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QKH-1000 MAGNETRON

New Raytheon tunable magnetron
improves airborne radar performance

250 kW QK 11-1000—all ceramic and metal tube
—improves performance of existing systems, pro-
vides increased capability for new systems.

This new X-band pulsed magnetron—specially designed for
airborne applications—results from Raytheon’s long experi-
ence in quantity production of magnetrons for use under
severe environmental conditions.

The tube is rapidly tunable from 8,500 to 9,600 Mc, with a
typical tuning rate of 100,000 Mc/sec in the hydraulically
tuned version. Ceramic construction and newly-designed cool-
ing fins provide high ambient temperature tolerance. Study
programs are underway to permit operation to 350°C.

The tube’s heliarc welded output assembly and magnet shape
enhance its physical rigidity. Unique anode construction
achieves better voltage and frequency stability. Designed for
cconomical volume production, the QKH-1000 directly
replaces the RK-6249 magnetron in existing systems.

QKH-1000 — GENERAL CHARACTERISTICS

Power Output
Frequency Range

. 250 kW (nominal)
. 8500-9600 Mc

Anode Voltage . . . . .. .. .. 27.5 kV
Anode Current . . . .. 25 amps (peak)
Stability . . . . .. 0.2% missing pulses
1.65
Bandwidth —— Mc; i, = 25+=15% amps
t b

(peak)

Pulse Widths . . . . . . . Up to 3.3 usec

Write for detailed application information to Raytheon
Company. Microwave and Power Tube Division, Waltham
54, Massachusetts. In Canada: Waterloo, Ontario. In Europe:.
Zurich, Switzerland.

RAYTHEON COMPANY

MICROWAVE AND POWER TUBE DIVISION
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GRANGER ASSOCIATES' broadband log-periodic and conical monopole
antennas are making an important contribution to more flexible; more
reliable and more economical hf radio communications. They offer
direct savings in land,in power and in circuit down time. Each design
provides a low and constant input VSWR over its entire operating
frequency range—to minimize transmission line losses and equipment
tune-up time. These antennas offer radiation patterns with excellent
broadband properties. Take-off angle can be controlled for each ap-
plication. Since both radiation pattern and input impedance are essentially
constant vs.frequency,and efficiencies are high, it is possible to radiate
a maximum of power in an optimum direction. G/A also offers broad-
band balun transformers and receiving and transmitting multi-
couplers which permit use of multiple equipments on a single antenna
A staff study that explains GRANGER ASSOCIATES' hf communications
accessories and their applications is available now.

G/A Model 748 horiz, polarized log periodic antenna, VSWR less than G/A Model 753 conical monopole omni-azimuthal antenna. For broadcast appli-
2:1, Gain 13 db (nom.). Take-off angle as low as 23° with 200" tower, cations; easily stowed and erected. 6-24 megacycle version has VSWR of 2.1:1.

~ i

2; ASSOCIATES

{4+ Rl
G/A Model 726 ver(icallyf polarized monopole log periodic antenna. VSWR of 2.1:1 (nominai). iU db gain.
Extremely low take-off angle. Several antennas can be arrayed to compress azimuth beamwidth.

Send For Complete Information GRANGER ASSOCIATES / 974 Commercial Street / Palo Alto, California / DAvenport 1-4175
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LAMBDA

COM-PAK Series
Regulated Power Supplies

¢ Immediate
delivery from stock.

® Convection cooled,
no troublesome blowers.

® Rated for 24 hour
continuous operation at
50°C ambient,

® Swing open back
for easy access.

® Transient
free-output.

o Excellent regulation,

C-280 (without meters):
C-281 (without meters): 125-325 VDC, 0-200
C-282 (without meters): 325-525 VDC, 0-200
C-480 (without meters):
C-481 (without meters): 125-325 VDC, 0-400
C-482 (without meters): 325-525 VDC, 0-400

.

MEGULATED POwrs # U \

e g @QG®

LAMBDA -

Guaranteed 5 Years

0-200 VDC, 0-200 MA.$184.50  C-880 (without meters):  0-200 VDC, 0-800 MA $340.00
MA. 15950  C-881 (without meters): 125-325 VDC, 0-800 MA. 315.00
MA. 169.50  C-882 (without meters): 325-525 VDC, 0-800 MA. 360.00
0-200 vDC, 0-400 MA. 259.50  C-1580 (without meters):  0-200 VDC, 0-1500 MA. 550.00
MA. 244.50  C-1581 (without meters): 125-325 VDC, 0-1500 MA. 575.00
MA. 259.50  C-1582 (without meters): 325-525 VDC, 0-1500 MA. 650.00

For Com-Pak Series models with meters, add the suffix ““M” to the model number

and add $30 to the unmetered model price.

COM-PAK FEATURES

® Hermetically-sealed transformer—designed to
MIL-T-27A

e 50 to 400 CPS input

® Semi-conductor rectifiers for higher efficiency
in C-400, C-800 and C-1500 series.

® Overload protection with built-in blown-fuse
indicators

® Stable, low noise wire wound reference net-
works and multipliers

e Oil-filled, hermetically-sealed capacitors

® Conservatively rated for continuous duty

® [Fasy service access without removal from
rack; all tubes readily accessible for replacement
® Provision for remote DC vernier voltage ad-
justment

e Exclusive design, height only 54” (C-200 and
C-100 series), 7” (C-800 series) and 833” (C-1500
series)

1

CONDENSED DATA

Regulation: Line Better than 0.15% or 0.3 Volt (whichever is greater).
For input variations from 105-125 VAC.

Load Better than 0.25% or 0.5 Volt (whichever is greater). For
load variations from 0 to full load.

