 

RELAYS Ohmite Mfg. Co., 3634 Howard 
St., Skokie, Ill. Bulletin 703 lists 
various ratings of model DOS a-c 
and d-c relays approved under the 
UL Re-examination Service. (334) 

ACCELEROMETERS Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, 
N. J. An illustrated 32-page bro-
chure gives complete information 
on a broad line of self-generating 
piezoelectric accelerometers. (335) 

WATERPROOF PLUGS Cannon Electric 
Co., 3208 Humboldt St., Los Angeles 
31, Calif., has available catalog 
WP-1 describing the W series of 
waterproof plugs. (336) 

INSTRUMENT MOUNT CLAMPS Aeroquip 
Corp., 11214 Exposition Blvd., Los 
Angeles 64, Calif. Bulletin covers 
aircraft instrument panel mounting 
clamps. (337) 

TIMER Automatic Timing & Controls, 
Inc., King of Prussia, Pa. Buletin 
320 covers a timer that automatic-
ally switches electrical circuits on or 
off either after a preset time or dur-
ing the timed period. (338) 

VARIABLE PHASE SHIFTERS Sanders As-
sociates, Inc., 95 Canal St., Nashua, 
N. H. Bulletin TC-120 covers vari-
able phase shifters which can be 
used anywhere in the d-c to 4 Ge 
frequency range. (339) 

NOISE LIMIT INDICATOR B & K Instru-
ments, Inc., 3044 W. 106th St., 
Cleveland 11, O., offers a brochure 
on tht 2211 high-speed noise-limit 
indicator for production-line noise 
and vibration analysis. (340) 

DIGITAL TELEMETER General Electric 
Co., Schenectady 5, N. Y. Bulletin 
GER-1798, six pages, discusses a 
digital telemeter for use with ana-
log telemetering over a single chan-
nel. (341) 

FERRITE SWITCH CORES Electronic Mem-
ories, Inc., 9430 Bellanca Ave., Los 
Angeles 45, Calif. Three 4-page 
specification sheets feature small, 
medium and large-sized ferrite 
switch cores. (342) 

SELL LOCOMOTIVES? 
CERTAINLY NOT! But we 
are industry's best com-
plete source of precision. 
engineered electronic 
connectors for use ln7 

•COMMUNICATIONS 
• CONTROL SYSTEMS • MISSILES 
•INSTRUMENTATION•COMPUTERS 
•TEST EQUIPMENT•AUTOMATION 
• PRINTED CIRCUITRY • RADAR 

Meet all applicable mil. specs. 
We invite you to write for the fol-
lowing details and information. 

iPOWER, 

p9NNECTMi 

I.,,,..,.:, 

Cat. No. MI: Minia-
ture connectors, plug 
and receptacle, rec-
tangular, hexagonal, 
round, and hermetic 
types. Various termi-
nals. Draw-pull and 
screwlock. 

Cat. No. UPCR: 
Printed circuit recep-
tacles (edge connec-
tors). Various termi-
nals and mountings. 

Cat. No. SMI: Sub-
miniature connec-
tors. Plug and recep-
tacle. Rectangular. 
Various terminals. 
Draw-pull and screw-
lock. 

Cat. Power (980-
990): Power connec-
tors. Plug and recep-
tacle. Rectangular. 
Various terminals. 
Draw-pull and screw-
lock. 

Cat. No.SF156UPCC-
A: Two-unit connec-
tors for printed cir-
cuitry and related 
applications. N.A.S. 
and other types. 
Polarized shells. Vari-
ous terminals. Draw-
pull and screwlock. 

U.S. COMPONENTS, INC. 
1320 Zerega Ave., Bronx 62, New York 
TEL: 212-1A 4-1600 • TWX: 212.824-6990 
TELEX: 01-2411 • CAKE: COMPONENTS NM 
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PEOPLE AND PLANTS 

TI Building $4-Million Plant 

TEXAS INSTRUMENTS INCOR-
PORATED announces that con-
struction has begun on a 290,000-
sq-ft multi-purpose building to be 
located on a 350-acre site in Dallas. 

President P. E. Haggerty said 
the cost of the new building, in-
cluding site preparation and park-
ing lots for 1000 automobiles, will 
amount to more than $4 million. 
The plant is scheduled to be 

completed in sections, with partial 
occupancy to begin this fall. 
With the addition of this facil-

ity, TI will have more than a mil-
lion square feet of manufacturing, 
laboratory and office space on this 
Dallas site. Currently, TI owns or 
occupies more than 2.5 million 
square feet of space worldwide, 
with plants in four U. S. cities and 
seven other countries. 
W. F. Joyce, TI senior vice 

president—Operations Service & 
Control, said the new building is 
of multi-purpose design, suitable 
for any of the manufacturing ac-
tivities TI now envisions for the 
Dallas area. Initially, a major por-
tion of the building will be used 
to consolidate some of the elec-
tronic and electromechanical sys-
tems design and manufacture now 
conducted by TI's Apparatus divi-
sion in numerous locations in Dal-
las county. The building also will 
permit expansion of some of the 
operations currently housed in 
TI's 256,000-sq ft Apparatus divi-
sion plant in Dallas. 

Joyce said the building will have 
extreme flexibility and adaptabil-
ity to accommodate fast-changing 
manufacturing technologies. De-
signed along a modular plan, the 
building can be expanded in 
31,000-sq ft increments. Basic site 
Ltilities adequate for a building of 
590,000 sq ft will be installed. 
Among the advanced functional 

concepts to be incorporated in the 
building is a nine foot "space 
frame" between the lower and 
upper levels. It will provide space 
for routing utilities and services 
to any portion of the building and 
make it possible to eliminate ex-
tensive air-conditioning distribu-

tion ducts. This will free produc-
tion areas from the clutter of 
distribution pipes and wires and 
permit flexibility in the placement 
and relocation of equipment. 
Haggerty stated that the start 

of this construction—along with 
other projects in various stages in 
the U.S. and abroad—puts TI 
underway with one of the most 
extensive facilities building pro-
grams in its 33-year history. 

Raytheon Elevates 
Leopoldo Valdes 

LEOPOLDO B. VALDES of Raytheon 
Company's Rheem Semiconductor 
Operation, Mountain View, Calif., 
has been selected as the fifth mem-

ber of the company's newly estab-
lished super professional level with 
the title of consulting engineer. 
The appointment was approved 

by a six-man professional review 
board and was announced by its 
chairman, Martin Schilling, vice 
president-engineering and research. 
The new level permits specialists to 
advance their careers without need 

for accompanying administrative 
responsibilities. 

Indiana General 
Promotes Just 

ROBERT E. JUST has been promoted 
to manager of manufacturing of 
the Magnet division of Indiana Gen-
eral Corp., Valparaiso, Ind. 

Prior to his present position, Just 
was chief industrial engineer of the 
division. 