Transient Response: Line Outpul voltage is constant within reg-
ulation specifications for step-function line voltage change of
plus (+) 10 volis or minus (=) 10 volts rms within the limits
of 105-125 VAC.

Load Output voltage is constant within regulation specifications
for step-function load change from 0 to full load or full load to 0.

Ripple and Noise: Less than 3 millivolts rms.

AC Output: (unregulated) . . . 6.5 VAC (at 115 VAC Input). C-200
Series . .. 10 AMP; C-400 Series . . . 15 AMP; C-800 Series . . .
20 AMP; C-1500 Series . . . 30 AMP.

AC Input: 105-125 VAC, 50-400 CPS

Controls: DC Output Controls: Band-switches and screw-driver
adjusting vernier-control, rear of chassis. -l

SEND TODAY FOR COMPLETE DATA

¢ COLLEGE POINT 56, N. Y. « INDEPENDENCE 1-8500

ALAMBDA B EREONIEE GO

11-11 131 STREET ¢« DEPT.
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CROSSTALK

HIGH-PRESSURE RESEARCH.
Accompanying photograph is a
close-up of the tetrahedron and pis-
tons of the high-pressure apparatus
appearing on this issue’s front
cover. High pressure is playing an
important role in semiconductor re-
search. For an insight into this
fascinating work, turn te p 90 and
read the article by D. Warschauer
of Raytheon.

MEDICAL ELECTRONICS is getting new help from our industry
through use of computers, nuclear magnetic resonance and electron pre-
cision resonance spectrometers and electronic biomechanical measuring
techniques. This week (see p 46) Associate Editor Bushor interprets
latest trends in these new areas and the continuing investigations of
established applications. He is just back from on-the-spot coverage of
technical sessions and symposia at the 13th Annual Conference on Elec-
trical Techniques in Medicine and Biology, which was held in Washington,
D. C.

TWO-COLOR TV. Engineers who are primarily in entertainment elec-
tronics have their annual get-together at the EIA’s Radio Fall Meeting,
which was held a few days ago in Syracuse, N. Y. Many persons came to
the meeting wondering about two-color tv. Where does it stand? This
week, Associate Editor Flynn provides some information. Engineers he
interviewed at the meeting say the difference in color isn’t that striking.
And savings in production costs, so far, aren’t significant.

For more details on two-color television—and a summary of interesting
technical highlights of the three-day Radio Fall Meeting—turn to p 49.

Coming In Our November 25 Issue

SPECIAL REPORT. Widespread research marks our industry’s present
program for realizing the promise of microminiaturization.

This promise—high reliability, low cost and small size—may be the
answer to the next generation of developmental problems facing elec-
tronics engineers.

As readers of ELECTRONICS well know, microminiaturization is taking
many forms (p 51, May 22, 1959; p 35, June 26, 1959; p 49 Dec. 11, 1959;
p 69, May 13, 1960). Next week’s Special Report on microminiaturization
by Associate Editor Perugini and Assistant Editor Lindgren will bring
you up to date on the different programs, approaches and techniques.
You'll learn where we stand on component, circuit and function oriented
approaches, and how microminiaturization techniques are being applied to
equipment and systems.

You won’t want to miss this comprehensive survey which was almost
a year in preparation.

electronics
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HYREL® FB DEPOSITED CARBON RESISTORS
are hermetically sealed in ceramic jackets against moisture
and vapor. .. safely protected against mechanical abuse.
The Hyrel FB series is intended for applications in military, commercial

and telephone equipment wherelong life under high humidity,
small size, and stability of electrical characteristics are important.

N,

WRITE FOR ENGINEERING BULLETIN 7010B

SPRAGUE ELECTRIC COMPANY

35 MARSHALL STREET « NORTH ADAMS, MASS,

THE MARK OF RELIABILITY

Made to far exceed MIL-R-10509C Specifications

BPRABUE COMPONENTS: .
CAPACITORS * RESISTORS ¢ MAGNETIC COMPONENTS @ TRANSISTORS ¢ INTERFERENCE FILTERS') PULSE NETWORKS

HIGH TEMPERATURE MAGNET WIRE ¢ CERAMIC-BASE PRINTED NETWORKS & PACKAGED COMPONENT ASSEMBLIES
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rxe's BROADBAND
FIRED CORRIAL

ATTENLUATORS

Series 180

FREQUENCY RANGE: 0.6 KMc to
12.4' KMc

ATYENUATION VALUES: 3, 6, 10,
20 db

CONNECTORS: Type N — male one
end, female the opposite end

No. 3 of a series of FXR's new pre-
cision microwave components
designed to meet the ever-growing
needs of the microwave industry.

FXR's Broadband Fixed Coaxial At-
tenuators are extremely useful and
completely dependable in applica-
tions requiring isolation between RF
components and extending power
meter ranges. They may also be used
for the calibration of directional
couplers, in obtaining antenna char-
acteristics and for similar applica.
tions. These attenuators have excep-
tional stability and are capable of
withstanding appreciable overloads
and peak power with no change in
characteristics. They have high shock
and vibration resistance and exhibit
a negligible change of attenuation

under humidity and temperature
cycling .
Freguency
Model | Freguency | Max. | Seasitivity
No. KMc VSWR db Price
N180A 6-11.0 1.3 ((’— ?,; $42.00
N1808 1.0-11.0 1.3 (— .6 42.00
(2 . T)
N180C 1.0- 2.0 1.35 (—1.2) 42.00
2.0-11.0 1.30 (+4-1.3)
N180D 2.0- 3.0 1.35 (-1.3) 42.00
3.0-11.0 1.30 (+1.9)
l 11.0-12.4 1.40

FXR, Inc.