Hopkins Engineering 
Appoints Lutter 

FRED LUTTER has joined Hopkins En-
gineering Co., San Fernando, Calif., 
as director of engineering and re-
search. Hopkins, a manufacturer of 
capacitors and rfi filters, is a sub-
sidiary of Maxson Electronics Corp. 

Lutter was formerly with The 
Potter Co., Skokie, Ill., and its sub-
sidiaries in management engineer-
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DATA ACQUISITION WITH DYMEC SYSTEMS 

MEASURE AND RECORD DC VOLTS AND 

MILLIVOLTS, FREQUENCY, AC VOLTS, 
RESISTANCE WITH DYMEC STANDARD SYSTEMS 

Dymec Data Acquisition Systems are engi-
neered and packaged for a variety of input and 
output situations. The basic systems measure 
de voltage and frequency. Optional equipment 
permits measurement of ac voltage, 50 cps to 
100 kc; resistance, 100 ohms to 10 megohms full 
scale, and de measurements of 10 mv full scale. 
The measuring element of each Dymec 2010 

standard system is the floated and guarded 
DY-2401A Integrating Digital Voltmeter, which 
permits accurate low-level measurements even 
in the presence of severe common mode and 
superimposed noise. 
A family of standard systems has been engi-

neered so you can choose your desired input and 
output characteristics. Standard input scanners 
accommodate up to 25 signal sources (expand-
able to 100 channels with slave scanners), and 
200 3-wire guarded inputs or 600 non-guarded 
1-wire inputs. Output capabilities include 
printed tape and punched tape. 
The DY-2010A system, pictured here, scans 

up to 25 3-wire signal sources, programs the 
digital voltmeter to measure different types and 
levels of signals, measures the signals and logs 
measurements on a digital printer. 
Advantages common to all systems of the 

DY-2010 Series are modest cost, fast delivery, 
high reliability derived from standard design 
and construction, and proved performance. You 
get a pre-designed, tested system. 

DY-2010A-M2 
(includes 
optional ac 
and ohms 
measurement 
capability) 

You don't have to wait—or pay—for "cus-
tom" engineering, fabrication or testing time. 

Major characteristics of the 2010 Series 
standard systems are listed in the chart below. 
Other systems are available to fit many addi-
tional requirements. 

Check for the system that meets your requirement, 

then call or write your Hewlett-Packard/Dymec representative for complete information. 

DY-2010A DY-2010B DV-2010C I DY-2010D 

Scanner input Up to 25 3-wire signal sources; to 100 channels with 
slave scanners; programming capability permits 
measurement of mixed types and levels of signals 

Up to 200 guarded 3-wire inputs; to 600 non-guarded 
1-wire inputs 

Voltage Ranges 100 mv to 1000 y full scale; overranging to -+- 300% of full scale on four most sensitive ranges; 0.01% stability 
on four highest ranges 

Frequency Ranges 10 cps to 300 kc; sample period 0.01, 0.1 or 1.0 sec.; accuracy I: 1 digit J.: time base accuracy 

Display 5 digits of data, range, function (polarity), channel number, all included in front panel readout, logged on 
output recording device 

Measurement Speed Up to 5 channels per sec Up to 10 channels per sec Up to 5 channels per sec Up to 10 channels per sec 

Effective Common 
Mode Rejection 

105 db 105 db 130 db 130 db 

Output Printed paper tape 
(9 column, alphanumeric) 

Perforated tape 
(10 character, 8-level 

IBM code) 

Printed paper tape 
(10 column, 

alphanumeric) 

Perforated tape 
(10 character, 8 - level 

IBM code) 

Price $8,675 $10,800 $10,965 $12,850 

Options Time of day information, ac voltage and resistance measurements, 10 mv full-scale sensitivity, cabinet 

8209 

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

.0 Y/1/1 E 
A Division of Hewlett-Packard Company 

Dept E-118, 395 Page Mill Road, Palo Alto, Calif. Phone (415) 326-1755 TWX 415-492-9363 
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ing capacities for 13 years and prior 
to that with Lockheed at Marietta, 
Ga. 

Aircraft Armaments 
Advances Gable 

WILLIAM H. GABLE has advanced to 
the post of director of engineering 
at Aircraft Armaments, Inc., 
Cockeysville, Md. He will be re-
sponsible for the overall manage-
ment of the company's electronic 
and electromechanical development 
and design engineering activities. 
The engineering division, now 

approximately 400 people, is en-
gaged in the development of mis-
sile training and simulation sys-

tems, test and checkout equipment 
for electronic systems and sub-sys-
tems, special digital and analog 
computer systems, as well as high 
frequency and microwave accessory 
equipment. 

Murphy Assumes 
New Position 

BERNARD MURPHY has been ap-
pointed to the new position of vice 
president—international operations 
for Electronic Associates, Inc. 
Formerly vice president in charge 

of EAI's European division with 
headquarters at Burgess Hill, Eng-
land, Murphy will direct interna-
tional operations from Long 

Branch, N. J., the company's head-
quarters. He has been associated 
with EAI's overseas activities since 
1957. 
EAI is a diversified instrument 

and computer manufacturer. 

RCA Names Kelly 
To Fill New Post 

APPOINTMENT of R. L. Kelly as ad-
ministrator, product assurance, 
RCA Semiconductor & Materials di-
vision, Somerville, N. J., has been 
announced. 

Kelly, who joined RCA in 1936 as 
an application engineer in the Elec-
tron Tube division, Harrison, N. J., 
has served since 1957 as technical 
coordinator for the commercial 
manager of that division. 

Stancor Electronics 
Promotes Williams 

STANCOR ELECTRONICS, INC., Chi-
cago, Ill., has named Oliver Wil-
liams as chief engineer, magnetic 
components. In this capacity he 
will supervise both the transformer 
and the filter design groups. 

Williams joined Stancor in 1951. 

Elektron Standard 
Hires Hudolin 

ELEKTRON STANDARD, INC., South 
Windsor, Conn., recently appointed 

Herbert Hudolin as senior project 
engineer. He assumes project re-
sponsibility for continued research 
in the field of electron beam tech-
nology with particular emphasis in 
the aerospace industry. 

Prior to coming to Elektron 
Standard, Hudolin was with the 
Hamilton Standard division of 
United Aircraft Corp. where he was 
involved in the development of 
Hamilton-Zeiss el ectr on beam 
equipment. More recently, his work 
included the application of electron 
beam technology to micro elec-
tronics. 

Appoint Kennedy 
Velonex Manager 

DAN T. KENNEDY has been named to 
the post of manager of newly 
formed Velonex of Santa Clara, 
Calif. Velonex, a manufacturer of 
electronic instruments, is a division 
of Pulse Engineering, Inc. 
Kennedy was formerly chief en-

gineer of the parent company. 

Control Science 
Appoints Dudley 

CONTROL SCIENCE CORP., Alexandria, 
Va., announces the appointment of 
H. Lane Dudley to the position of 
president of the company. He was 
also elected to the board of di-
rectors. 

Dudley was formerly manager of 
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Radar Engineers 
Major projects at Hughes-Fullerton in Southern 
California include multidimensional, electronic-
ally-scanned, array radars for defense and space 
systems and a variety of even more advanced 
R & D contracts and studies. 

Rewarding professional assignments are avail-
able NOW for engineers qualified in: 

• Waveform Coding 
• LASER/MASER 
Applications 

• Pulsed Doppler 
• Pulse Compression 
• Automatic Detection 
• Pattern Recognition 
• ECNI/ECCPA Studies 
• Range Instrumentation 

Opportunities also exist in RF Circuit Design, An-
tennas, Microwave Components, Signal Processing, 
Low-noise Circuits,Transmitter Design, Power Sup-
plies, Receiver Circuitry and Packaging. 

Located in Southern California's Orange County 
(the nation's fastest-growing electronics center), 
Hughes-Fullerton offers you a stimulating working 
Ind living environment, top-flight associates, un-
equalled facilities and long-term stability. 

CALL COLLECT for full information: MR. J. E. 
TENNEY, Supervisor, Professional Staffing, TRojan 
1-4080, Ext. 3741 or airmail resume to: HUGHES-
FULLERTON R& D, P.O. Box 3310,Fullerton, Calif. 

An equal opportunity employer. 

I HUGHES: 
 _J 
HUGHES AIRCRAFT COMPANY 

Are you selling the 
whole buying team 
Tough competition demands that the 
electronics man be reached and sold 
wherever you find him: Research, 
Design, Production, and Manage-
ment. Only advertising in electronics 
reaches all four.., the same men your 
salesmen call on. Put your advertis-
ing where it works hardest... .. 

This announcement is neither an offer to sell nor a solicitation of an offer to buy these 
securities. The offer is made only by the Prospectus. 

Not a New Issue  

215,426 Shares 

Litton Industries, Inc. 
Common Stock 

$1 Par Value 

Price $67.25 per Share 

Copies of the Prospectus may be obtained in any State only from such 
of the several Underwriters, including the undersigned, as 

may lawfully offer these securities in such State. 

Lehman Brothers Clark, Dodge& Co. Goldman, Sachs &Co. 
Incorporated 

January 11, 1963. 
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Our new silicon transistor 
operational amplifiers for 
analog instrumentation 
offer: 

D Wide range of specifica-
tions, catalog units for 
most applications. 

n Encapsulated for rugged-
ness, environmental pro-
tection and stability. 

D Grid-spaced pins for plug-
in or card mounting. 
o Prices from $85. (as low 

as $68. in quantity). 

For complete data 
write or call: 

NEXUS 
RESEARCH LABORATORY: INC. 

19 NEEDHAM ST., DEDHAM. MASS. TEL. 326-8414 

CIRCLE 202 ON READER SERVICE CARD 

• SCAN CONVERSION 
• FLICKERLESS 

DISPLAY STORE 
• VIDEO STORAGE 
RECORDING STORAGE TUBE SYSTEMS 

Single-gun, dual-gun, multi-tube 
systems to convert scan for radar, 
sonar, television, and to perform 
analog processing, data analysis, 
contract or expand time scale, 
auto correlation. 

• SLOWED TELEVISION 
TRANSMISSION 
by telephone line or other narrow-
band systems. 

• IMAGE ENGINEERING 
OPTICAL CHART READERS, FLY-
ING SPOT SCANNERS, LOW-LIGHT-
LEVEL CAMERAS, and IMAGE 
RECTIFICATION. Automatic inspec-
tion and recognition of size, shape, 
color, and texture. 

• 
lu&n:Mrite or call for 

complete information: 

4/„.7 INSTRUMENTS. Inc. 

2300 Washington Street Q Newton 62, Massachusetts 
617 WOodward 9-8440 

reliability for the Minuteman divi-

sion of MeIpar, Inc. 

North Atlantic 
Names Perlmutter 

APPOINTMENT of Alvin M. Perlmut-
ter to the position of senior devel-
opment engineer at North Atlantic 
Industries, Inc., Plainview, N. Y., is 
announced. He assumes responsi-
bility for the company's Polaris 
Program Servo Repeater section. 

Prior to his association with 
North Atlantic, Perlmutter was 
chief engineer of the Tare Electron-
ics division of Gotham Broadcast-
ing Co. 

Martin Electronics 
Assigns Horwinski 

E. R. HORWINSKI has been appointed 
director of European special proj-
ects for the Electronic Systems and 
Products division of the Martin Co., 
Baltimore, Md. He will be located 
at the company's office in Paris. 

Prior to joining Martin Electron-
ics, Horwinski had been chief engi-
neer for Materials and Construc-
tions Inc., Paris, since 1958. 

Federal Scientific 
Appoints Vogel 

APPOINTMENT of Reinhold Vogel as 
chief design engineer at Federal 

Scientific Corp., New York, is an-
nounced. He was formerly senior 
project engineer. 

Prior to joining Federal in 1957, 

Vogel was on the technical staff of 
the Electronics Research Labora-
tories at Columbia University, and 
at the Federal Telecommunications 
Laboratories. 

Federal Scientific Corp., a sub-
sidiary of Polarad Electronics 
Corp., is engaged in the research 
and development of advanced elec-
tronic systems. 

PEOPLE IN BRIEF 

George F. Quittner promoted to 
director of research at Assembly 
Products, Inc. G. E. Tralle moves 
up to head of the Applications 
dept. of Sylvania's Microwave De-
vice div. Loral Electronics Corp. 
advances three men to managerial 
posts: Milton Brenner named chief 
engineer, development; Murray 
Ginsberg appointed chief engineer, 
advanced systems; Harold Sondik 
becomes product assurance mgr. 
Morris L. Soifert, formerly with 
Apogee Electronics Co., now direc-
tor of engineering for Schaevitz 
Engineering. Fred Lorge, with 
Kings Electronics Co., Inc., since 
its founding in 1943, elected presi-
dent of the company. Nicholas K. 
Marshall, ex-Lockheed Missiles 
and Space Co., appointed chief en-
gineer for Guidance Controls Corp. 
Beckman Instruments, Inc. ups 
Abe Klein to product design mgr. 
for the Spinco div. James Nicol 
leaves A. D. Little, Inc.. to join 
Cryonetics Corp. as director of 
research. Donald B. Nason, re-
cently with Baldwin Military and 
Industrial Products div., now mgr. 
of the special programs div. of 
Sanders Associates, Inc. E. G. 
Riley, previously with Marquardt 
Corp., named director of advanced 
planning for the ACF Electronics 
div. of ACF Industries. Saul 
Decker elevated to director of en-
gineering of Symphonic Electronic 
Corp. Ralph R. Ragan, from MIT's 
Instrumentation Lab to Raytheon 
Co. as mgr. of the Sudbury, Mass., 
operation in its Missile & Space 
div. Peter M. Kelly promoted to 
director of the Advanced Tech-
nology Laboratory of Philco's Com-
munications and Electronics div. 
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College graduates are penetrating more and 
more into industry. Now 58% of the graduates 
of men's colleges land jobs directly on the 
corporate payroll. 