Design-Development-Manufacture

25-26 50th Street RA. 1-9000
Woodside, N. Y. /TWX: NY 43745
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COMMENT

Ophthalmic Electronics

ELECTRONICS in the recent past
has published many fine articles in
the field of medical electronics.
These started me to thinking about
a medical area in which very little
has been done in the past several
hundred years.

Countless millions of Americans
have defective vision. A large per-
centage of these need only a single,
simple lens to alter the light paths
sufficiently to accommodate their
focusing range. In other words,
their muscles are fine; their eye-
balls are either too large or too
small for the existing lens.

Glasses are an unsightly, incon-
venient, expensive and cumbersome
method of circumventing this de-
fect. Up until now. at least, they
were the only way; but why has no
one considered altering the refrac-
tive index of the eye fluid?

The brute force method of doing
this might be by an operation to
remove part of the eye fluid and re-
place it with a tolerable compound
which would raise or lower the re-
fractive index the desired amount.
The success of this method would
depend on finding suitable fluids;
it would also depend on the rate at
which the eve fluid is replaced by
normal body processes.

A more sophisticated solution,
though, and one which might more
reasonably call on electronics for
assistance. would require locating
the glands, nerves. and so forth,
which control the refractive index
of the existing fluid, and then mak-
ing suitable changes in order to
shift the index. This type of solu-
tion would be better, and probably
would be permanent.

RICHARD G. DEVANEY
KINGSPORT, TENN.

Reader Devaney is suggesting a
type of microsurgery that exceeds
even the present concepts of mi-
crosurgery. It certainly will take
a great deal of research and in-
vestigation before such an idea
can be considered even experi-
mental.

Transistorization

Don’t you think the time is long

overdue when use of the term
transistorized passed into oblivion?
If a piece of equipment is designed
for transistors, it is a transistor re-
ceiver, not a transistorized receiver,
for instance.

If originally tube designed and
subsequently converted to transis-
tors, of course, transistorized makes
sense.

Otherwise, your book is pretty
darn good. . .

waLt Boyp
SACRAMENTO, CALIF.

Soviet Technology

I quote the following from a re-
port on Soviet technology (“Soviets
Are Pushing All Technologies”),
which appeared on p 40 of yvour Oct.
21 issue:

“In the Azerbaijan SSR, a young
researcher has used high-voltage
pulses to alter the internal struc-
ture of cottonseed, causing an in-
crease in germination speed and
higher cotton yield. Seeds were
soaked in water, dried, and sub-
jected to 2.500-v fields. Plants
sprouted two or three days sooner
than usual, had more buds, ovaries
and bolls.”

We are very much interested in
further information on this re-
port. . .

S. 0. NELSON
U. S. DEPARTMENT OF AGRICULTURE
LINCOLN, NEBR.

The information came to us
from a Tass article summarizing a
report by Manf Kalantarev of the
Azerbaijan Power Institute Labo-
ratory. As far as we can deter-
mine, the work reinforces conclu-
sions drawn from earlier research
done here and abroad.

Financial Typo

On p 20 (Financial Roundup) of
vour issue of Oct. 28, you indicated
our earnings as ‘27 cents per com-
mon share.” We believe this is a
misprint since the published earn-
ings for our company are 57 cents
per common share. . .

CHARLES J. EISEN
PoLARAD ELECTRONICS
LoNg IsLanp CIity, N. Y.
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Design Notes...

ENCAPSULATES UNIQUE
HOLD-OFF DIODE

Problem: A well-known systems manufac-
turer needed a series hold-off diode for
use in a dc resonant charge radar modu-
lator. Conditions: PIV of 12KV; Operating
temperature, 100° C; Inverse current at
PIV, 150 pa; Average current, 120 ma;
Peak charge current, 260 ma. In addi-
tion, specifications called for a transient
capability of 21 KV dc for .07 second.
Solution: produced a unit which far
exceeded these requirements. The
QBcuir car [pictured above) is only 1,”
in diameter and 4'.” long. It is capable
of continuous operation beyond maximum
required parameters.

ENCAPSULATED ASSEMBLIES BUILT TO
SPEC MEASURES 1 CUBIC INCH

¥ recently de-
signed a compara-
tor bridge for missilc
use, which contains
4 resistors and 16
diodes [(print at
right). The entire
bridge is encapsu-
lated withina 1 cubic
inch module, has 8
studs for plug-in mounting. The unit meets
customer requirements, and is capable of
continuous operation in ambients up to
150° C
MICROMINIATURE DIODE DESIGNED
FOR 1,500 PIV SERIES OPERATION

General Instrument Engineers solved an-
other customer problem in a diode that
measures 08" diameter by /4" long. Space
requirements made it

necessary to assemble an

“electrically cold” unit.

m This specially designed

diode was produced

with the rigid require-

ments of 1,500 PIV, leak-

- "f-' age of less than .02 pa,
g and a forward drop of
f Aless than 2V @ 100 ma.

November 18, 19640,

GENERAL INSTRUMENT
SEMICONDUCTOR REPORT

G offers Reliability on the Circuit Level

GENERAL INSTRUMENT
IRCUIT CAPS DESIGNED TO YOUR

SPECIFICATIONS ... SAVE COST OF

* Engineering e Production e Quality Control/

General Instrument offers circuit modules with the exact parameters needed
for your specialized applications . . . regardless of configuration, electrical or
environmental requirements. Typical applications include: rectifiers, amplifiers,
comparators, bridges, limiters, blocking and flip-flops.

These packaged assemblies provide proved reliability for the entire circuit . . .
feature high resistance to vibration. shock, moisture and humidity, combined
with high heat dissipation. These assemblies range from printed circuit boards,
ultra-high P1V microminiature diodes, minimal size encapsulations, as well as
packages weighing hundreds of pounds.

e ENGINEERING: Experienced General Instrument Engineers study your
specifications, draw on research. development and production facilities in
making an assembly to exceed your most stringent requirements.

o PRODUCTION: Years of General Instrument experience in volume semicon-
ductor manufacture is applied to the production of C&cuir cars”. G saves
you the expense of stocking. testing. selection and encapsulation. Maximum use
of welded connections assures excellent resistance to vibration and shock.

* QUALITY CONTROL: Components, as well as completed “ Rcurr caps” are
subjected to 100% electrical and environmental testing . . . exceeding the most
stringent industrial and military specifications. Finished units are guaranteed
to surpass your most rigid requirements,

CONTACT GENERAL INSTRUMENT jor full information on the services offered

by the Special Products Division. Qur engineers will work closely with you—in

your own plant, (f necessary—to produce a IRCUIT CAP“designed for your
modular applications or complete circuit needs.

SEMICONDUCTOR DIVISION
GENERAL INSTRUMENT CORPORATION

65 Gouverneur St., Newark 4, New Jersey

IN CANADA: General Instrument—F. W. Sickles of Canada Ltd., P.O. Box 408, 151 S. Weber
Street, Waterloo, Ontario, Canada. Sherwood 4-8101.
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Immediate Local Deliveries
for small runs, production
emergencies or design needs . . .
from over 30 strategically located
parts distributors . . . At factory
prices in lots up to 1000 of a value.

8

Would you buy
fixed resistors

just because they’re the
easiest to solder?

Of course you wouldn’t!

But when you add the highest degree of “'solderability’ of any resistors on
the market to top-notch reliability in other physical and electrical charac-
teristics — well, that's something else. Like a lot of other cost-conscious

producers, you'll then be using Stackpole Coldite 70+ Resistors!

Stackpole Coldite 70+ “solderability” saves time and money in your
production. It assures perfect connections that eliminate a lot of pos-
sibilities for costly field service later on.

Coldite 70+ performance fully matches the “solderability” of the
leads. They’re designed to meet or excel MIL-R-11 in every respect.
And they’re tops in load life, humidity and moisture tests!

Electronic Components Div.—STACKPOLE CARBON CO., St. Marys, Pa.

ololife 70*

tixed composition resistars

CERAMAG®' FERRITE CORES +  VARIABLE COMPOSITION RESISTORS +  SLIDE & SNAP

SWITCHES + CERAMAGNET® CERAMIC MAGNETS « FIXED COMPOSITION CAPACITORS

BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT . ELECTRICAL CONTACTS

GRAPHITE BEARINGS, SEAL RINGS, ANODES = - HUNDREDS OF RELATED CARBON &
GRAPHITE PRODUCTS.

CIRCLE 8 ON READER SERVICE CARD
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ELECTRONICS NEWSLETTER

After the Election

Optimism . . . & Caution
THE LAST HURRAH is in, now what?

That’s the big question as a Ken-
nedy Administration comes into
view this week. And this is the out-
look: Our industry will continue to
do well—but watch a couple of po-
tential trouble spots.

One midwest executive sees a
10-percent rise in business. On the
other hand. west coast official is
worried about Kennedyv’s ties with
labor and unions. (Question: Will
automation be retarded?)

A New England executive sees a
lot of name-dropping . . . and find-
ing . . . in Washington.. Nothing
social; strictly business as long-
time government contacts leave
office and new faces move in.

As soon as last week’s election
was settled. ELECTRONICS editors
began asking executives and engi-
neers in our bhusiness: What affect
will the new Administration have—
and why? Answers follow.

Pacific Coast Sees
‘Speedier Funding’

ON THE WEST COAST. post-election
comments are running like this:

An executive doing business with
the military says: “We expect a
speedier relief of funding in R&D
space programs. Kennedy has been
harping on the declining prestige
theme and is obligated to take some
definite action to show he’s going to
get the nation moving again.”

From a spokesman for an indus-
trial equipment firm: “I doubt that
Kennedy’s being elected will have
much effect on our sector of elec-
tronics, which is industrial automa-
tion and process control. The trend
toward more automation is already
definitely established. One thing we
are somewhat apprehensive about
is Kennedy’s ties with labor and
unions, and whether he might side
with them in attempting to retard
automation of industry.

“I think we may get a small
boost in sales to firms which are
engaged in military electronics and
get stepped-up contracts if Ken-
nedy keeps his promises. Another

November 18, 1960

thought: Some of our business is
with the oil industry. and if Ken-
nedy goes to work on depletion al-
lowances, oil companies will not be
anxious to initiate further cash
outlay.”

A consumer equipment manufac-
turer thinks: “Prior to election
there was an environment of un-
certainty, and few people were buy-
ing things they didn’t absolutely
need. Now that there’s no more
uncertainty about the outcome. we
feel peonle will start buying radios
and tv.”

Midwe§t Forecasts
‘Pickup in Tv Sales’

THIS IS WHAT some electronics
executives in the midwest are say-
ing:

Donald C. Potter, vice president
and general manager, Stewart-
Warner: “With Kennedy in, we ex-
pect defense expenditures to be
somewhat greater. Since defense
represents 80 percent of the work
of our industry, we may expect a
general increase in electronic busi-
ness of about 10 percent over the
next few vears.”

Edward R. Taylor, executive vice
president, Motorola: “We haven’t
found much disparity between. the
candidates in matters affecting our
business, so we don’t expect the
election will make much difference.

“To the extent that the public
is relieved that the campaigning is
over, we may expect some lift in
buying psychology. Other than
that, we’ll be waiting, like almost
everyone else. to see just what
types of policies will be adopted by
the new administration.”