Business gets the lion's share of the college 
product because business needs it and can pro-
vide challenge and opportunity to the oncom-
ing classes. About 88% of executive posts in 
business are held by college alumni, according 
to a recent study of the 100 largest corpora-
tions. 

Business always will need the college-trained 
mind for the brainpower that management re-

• quires and the brainwork that research and 
development demand. Competition by busi-
ness for the ablest graduates grows sharper 
every year. 

But the cost of leadership is going up. The up-
ward surge in our birthrate, plus a rapid rise 
in the percentage of high school students go-
ing on to college, has caught colleges in a 

financial squeeze. Some face serious shortages 
in classrooms, laboratories, libraries and, 
above all, in competent teachers. 

Corporate support of higher education in ten 
years has risen substantially to more than 
$200 million for 1962. By 1970 this investment 
in educated manpower will need to reach $500 
million annually if business wishes to insure 
the continued effective operation of the 
sources of supply. 

College is business' best friend, certainly. But 
business recognizes that it must give as well 
as get. Higher education needs financial help 
and needs it now. Business should re-examine 
its needs and plan its support accordingly. 

If you would like factual data on what the college 
crisis means to you, to business and to the nation, write 
for the free booklet: "COLLEGE IS AMERICA'S BEST 

FRIEND", c/o Higher Education, Box 36, Times Square 

Station, New York 36, N. Y. 

SUPPORT THE COLLEGE OF YOUR CHOICE 
Published as a service in cooperation with The Advertising Council 

and the Council for Financial Aid to Education. 

•••• :HIGHER EDUCATION 

KEEP ir BRIGHT. 
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EMPLOYMENT OPPORTUNITIES 

electronics 
WEEKLY QUALIFICATION FORM 
FOR POSITIONS AVAILABLE 

ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 

This Qualification Form is designed to help you advance in the elec-

tronics industry. It is unique and compact. Designed with the assistance 

of professional personnel management, it isolates specific experience 

in electronics and deals only in essential background information. 

The advertisers listed here are seeking professional experience. Fill in 

the Qualification Form below. 

STRICTLY CONFIDENTIAL 

Your Qualification form will be handled as "Strictly Confidential" by 

ELECTRONICS. Our pr ing system is such that your form will be 

forwarded within 24 hours to the proper executives in the companies 

you select. You will be contacted at your home by the interested 

campa nies. 

WHAT TO DO 

1. Review the positions in the advertisements. 

2. Select those for which you qualify. 

3. Notice the key numbers. 

4. Circle the corresponding key number below the Qualification Form. 

5. Fill out the form completely. Please print clearly. 

6. Mail to: Classified Advertising Div., ELECTRONICS, Box 12, New 

York 36, N. Y. (No charge, of course). 

COMPANY 

ATOMIC PERSONNEL INC. 
Philadelphia, Penna. 

BELL AEROSYSTEMS CO 
Division of Bell Aerospace Corporation 
A Textron Company, Buffalo 5, N. Y. 

COLLINS RADIO COMPANY 
Cedar Rapids, Iowa 

CURTISS WRIGHT CORPORATION 
Electronics Division 
Paterson, N. J. 

DAYSTROM, INC. 
Electric Division 
Poughkeepsie, N. Y. 

DOUGLAS AIRCRAFT CO. 
Missile & Space Systems Division 
Santa Monica, California 

GENERAL ELECTRIC CO. 
Apollo Support Department 
Daytona Beach, Florida 

GRUMMAN AIRCRAFT ENG I NE ERI NG CORP. 
Bethpage, L. I., New York 

HIGH VOLTAGE ENGINEERING CORP. 
Burlington, Mass. 

LOCKHEED MISSILES & SPACE COMPANY 
Sunnyvale, California 

NASA MANNED SPACECRAFT CENTER 
Houston 1, Texas 

NATIONAL CASH REGISTER COMPANY 
Dayton, Ohio 

NORTHROP CORPORATION 
Beverly Hills, California 

PHILCO WESTERN DEVELOPMENT LABORATORIES 
Palo Alto, Calif. 

ROME AIR MATERIEL AREA (AFLC) 
Griffiss Air Force Base, Rome, N. Y. 

U.S.A.F. INERTIAL GUIDANCE 
Maintenance and Standards 
Calibration Center, Newark Air Force Station 
Newark, Ohio 

• These advertisements appeared in the Jan. 1 I th. issue. 

SEE PAGE KEY # 

84* 1 

93 2 

22* 3 

66, 67* 4 

93 5 

55* 6 

83* 7 

91, 92 8 

75* 9 

77 10 

80* 11 

84* 12 

63* 13 

20* 14 

94 15 

85* 16 
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(cut here) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
(Please type or print clearly. Necessary for reproduction.) 

Personal Background 

NAME   PROFESSIONAL DEGREE(S) 

HOME ADDRESS   

CITY  ZONE STATE  

HOME TELEPHONE   

Education 

(cut hem) 

MAJOR(S)   

UNIVERSITY   

DATE(S)   

FIELDS OF EXPERIENCE (Please Check) 

El Aerospace 

D Antennas 

D ASW 
D Circuits 

El Communications 

D Components 

D Computers 

D ECM 
D Electron Tubes 

D Engineering Writing 

D Fire Control D Radar 
D Human Factors 

El Infrared 

El Instrumentation 

Medicine 

El Microwave 

D Navigation 

D Operations 

D Optics 
D Packaging 

Research 

11863 

D Radio—TV 
D Simulators 

D Solid State 

D Telemetry 

D Transformers 

D Other   

CATEGORY OF SPECIALIZATION 
Please indicate number of months 

experience on proper lines. 
Technical Supervisory 
Experience Experience 
(Months) (Mental) 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model) 
DESIGN 
(Product) 
MANUFACTURING 
(Product) 
FIELD 
(Service) 
SALES 
(Proposals & Products) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
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LUNAR LANDING 

AND RENDEZVOUS 

PROGRAM OFFERS 

ENGINEERS & 

SCIENTISTS 

THE GREATEST 

TECHNICAL CHALLENGE 

OF OUR TIMES 
The selection of Grumman to design, develop 
and fabricate the NASA Lunar Excursion Module 
(LEM) which will be used to achieve the Apollo 
program's goal of landing astronauts on the 
moon, opens a new chapter in the conquest of 
space. Boosted by a three-stage Saturn C-5 
vehicle, the Apollo spacecraft will enter lunar 
orbit and LEM will separate from the spacecraft 
to begin its epoch-making descent to the 
lunar surface. 

Later, it will launch itself back into orbit and 
rendezvous with the Apollo Command and 
Service Modules permitting the lunar astronauts 
to return to earth, while the LEM is jettisoned 
into lunar orbit. 

The Lunar Excursion Module and other space 
programs at Grumman are creating unprecedented 
professional opportunities at the company. 
Make 1963 a year of personal achievement in an 
endeavor that ranks among the greatest of all 
times. Current requirements are detailed on the 
next page. We invite your inquiry on the attached 
inquiry form or by personal resume to Mr. W. 
Brown, Manager Engineering Employment, 
Dept. GR76. 

GRUMMAN 
AIRCRAFT ENGINEERING CORPORATION 

Bethpage • Long Island • New York 
(An Equal Opportunity Employer) 
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ENGINEERS 8t SCIENTISTS 
Explore these immediately available positions: 

Antenna Design Engineers — B.S. in E.E. or Physics with a minimum 
of 3 years experience in antenna design. Background in classical 
electro magnetic theory and advanced math essential. Work consists 
of analysis and synthesis of antennas on current and advanced de-
signs for space applications including the use of the IBM computer 
facilities to develop design techniques. 

Radar Development Engineers — B.S.E.E. with a minimum of 4 years 
experience in the analysis, design and development of airborne radar 
systems. Should be capable of analyzing the radar system with the 
end view of integrating the equipment into a complex space vehicle 
system. Will fully participate in laboratory and flight development 
program conducted in the finest facilities available in a professional 
atmosphere. 

Communications Systems Engineers—Electronic Engineers with thor-
ough knowledge of communications techniques who wish to extend 
their technical background to new challenging areas. Should possess 
complete understanding of latest modulation techniques, as well as 
be knowledgeable of data handling requirements. An important phase 
of this effort will be extensive laboratory development programs in 
our Electronics Systems Center using the finest of equipment and 
facilities. B.S.E.E. with a minimum of 3 years experience. 

Navigation & Guidance Systems Engineers — B.S. in E.E. or Physics 
with a minimum of 5 years experience in navigation and systems. 
Responsibilities involve the design and development of advanced 
guidance system for spacecraft. Must have demonstrated the ability 
to synthesize the system and carry it through from analytic concepts 
to development of hardware. 

Flight Control Systems Engineers — E.E. or Physics degree with a 
minimum of 5 years experience in the design and development of 
auto-pilot and flight simulators. Work will involve the development of 
spacecraft flight control systems and the establishment of automatic 
test equipment requirements. 

Space Power Engineers — E.E. or Physicist with understanding of 
electrical energy generation, thermodynamics and preferably some 
knowledge of direct conversion of electrical energy from heat and 
solar energy. To analyze and compare sizes, weights, efficiencies of 
various means of obtaining electrical energy from solar, nuclear and 
chemical energy; to perform preliminary design of secondary power 
systems for satellites and space vehicles; to participate in hardware 
development programs. 

Data Processing Engineers — Background in digital data processing, 
logic circuit design, memory devices. 11-F modulation techniques 
and related digital techniques required. Opportunity to participate in 
advanced design of systems concepts and hardware development. 
B.S.E.E. or B.S. In physics with a minimum of 3 years applicable 
experience is required. 

Digital Circuits Engineers — Experience in logical design and transis-
tor pulse circuit design for work on complex digital data systems. 
B.S.E.E. or B.S. in Physics with a minimum of 3 years applicable 
experience is required. 

Television Systems Engineers — BSEE or BS in Physics with a mini-
mum of 3 years experience in the fields of television systems. Work 
involves the analysis, evaluation, design and development of ad-
vanced television systems to be integrated into complex space 
vehicle systems. Considerable portion of effort involves laboratory 
and flight development programs. 

Controls & Displays Systems Engineers — BSEE with 3 years experi-
ence in the design of controls and displays systems. A knowledge of 
the state of the art display techniques is essential. Responsibilities 
will include design and development of controls and displays systems 
for space vehicle systems. 

Electronic Liaison Test Engineers— BSEE or equivalent with minimum 
of 8-10 years experience in one or more of the following areas: Iner-
tial navigation, radar, digital computers, communications, power sys-
tems, RFI and flight controls. To be assigned, after suitable training, 
to test teams responsible for test plans as well as for directing fac-
tory technicians assigned to vehicle system tests. Expected to resolve 
technical problems as they arise. Field engineering experience de. 
sirable. 

Instrumentation Systems Engineers — BS in EE, ME of Physics, with 
2 to 7 years experience with either analog or digital instrumentation 
systems. Areas of particular interest are: Transducers, signal con-
ditioners, commutation and data handling equipment. 

Make 1963 a year of personal achievement in an endeavor that ranks 
among the greatest of all time. Mail the attached Inquiry form fo Mr. 
W. Brown, Manager, Engineering Employment, Dept. GR 76. 

GRUMMAN 
AIRCRAFT ENGINEERING CORPORATION 

Bethpage • Long Island • New York 

(Ala Equal Opportunity Employer) 
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To Men Who Can Look Deep 

SENIOR LEVEL POSITIONS ARE OPEN NOW IN 

SPACE ELECTRONICS  
ADVANCED R&D ENGINEERS 
For work beyond the state-of-the-
art associated with diversified prod-
uct lines, involving solid state, con-
trols and communications. 

ADVANCED SYSTEMS ENGINEERS 
For advanced systems work involv-
ing inertial guidance, command and 
control, radar and data link for ap-
plication in armed helicopters, lu-
nar landing, earth satellites, weap-
ons and moon excursion vehicles. 

LASER DEVELOPMENT 
ENGINEERS 
For project engineering in the in-
vestigation of laser applications, 
and for theoretical analyses involv-
ing molecular quantum mechanics. 

RADAR DEVELOPMENT ENGINEERS 
For R&D work in solid state, circuit 
design, systems analysis and radar 
systems integration in both military 
contracts and company funded 
programs. 

CONTROL SYSTEMS ENGINEERS 
For systems and analysis work in-
volving air traffic control, target 
locator, space electrical, visual sim-
ulator and feedback control systems. 

OPTICAL SYSTEMS 
DEVELOPMENT ENGINEERS 
For assignment to a variety of pro-
grams including visual simulators 
for space applications, fire control 
systems, telescopes and digital-to-
voice converters. 

Into Tomorrow 

Top echelon positions are open to men with 
vision at Bell Aerosystems Co. This growing 
organization today needs more senior scientists 
and engineers who can perceive where tech-
nology should go to meet tomorrow's aerospace 
requirements — and lead the way to advances 
beyond the existing state-of-the-art. 
Vision coupled with sound engineering judg-

ment has always been characteristic of this Com-
pany, as exemplified by such achievements as: 

• HIPERNAS (High PERformance NAvigational 
System), the most accurate, pure inertial, self-
compensating navigation and guidance sys-
tem known, diversely applied in strategic and 
tactical missiles, aircraft, space vehicles, 
ships and submarines. 