Ross Siragusa, Jr., vice presi-
dent, Admiral: “We do believe that
tv sales are probably close to bot-
toming out now-—after their slump
of the past few months—with the
pick-up coming in the first or sec-
ond quarter of next year. I expect
these results would have been
pretty much the same no matter
which way the election turned out.”

Robert F. Halligan, executive
vice president, Hallicrafters: “The
Democratic victory will have little
effect on continuing growth of the

electronics industry, particularly
for companies like ours, in the front
lines of our worldwide offense and
defense systems through govern-
ment contracts.

“Both political parties have rea-
lized that as long as any one nation
or group of nations comprises a
threat to world peace, the U. S. has
no choice but to stay ahead of its
potential enemies in all phases of
technology, and nowhere is this
more relevant than in electronics.”

“The nation’s economic growth,
its mounting nopulation and the in-
creasing impact of automation will
have far greater influence on con-
sumer and industrial aspects of our
industry than any change in politi-
cal administration.”

Richard A. O’Connor. chairman
of the board, Magnavox: “Both
candidates have indicated need of
additional emphasis in the area of
national defense, and, should the
new congress agree, there mav be
some upsweep in military electron-
ics. Electronic products in the con-
sumer market, like all consumer
goods. are directly related to the
climate of the national economy.”

New England Expects
‘Scurrying for Contacts’

“ONE IMMEDIATE PROBLEM will be in
the number of new faces in Wash-
ington.”

Speaking was the president of a
military electronics company in the
east. Counting of presidential votes
was over. He was weighing the pros
and cons of a Kennedv administra-
tion.

“Well-established sources of in-
formation on contracts, etc., will
presumably be out,” he continued.
“This may be true also in the scien-
tific field. in top levels of ARPA
and NASA, for example.

“There will be a lot of scurrying
around in Washington to set up
new contacts.”

The executive says he sees little
change in the level of defense con-
tracts. “Both parties,” he says,
“are strong on the need for defense
spending.”

Another executive of an east
coast industrial electronics firm
feels this way:

“I see more business, but count-
er-balanced by heavier corporate
taxes. I expect long-term socialogi-
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cal changes including emphasis on
social welfare legislation, decreased
productivity of labor via contract
concessions from management. I
fear this will ultimately lower gen-
eral standard of living.”

Navy Now Testing
Advanced Sonar Systems

SONAR SYSTEMS capable of reaching
80, 70 and 100 miles are now being
tested by the Navy for general de-
ployment in the antisubmarine fleet.
One system reportedly “just going
into saltwater” uses a transducer
weighing 30 tons, is built to operate
both actively and passively, can
reach out ten times the distance of
conventional sonars under worst
ambient conditions.

System now under test was built
for submarine use by Raytheon;
other models for destroyer installa-
tion are being built by Edo and GE.

Army Awards
Advent Contract

MICROWAVE COMMUNICATIONS 8yS-
tem for Project Advent will be de-
veloped by Bendix under a Signal
Corps contract. The half-ton Ad-
vent satellite will be placed in a
22,300-mile-high orbit some time in
1962.

The company’s systems division
will design the satellite repeater,
special-purpose ground equipment
and checkout gear, and will provide
the communications systems engi-
neering. Radio division will design
and construct ground terminal
equipment (to be located near Van-
denberg AFB in California and
Fort Dix, N. J.) and will produce
the airborne microwave repeater
equipment. Development and pre-
liminary design of shipboard ter-
minals for Navy use will also be
done by Bendix. Overall cost of
Advent, including launching vehi-
cles, will be $174 million.

Air Force Pushes
Pneumatic Computer

PNEUMATIC COMPUTER developments
will eliminate electronic devices
from some signal and power appli-
cations in hot-gas environments,

10

particularly airborne and space-
borne, researchers were predicting
this week. Under Air Force spon-
sorship, a mechanical engineering
group at MIT is intensifying de-
velopment of pneumatic computa-
tional components, mostly high-
gain relay devices, and hot-gas
servos and valves. Interest centers
on all-mechanical or all-pneumatic
systems where conversion to elec-
tronic signals is not desirable, and
on performance in extremely high
ambient temperatures where even
the most advanced electronic de-
vices may not be satisfactorily
operable.

Boost Orthicon Speed
To 125,000 ASA

ELECTRONIC PULSING of conventional
image orthicon steps up its effective
speed to 125,000 ASA, opens the
way for its use in optical tracking
of space probes to the moon—or to
Mars and Venus.

Experiments by Northwestern
University researchers increased
sensitivity by placing short posi-
tive charges on both target and
grid of the tube just before and
during readout. Researchers R.
Aikens and G. Barton tested the
souped-up orthicon in recent in-
vestigations at the Organ Pass,
N. M., satellite tracking station.

University’s newly announced
Project Cat-Eye will couple the new
pulsing system to a 36-inch tele-
scope, will gain the effect of a 360-
inch telescope for balloon-borne
sightings from the near edge of
space (ELECTRONICS Newsletter, p
11, Nov. 11).

Moth Countermeasures
Fight Bat’s Sonar

COUNTERMEASURES TECHNIQUES are
used by moths against the ultra-
sonic radar of bats, according to
Kenneth Roeder, professor of phy-
siology at Tufts University. Roe-
der’'s studies show the moth’s
receiver has a frequency response
of 10 to 100 Kc and a range of
100 feet. He has recorded on tape
the output of the receiver—milli-
volt pulses with milliseconds dura-
tion. The physiologist is trying to
determine how much information

the moth can get on the bat’s
maneuvers and how effectively the
moth uses this information to evade
the bat.

Sift Maintenance Plans
For New Weapons Systems

STUDY TO ESTABLISH next-genera-
tion design criteria and mainte-
nance philosophy for Air Force
weapon systems, test and checkout
equipment now being made by the
Motorola military electronics divi-
sion and the Douglas missiles and
space systems engineering depart-
ment may influence total Air Force
planning for future weapon support
gear.