• The FIRST all-weather, automatic aircraft 
landing system which can touch down 2 planes 
a minute even through dense fog. 

Engineers and Physicists with thorough back-
ground in any of the areas listed are invited to 
inquire about these high level opportunities. 
Please address Mr. T. C. Fritschi, Dept. G18. 

BELL AERIDSYSTENIS CO. 
DIVISION OF BELL AEROSPACE CORPORATION —A tM.,XOI10  COMPANY 

An Equal Opportunity Employer P.O. Box 9, Buffalo 5, New York 

ELECTRONIC ENGINEERS 
Are invited to join the Daystrom Electric Scientists and Engineers whose ideas have con-
tributed to new concepts in the field of ASW 

The following opportunities offer unlimited professional growth in ASW applied research 
and systems project engineering: 

SENIOR ELECTRONIC ENGINEERS 
For research and advanced development in the areas of special study and application in ASW 
systems, design of electronic instrumentation, analytical and experimental treatment of scientific 
research problems in acoustics, electronics information theory, sound analysis, signal detection 
and processing, at sea applied research field trips, transistor circuit design. 

MECHANICAL ENGINEER 
Broad M.E. background, oceanographic instrumentation experience and knowledge of ship board 
handling equipment, design of special winches, hydraulic systems and oceanographic equipment. 
Alternate background acceptable is work experience similar to oil well drilling and logging 
equipment. 

TRANSDUCER ENGINEERING MANAGER 
Manage complete program of sonar transducer research and development. Responsible *for project 
administration, planning, direction of proposals and technical guidance of the transducer engi-
neering (Irwin. 

ASSOCIATE ELECTRONIC ENGINEERS 
Electronic Engineering graduate with one to two years work experience to enter the fields of 
acoustics, signal detection and oceanographic instrumentation. 

COMPUTER SERVICE SUPERVISOR 
Physics and mathematics major with Fortran and Format programming experience required. 
Assignments are in the math area of systems analysis, applied mathematics. Participate in 
operations research, systems evaluation: give analytical support to advanced R & D programs. 
Supervise associate mathematicians and programmers. 

For additional information about these assignments I:je le% Write to Mr. P. V. Peters . . . Please enclose resume. 
.. 

*I DAYST RC) M 'INCORPORATED 
'e nine ELECTRIC DIVISION 

229 Manchester Road, Poughkeepsie, N. Y. 

An Equal Opportunity Employer 

EMPLOYMENT OPPORTUNITIES 
The Advertisements in this section include all employment opportunities--execu. 
five, management, technical, selling, office, skilled, manual. etc. Look in the 
forward section of the magazine for additional Employment Opportunities 
advertising. 

Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 

SEARCHLIGHT 
SECTION 

(Classified Advertising) 

BUSINESS OPPORTUNITIES 

EQUIPMENT - USED or RESALE 

DISPLAYED RATE 
The advertising rate is $27.25 per Inch for all ad-
vertising appearing on other than a contract basis. 
Contract rates, quoted on request. AN ADVER-
TISING INCII is measured % Inch vertically on 
ene column, 3 columns-30 inches—to a page. 
EQUIPMENT WANTED or FOR SALE ADVER-
TISE5IENTS acceptable only in Displayed Style. 

UNDISPLAYED RATE 
$2.70 a line, minimum 3 lines. To figure advance 
payment count 5 average words as a line. 

PROPOSALS, $2.70 a line an insertion. 
BOX NUMBERS count as one line additional in 
undisplayed ads. 

DISCOUNT OF 10% if full payment is made in 
advance for four consecutive insertions of undis-
Played ads (not including proposals). 

FOR RESEARCH— DEVELOPMENT 
& EXPERIMENTAL WORK 

Over 10,000 different electronic parts: wave-
guide, radar components and parts, test sets, 
pulsers, antennas, pulse mfr.', magnetrons. 
IF and pulse amplifiers, dynamotor:. 400 cycle 
xmfrs, 584 ant, pedestals. eta. 
PRICES AT A FRACTION OF ORIGINAL CORTI 
COMMUNICATIONS EQUIP CO. 
343 CANAL ST., N. Y, 11 WO 6.4045 

CHAS. ROSEN (Fomerly at 131 Liberty St.) 

CIRCLE 950 ON READER SERVICE CARD 

RADIO RESEARCH INSTRUMENT CO. 
AUTO-TRACK & TELEMETRY ANTENNA PEDESTALS 
3 & 10 CM. SCR. 584 AUTOTRACK RADARS. 
AN/TPS-ID SEARCH. AN/TPS-10 HT. FINDERS. 
AN/FPN-32GCA. AN/APS-10 NOVIO. & WEATHER. 
AN/APS-15B PRECISION. AN/APO-35B PRECISION. 
AN/APS-31A SEARCH, DOZENS MORE. 
.5-1-2 MEGAWATT HIGH POWER PULSERS. 

RADIO RESEARCH INSTRUMENT CO. 
550 Fifth Ave., New York Judson 6.4681 

RADAR SYSTEMS & COMPONENTS/ IMEIMITtE 
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"IN-SERVICE" ENGINEERS 
ROME AIR MATERIEL AREA 

(A major component of Air Force 
Logistics Command) 

Rome Air Materiel Area has been 
assigned the mission of provid-
ing Ground Communications-Elec-
tronic logistic support to the Air 
Force. A very vital facet for ful-
filling this responsibility involves 
those engineering functions neces-
sary to insure the performance 
integrity of the C-E equipments 
and systems once they become 
operational. 

TYPICAL RESPONSIBILITIES OF ROAMAs 
"IN-SERVICE ENGINEERS" ARE: 

— Modification or rehabilitation of opera-
tional Ground CAE equipments by correc-
tion of design deficiencies. 

— Development of engineering specifications 
for support of procurement. 

— Providing engineering design criteria to 
insure maintainability, serviceability and 
reliability of operational CAE equipment. 

- Performing engineering liaison with AF 
Contractors. 

CURRENT AND FUTURE ASSIGNMENTS 
CREATE AN EVER INCREASING DEMAND 
FOR: 

Electronic Engineers (all options) 
Electrical Engineers 
Mechanical Engineers 
General Engineers 

TO MONITOR AND PERFORM WORK ON 
VITAL PROJECTS IN THE FOLLOWING AREAS: 

Search and Detection Radar 
Missile Guidance and Tracking 
Digital and Analog Computers 
Beacon and Identification Equipments 
ICBM Communications Sub-Systems 
Communications Ancillary Equipments 
Electronics Systems (Warning, Intelligence, 
Command, Support) 

We have an immediate and urgent 
need for Graduate engineers, to 
insure the operational readiness 
of Ground C-E systems and equip-
ments. Current demands at Rome 
Air Materiel Area for in-service 
engineering support are heavy. 
Increased mission responsibilities 
will entail even heavier demands 
in the future. 

ROAMAs Directorate of Materiel 
Management provides an im-
mediate career opportunity for 
graduate Electronic, Electrical, 
General and Mechanical Engi-
neers. Ground Communications 
and operational Electronics Sys-
tems and Equipments are subject 
to continuous change consistent 
with advances in the state of the 
art. Keep abreast of the con-
tinuous scientific advancements as 
a contributor to the engineering 
accomplishments of the Air Force 
in the highly specialized fields of 
communications electronics. 

For more information 
about Air Force Civilian 
career opportunities in 
"In-Service" Engineering 
submit your resume to: 

Mr. William Pagano 
Professional Scientific 

Recruiter 
ROAMA 
GRIFFISS AIR FORCE BASE 
Rome, New York 

 ̂

electronics IS EDITED 

TO KEEP YOU FULLY INFORMED 

—a "well-rounded" engineer 

What's your present job in electronics? Do 

you work on computers? (electronics ran 158 

articles on computers between July, 1961 and 

June, 1962!) Are you in semiconductors? (For 

the same period, electronics had 99 articles, 

not including transistors, solid-state physics, 

diodes, crystals, etc.) Are you in military elec-

tronics? (electronics had 179 articles, not in-

cluding those on aircraft, missiles, radar, etc.) 

In all, electronics' 28-man editorial staff pro-

vided more than 3,000 editorial pages to keep 

you abreast of all the technical developments hi 

the industry. No matter where you work today 

or in which job function(s), electronics will 

keep you fully informed. Subscribe today via 

the Reader Service Card in this issue. Only 71/2 

cents a copy at the 3 year rate. 

electronics 
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INDEX TO ADVERTISERS 

Audited Paid Circulation 

• APM Hexseal Corp  26 

Airpax Electronics, Inc 2nd Cover 

Allen Organ Co  34 

Ampex Corporation   57 

Bean & Co., Morris  95 

Beaver Gear Works, Inc  78 

• Bird Electronic Corporation  67 

• Brush Instruments 
Div. of Clevite Corp 3rd Cover 

Burroughs Corporation 
Electronic Components Div  

Nexus Research Laboratory, Inc  88 

• North Atlantic Industries, Inc  61 

OKI Electric Industry Co., Ltd  

Omark Industries, Inc  

90 

79 

• Potter Instrument Co., Inc  19 

Princeton Applied Research Corp  13 

65 • Radio Corporation of America .4th Cover 

• Chester Cable Corp 72, 73 

• Coto-Coil Co., Inc  95 

Cubic Corp.   20 

Data-Control Systems, Inc  

Delco Radio   

• Durant Manufacturing Co  

Dymec 
A Division of Hewlett Packard Co  

Fairchild Stratos 
Electronic Systems Div  

• Federation Nationale Des Industries 
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Fujitsu Ltd.   

33 

55 

71 

• Rixon Electronics, Inc  78 

Sanders Associates, Inc  14 

• Southern Electronics Corp  64 

Sprague Electric Co  9 

• Tech Laboratories, Inc.   30 

Tektronix, Inc.   15 

Texas Instruments Incorporated 
85 Industrial Products Group  29 

• Transition Electronic Corp  17 

21 • U. S. Components Inc    83 

60 

80 Virginia Electric & Power Co  10 

Genistron Inc. 
Sub. of Genisco Inc  96 

Gertsch Products, Inc  81 

Gudebrod Bros. Silk Co., Inc.  32 

Heinemann Electric Co  23 

Heminway & Bartlett Mfg. Co., The  14 

• Hewlett-Packard Company  6 

Hughes Aircraft Co  87 

• Image Instruments, Inc  

• Industrial Test Equipment Co  

International Resistance Co  

• J F D Electronics Corp  

• Japan Piezo Electric Co., Ltd  

• Kay Electric Co  
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• Lambda Electronics Corp   

Lehman Brothers   

Littelfuse   

Lockheed Missiles & Space Co  

Machlett Laboratories, Inc., The  

5 

87 

14 

77 

25 

Mallory and Co., Inc., I'. R 58, 59 

• Microswitch 
Division of Honeywell  63 

88 

82 

69 

• Weinschel Engineering   4 

Weston Instruments & Electronics 
Division of Daystrom Inc  31 

White S. S  66 

CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 

EMPLOYMENT OPPORTUNITIES...91-94 

EQUIPMENT 
(Used or Surplus New) 
For Sale   93 

INDEX TO CLASSIFIED ADVERTISERS 

75 Bell Aerosystems Co.   93 
• Communncations Equipment Co  93 

70 Daystrom Inc.   93 

Grumman Aircraft Engineering 
corp.  91, 92 

27 • Radio Research Instrument Co  93 
Rome Air Materiel Area (AFLC)  94 

• See advertisement in the July 25, 1962 issue 

of Electronics Buyers' Guide for complete line of 

products or services. 

This. Index end our Reader Service Numbers are pub-
lished as a service. Every precaution is taken to make 
them accurate, but electronics assumes no responsi-

bilities for errors or omissions. 

Casting Problem? 

We pay machining cost on flawed 

castings. Are you getting this guaran-

tee of quality when you buy castings? 

request free Resources & 

Capabilities booklet: 

Morris Bean &Company 

Yellow Springs 8, Ohio 

aluminum & ductile iron foundries 

CIRCLE 206 ON READER SERVICE CARD 

Coils 
for Contact 

Capsules 

1 to 5 Reeds 
.095 — .215 dia. 
6 to 48 V.D.C. 
Lead or Pin Term. 
Also Available with Reeds. 

Write for Bulletin and Prices 
• 

ELECTRICAL COIL WINDINGS 

Wire sizes #6 to #56, Classes A, B, F and 

H. Complete engineering service available. 

Coto-Coils COTO-COIL COMPANY 
INC. 

65 Pavilion Avenue, Providence 5, R. I. 
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controls RF interference 

PWW/MWWITRITMPIP 

A recognized leader in the develop-
ment and production of specialized 
filters for the control of radio fre-
quency interference, Genistron filters 
provide wide band selectivity and 
high attenuation for application in 
space, ground support and indus-
trial programs. 
From miniaturized units of less 

than 1 amp. to high capacity power 
line filters over 100 amps., and 
whether your requirement is for sev-
eral units or large numbers of filters; 
personnel and equipment of two 
facilities are geared to meet urgent 
prototype schedules—always estab-
lishing and maintaining critical 
military reliability standards. 

In addition to your special filter 
requirements, Genistron maintains 
one of the most complete lines of 
standard "off the shelf" filters which 
are readily available to industry 
through two geographically dispersed 
plants. Filter types with insertion 
losses for a wide variety of current 
and voltage applications are available. 