Principle objectives of study re-
quirement SR-17530, titled ‘“Design
Criteria for Automatic Test and
Checkout Systems,” are to: validate
operational and maintenance re-
quirements for test and checkout of
Air Force weapon systems through
1975 ; corroborate design criteria to
ensure compatibility of future
weapons and associated gear; de-
termine the feasibility of standard-
izing test and checkout equipment
and procedures; and of designing
an integrated multipurpose auto-
matic test and check-out system for
future weapons systems.

Conventions Valuable,
Survey Suggests

EFFECTIVENESS of electronics con-
ventions was recently surveyed by
Facts Consolidated, research and
market analysis firm. Survey of
reactions to 1960 Wescon showed
that 93.5 percent of people inter-
viewed think the convention ad-
vanced their knowledge of the in-
dustry. Of 730 personal interviews
from professional and management
men, 89.6 percent said lectures and
technical discussions advance the
electronics art, 2.9 percent thought
not. Over half indicated they at-
tended or planned to attend techni-
cal discussions, 36 percent didn’t
expect to participate. Total of 86.3
percent rated lectures and technical
discussions important. Majority of
89.6 percent indicated the exhibits
advanced the electronics art, and
over 88 percent thought exhibits
would help them in their jobs.

electronics



A NEW HYDRAULIC-MAGNETIC BREAKER
NO BIGGER THAN A POCKET LIGHTER
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Light . .. small . .. a snap to install! This 1% -ounce circuit
breaker can help you out of a tight spot, if you’re cramped
for component space. Only 214" x %" x 214" overall, it can
take the place of both a fuse and a switch—and save you
installation time and trouble, in the bargain. A single half-
inch hole is all you need for mounting, and there are only
two connections to make, instead of four or more. (The
breaker’s “universal” terminals let you use the kind of con-
nection best suited to the job, too—soldered, solderless, or
screwed.) You can have this breaker in any integral or frac-
tional current rating from 0.050 to 15 amps, at 110V, 60 or
400 cycles AC, or 50V DC. Whatever rating you spec will be
decimal-point precise—and permanent (you don’t have to
de-rate the hydraulic-magnetic breaker for high ambient
temperatures). Bulletin VP will give you more information.
A word from you will put a copy in the mail

HEINEMANN ELECTRIC COMPANY - 176 BRUNSWICK PIKE, TRENTON 2, N.J.

November 18, 1960

SA 2328

CIRCLE 11 ON READER SERVICE CARD 1



ELECTRONICS ABROAD

New Landing System
For British Airports

PRESTWICK, SCOTLAND—Following
shakedown tests for a new instru-
ment landing system made by ITT’s
British associate company, Stand-
ard Telephones & Cables, Ltd,
the equipment was installed at this
airport and at Gatwick, Ringway
and Renfrew. The gear was put
through its paces at Hurn airport
late this summer by Ministry of
Aviation officials.

The new system operates on
any one of 39 channels between
108.1 and 111.9 Mec., operates
through two identical r-f and
modulator sections which feed two
antenna arrays. Each array feeds
a separate signal zone.

Nigeria Planning to Use
Electronic Time Standard

LAGOS—New national radio station
slated to go in operation in the
near future will take its time from
an electronic  crystal-controlled
chronometer system made by
Sperry Gyroscope Co., Ltd., of
England. System designers say
the standard is accurate to better
than 15 seconds a year. The sys-
tem will contain a master trans-
mitter providing both one-second
pulses and half-minute pulses for
up to a score of slave clocks.
Provisions will be made on the
station control console to synchro-
nize the master and slave clocks
with Greenwich Meridian Time, for
example, by the BBC time signal.

12

Tone signals will be transmitted
every 15 minutes at 800 cps.

New Tv Network Slated
For Cambodian Viewers

PHNOM PENH—Cambodia’s govern-
ment has awarded a $390,000 con-
tract to Nippon Electric Co. of
Japan for complete installation of
a 100-kw television network.

The Japanese company will set
up the main antenna tower in
Phnom Penh, here in the nation’s
capitol, along with studio gear and
transmitters. A 100-kw relay sta-
tion will also be set up on the
Bokor plateau.

According to the contract, the
station should go on the air by
August of next year.

International Television Net
Formed in East Europe

ZURICH—Major countries of eastern
Europe have formed an. interna-
tional tv network called Intervision.
(Western Europe’s international
net is called Eurovision.) Already
in operation are links between
Berlin, Warsaw, Prague and Buda-
pest. Planned for 1961 are connec-
tions with Leningrad, Moscow and
Kiev, with expectations that 1962
will see Bucharest, Sofia and Tiran
in the hookup. Future links may
reach Vladivostock and Peking.

Germany, Czechoslovakia, Poland
and Hungary now have tv relay
links extending roughly 2,000 miles.
They comprise 30 transmitters and
reach about 10 million viewers, not
including USSR.

Computer to Control
Uranium Reactor

PARIS—Digital computers built in
the U. S. will be used by France’s
state-owned electric power utility,
Electricite de France, to control
two of the three natural uranium
gas-cooled reactors the utility is
now planning.

Compagnie Europeene d’Auto-
matisme Electronique (CAE), has
already delivered the first unit, an
RW-300, to EDF, with two more
slated for early delivery: one for

a second EDF reactor, the third
to control a 250-Mw thermal power
station to be built near Paris.

The two-computer system will
provide automatic detection of fuel
cladding ruptures for the reactors,
the first of which—at Chinon in
the Loire valley—is scheduled to
go critical in 1961.