Write or call for complete information 

on filters by Genistron, the leader in 

control of RF interference. E-1979-Al 

Genistron. 
INCORPORATED 

6320 West Arizona Circle, Los Angeles 45, Calif. 
SP 6-1411 

III Gateway Road, Bensenville, Illinois 
NA 5-1570 

Subsidiary of G-eniscc, 

electronics 

ABC 

Audit Bureau 
of Circulation. 

Associated Businesa 
Publications 

Audited Paid Circulation 

R. S. QUINT: 
Assistant Publisher Buyers' 
Guide and Business Manager 

FRED STEWART: 
Promotion Manager 

B. ANELLO: 
Market Services Manager 

JAMES T. HAUPTLI 

Advertising Sale, Manager 

RICHARD J. TOMLINSON: 
Production Manager 

GEORGE E. POMEROY: 
Classified Manager 

HUGH J. QUINN: 
Circulation Manager 

ADVERTISING REPRESENTATIVES 

ATLANTA (9): 
Michael H. Miller, Robert C. Johnson 
1375 Peachtree St. N.E., Trinity 5-0523 

(area code 404) 
BOSTON (16): 

William S. Hodgkinson, Donald R. Furth 
McGraw-Hill Building, Copley Square, 
Congress 2-1160 (area code 617) 

CHICAGO (11): 
Harvey W. Wernecke, Robert M. Denmead 
645 North Michigan Avenue, Mohawk 4-5800 

(area code 312) 
CLEVELAND (13): 

Paul T. Fegley 
55 Public Square, Superior 1-7000 

(area code 216) 
DALLAS (1): 

Frank Le Beau 
The Vaughn Bldg., 1712 Commerce St. 
Riverside 7-9721 (area code 214) 

DENVER (2); 
J. W. Patten 
Tower Bldg., 1700 Broadway, 
Alpine 5-2981 (area code 303) 

HOUSTON (25): 
Joseph C. Page, Jr. 
Prudential Bldg., Holcombe Blvd., 
Riverside 8-1280 (area code 713) 

LOS ANGELES (17): 
Peter S. Carberry, Ashley P. Hartman, 
W. C. Ones 
1125 W. 6th St., Huntley 2-5450 

(area code 213) 
NEW YORK (36): 

Donald H. Miller, Henry M. Shaw, 
George F. Werner 
500 Fifth Avenue, LO-4-3000 

(area code 212) 
PHILADELPHIA (3): 
Warren H. Gardner, William J. Boyle 
6 Penn Center Plaza, LOcust 8-4330 

(area code 215) 

SAN FRANCISCO (11): 
R. C. Alcorn 
255 California Street, Douglas 2-4600 

(area code 415) 
LONDON Wl: 
Edwin S. Murphy Jr. 
34 Dover St. 

FRANKFURT/Main: 
Matthée Herfurth 
85 Westendstrasse 

GENEVA: 
Michael R. Zeynel 
2 Place du Port 

"Headquarters for Business Information" 

McGraw-Hill Technical and Business Publications 
American Machinist/Metal-

working Manufacturing 
Aviation Week and Space 

Technology 
Business Week 
Chemical Engineering 
Chemical Week 
Coal Age 
Construction Methods and 

Equipment 
Construction Daily 
Control Engineering 
Electrical Construction 

and Maintenance 
Electrical Merchandising Week 
Electrical Newsletter 
Electrical West 

Electrical Wholesaling 
Electrical World 
Electronics 
Engineering Digest 
Engineering and Mining Journal 
E 8. M1 Metal and Mineral 
Markets 

Engineering News-Record 
Factory 
Fleet Owner 
Industrial Distribution 
National Petroleum News 
Nucleonics 
Nucleonics Week 
Platt's Oilgram News 
Platt's Oilgram Price Service 
Power 

Product Engineering 
Purchasing Week 
Science Week 
Textile World 

Overseas only: 
Automobile International 

(English, Spanish) 
Ingenieria International 

Construccion (Spanish) 
International Management 

(English, Spanish 
Portuguese editions) 

Metalworking Production 
(Great Britain) 

Available by subscription only — to qualified persons actively engaged in the field of the publi-
cation. For subscription rates and information describing the editorial coverage of any of the 
above publications, write to: Subscription Manager, Circulation Department, McGraw-Hill Pub-

lishing Company, 330 West 42nd Street, New York 36, N. Y. 
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verify 
events 
permanently 
in 
milliseconds 

9 

60 

Brush Operations Monitors' response to signals is virtually instantaneous—less than 4 milliseconds. 
Multiple high-speed events are clearly defiiied from start to stop, on a common time base—and at rates up 
to 500 per second. Portable 30 channel or rack-mounting 100 channel models record sharp reproducible traces 
with fixed-stylus electric writing that provides the utmost in reliability. "Built-in" transistor switching to 
eliminate relays is optional. No direct writing recording system can match the capabilities of Brush Operations 
Monitors for industrial and military analysis 
and control. Write for complete specifica-
tions and application data. rush IN writ-u-MENTs 

37TH AND PERKINS 

CIRCLE 901 ON READER SERVICE CARD 

DIVISION OF 

CLEVI'rE 
CORPOft•TION 

CLEVELAND 14. OHIO 
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HERE NOW IN QUANTITY! 
RCA MEETS UNPRECEDENTED DEMAND FOR 2N2102, FIRST "UNIVERSAL" 

TRIPLE-DIFFUSED PLANAR SILICON TRANSISTOR. 

RCA now announces mass-production availability of the 
2N2102, the "universal" triple-diffused planar silicon transistor 
designed for widest possible application in military and industrial 
equipment. It can replace up to 40% of all silicon transistors now 
on the market and will cover a vast majority of your Small-Signal 
and Medium-Power Applications. 
The RCA 2N2102 features high switching speed, high pulsed 

beta (hFE) at Ic = 1 amp, and controlled beta from Ic = 10µa 
to 1 ampere. It has high breakdown-voltage ratings, high dissipa-
tion ratings, low saturation voltages and low output capacitances. 
RCA's line of triple-diffused silicon planar transistors now in-

cludes the 2N699 and 2N1613. 
Call your RCA Representative today or write RCA Semicon-

ductor and Materials Division, Commercial Engineering, Sec-
tion IN 1-3, Somerville, N.J. 

AVAILABLE THROUGH 

YOUR RCA DISTRIBUTOR 

RCA-2N2270, New Economy Version of RCA "Universal" 
Triple-Diffused Planar Silicon Transistor Now Available 
in Production Quantities. 
Now you get many of the performance and versatility 

features of RCA's 2N2102 in a new economy version, the 
RCA 2N2270. The 2N2270 offers one of the greatest 
price/performance values in transistors today. The 2N2270 
features operation at high junction temperatures—up to 
200°C...very low output capacitance-15 pf max... high 
minimum gain bandwidth product-60 Mc...useful in ap-
plications from dc to 20 Mc ...JEDEC TO-5 package. 

THE MOST TRUSTED NAME IN ELECTRONICS 
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