CAE was formed last July by
Thompson Ramo Wooldridge, Com-
pagnie Generale de Telegraphie
Sans Fil, Societe Intertechnique.

Australians Develop Tiny
Phase Sequence Detector

MELBOURNE—Miniature phase se-
quence detector smaller than a
matchbox has been developed here
by engineers of the Sydney County
Council to replace several larger
types now in use. The new device
was designed for 415 v operation,
uses miniature neon tubes and a
capacitor in place of incandescent
lamps and inductors. The very low
power requirements of the neon
tubes allow the use of miniature
resistors and a very small capacitor.
All components are in a transparent
epoxy resin, making the device
rugged and waterproof.

In operation, one neon tube glows
brightly while the other is extin-
guished. Letters next to the tube
indicate the phase sequence.

U. S. Firm’s Subsidiary
Expanding in Britain

LONDON—Honeywells Controls, Ltd.,
wholly owned subsidiary of Min-
neapolis-Honeywell Regulator, has
disclosed plans for a $2.8-million
expansion program for its indus-

trial instrumentation facility in
Lanarkshire. The three-year in-
vestment program. financed in

equal parts by the British board of
trade and Honeywells, will boost
the labor force from 2,000 to 3,000,
will double capacity.

A former textile mill at Reddish,
near Manchester, has been acquired
by General Electric Co. Ltd., for
changeover to a semiconductor pro-
duction facility. The new installa-
tion will have a working space of
600,000 sq ft.
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1. Series 42—0ver 2,000,000
produced since 1942—
The standard of reliability.

6. Series 56—Padding
potentiometer—14" wide x
Y18 high x 1%:2" long.
Available in many variations
including various terminations.

2. Series SC42-970—
Sine-Cosine potentiometer
version of famous Series 42,

5. Series 57—1," precision
trimming potentiometer—~
V2" dia.—available with
glass seal back cover.

3. Series 55—10 turn
potentiometer—available in
3 sizes—7" dia.. 14" dia.,
and 2" dia.—winding molded
to housing—shock-proof

construction.

4. Series 54—The ultimate in

precision—available in 5 sizes:
78" dia., 1"+" dia..

1% dia., 2" dia., and 3" dia.

For quality, with practicability, count on Clarostat
competence. Unsurpassed experience and historical performance is your assurance

that you get the most in Clarostat Precision Potentiometers.

Write for complete potentiometer catalog and technical specifications. ..

r
<«
¥ Bull.) ,U "¢ CLAROSTAT MFG. co-, lNc-
y4 k2N DOVER, NEW HAMPSHIRE
i ) ol tn Canada: CANADIAN MARCON! CO., LTD., TORONTO 17, ONT.
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WEINSCHEL

FIXED COAXIAL
ATTENUATORS
Models 50, 51, 52

DC to 1 KMC, Usable to 2 KMC
Attenuation: 1 to 50 db

High stability, low frequency sensitivity

Finish: Stainless Steel (Type N Connectors);

Nickel Plated (Type C or SC Connectors)

Type N Connectors

1 male 2 female 2 male

1 female

Type C Connectors

1 male

1 female 2 female 2 male

Complete specifications upon request.
Weinschel Fixed Coaxial

® Attenuators cover the fre-

quency range of DC to

z: 12.4 KMC. Write for com-
plete catalog.

Weinschel Engineering

KENSINGTON, MARYLAND

14 CIRCLE 14 ON READER SERVICE CARD

WASHINGTON OUTLOOK

VICTORY of President-designate John F, Kennedy will have a marked
effect on the electronics industry’s burgeoning military market. Kennedy
comes to the White House committed to boosts in defense spending and
reorganization of the Pentagon.

Spelled out in industry terms, this means a heavier rate of procure-
ment and R&D contracting, with consequent greater defense business
for electronics. It also means some important changes in the way the
military does business.

Kennedy will want to expand the size of U. S. retaliatory strike forces
and to modernize so-called conventional forces to fight limited brush-
fire wars. Judging from campaign oratory, he is thinking about accel-
erated production of Minuteman and Polaris missiles, a continuous
airborne alert for B-52 bombers, more hardened sites for land-based
ICBMs, and development of mew bomber aircraft.

His proposals would also mean increased procurement of jet-troop-
carrier and cargo planes, tactical missiles, combat vehicles, battlefield
communications equipment, small arms, and more advanced weapons for
ground troops.

In his campaigning, Kennedy called for a $2.5-billion to $3-billion boost
over the current $41.5-billion military spending level. But he’s vague as
to whether this is to be a dramatic. one-shot increasc in the budget, to
be leveled off in following years; regular large incremental rises each
year as proposed by several independent study groups; or a long-range
increase over the mext couple of years.

Actually, Kennedy has not immersed himself in specific program details,
has leaned heavily in his defense-policy pronouncements on Sen., Stuart
Symington (D., Mo.) and his running-mate, Lyndon Johnson.

On defense reorganization, Kennedy wants stronger unification of the
services. He’s aiming at a reorganization ‘“on the basis of function.”
Presumably, this would not mean abolishing the individual services, but
would involve creation of new strategic, tactical, and logistic forces, each
made up of Army, Navy, and Air Force components.

If carried to its logical conclusion, this scheme would result in more
centralized control over procurement and R&D contracting. There would
be fewer military field agencies authorized to deal with industry and,
inevitably. fewer numbers of firms invited to bid in negotiated-type
contracting.

But don’t expect any immediate changes. Kennedy’s narrow margin
of victory reduces his ability to carry out his ideas in a hurry. On the
issue of defense reorganization, for instance, he faces the stubborn opposi-
tion of Rep. Carl Vinson and Sen. Richard Russell. the two Georgia
Democrats who are chairmen of the House and Senate Armed Services
Committees. Both oppose major changes in the Pentagon setup.

AT THE FEDERAL COMMUNICATIONS COMMISSION, it’s tough to judge what
changes if any the Kennedy administration will make. Only one appoint-
ment will open in the near future; it will replace Charles H. King,
Republican dean of the Detroit College of Law, who is serving out the
unexpired term (until June 1961) of John C. Doerfer, who quit as chair-
man last July.

The issues which have caused the most controversy at FCC have not
been approached on party lines. Political liberals often express belief
that all tv should be switched to uhf, for instance; but the leading pro-
ponent of uhf is Republican Robert E. Lee, who has been confirmed for
a second term on the Commission.

A current uhf experiment in New York will bring this issue to a head
in a couple of years. The other big question FCC faces is pay-tv, which
has not been a partisan issue.
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mperex

VHF P-A-D-T High-Gain Transistors ARE BETTER...for

AM/FM, mobile communications, car radio, and instrumentation!

n Maximum Uniformity and Interchangeability

By combining the best qualities of both the alloy and
the diffusion approaches to transistor construction — and by
means of special “self-jigging” techniques — the Amperex Post
Alloy Diffusion Process achieves maximum vield and uni-
formity, virtually eliminating the need for “‘selection”. From
drawing-board to final quality control checkpoint, the PADT
process rigidly maintains the specifications of each transistor
you require, not only to provide hitherto unattainable uni-
formity, but also maximum interchangeability with competi-
tive types — plus. ..

a ngh Beta The revolutionary PADT process provides
a guaranteed minimum beta of 40 . . . an average of 150
... with resultant high power gain' Therefore, PADT tran-
sistors can now guarantee. ..

B Maximum Design Freedom for Engineers The

unprecedented characteristics of PADT transistors pro-
vide easier temperature stabilization, lower bias circuit loss,
higher dissipation reserve, superior K factor, high alpha cut-off
frequencies and safe, extremely conservative collector voltage
ratings.

7 NEW P-A-D-T PNP TYPES specifically designed for specific applications —and now

in mass production at the new Amperex semiconductor plant in Slatersville, Rhode Island

APPLICATION TYPE NO.

1 PADT-23 RF amplifier in 6 or 12 volt car radio Low leakage and high current gain minimizes AGC current re-
applications from .5 to 1.5 mc, or in quirements. Improved noise figure. High base-to-emitter voltage
portable broadcast receivers. rating minimizes danger of breakdown.

CAR RADIO ¢ PADT-24 IF amplifier (455 or 262.5 kc), or in Low collector-to-base capacitance; plus extremely small collector
mobile communication receivers; at 6 cut-off current. Minimum Beta of 40 to facilitate the design of
or 12 volts. AGC circuits.

PADT-27 Mixer, oscillator or converter, 455 or Low mixer noise averaging only 3 db at 1 mc. Low leakage, less

K 262.5 kc; at 6 or 12 volts. than 50 uza at 60°C.

¢ PADT-25 High frequency IF amplifier in mobile Unusually high output resistance for improved receiver selectivity.
communication and airborne receivers. Less than 50 ua leakage at 60°C improves AGC operation.

PADT-26 RF or tF amplifier, or mixer, in receivers Typical power gain greater than 14 db at 100 mc, with a noise
operating up to 100 mc. figure less than 9 db. High base-to-emitter breakdown voltage for

MOBILE extreme safety.

COMMUNI- &

CATIONS PADT-28 RF amplifier for service in the 175 mc¢ Typical gain of 14 db at 200 mc. Noise figure, 5.8 db. Maximum
region. frequency of oscillation, 700 mc. Extremely low base resistance.

PADT-31 Mixer, oscillator, or frequency muiti- High output resistance (30,000 ohms typical at 10.7 mc). Power
plier at frequencies up to 60 mc. gaig7— more than 14 db at 60 mc. Conversion gain 20 db min.
at mc.

In stock at the following Amperex distributors:

ADLETA COMPANY NEWARK ELECTRONICS CORP.
DALLAS 1, TEXAS CHICAGO, ILL.

AOLETA COMPANY RADID SHACK CORP.
FORT WORTH, TEXAS BOSTON, MASS.

BRILL SEMICONDUCTOR CORP. RADID SHACK CDRP.
OAKLAND 6, CALIF. STAMFORD, CONN.

ELMAR ELECTRONICS INC. RAD!D SHACK CORP.
OAKLAND 7, CALIF. W. HARTFORD, CONN.

INTERSTATE RADID & SUPPLY RADID SHACK CORP. DF CONN.
DENVER 4, COLORADO NEW HAVEN 10, CONN.

MILD ELECTRONICS R. V. WEATHERFORD COMPANY
NEW YORK, N. Y, GLENDALE 1, CALIF.

-

ask Am perext:f’,

S
for detailed data and ——
applications assistance
(including complete circuits
designed to your specifications)

AMPEREX ELECTRONIC CORPORATION

230 DUFFY AVENUE, HICKSVILLE, L. |., NEW YORK

In Canada: Rogers Electronic Tubes & Components, 116 Yanderhaof Ave., Toronto 17, Ont,
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P+A.D.T TRANSISTORS ‘COMPARISON-TESTED'
WITH COMPETITIVE CAR RADIO BRANDS

Brand Y

Amperex PADT
Transistor

f.colmce) 70 typ 42 typ Approx 12.6 mint"
hge (f=1kc) 40 min 60 typ RF 20--80
150 typ CONV 20—-200
iF 20—-100
ALL f max (mC) 2620 typ = 50 min
Pc(mw at 459C) 67" 600 30
o 8 pa max 7t 0
fcgg (25°C) 1.9 na typ yp 10 max
Maximum Avail-
RF able Power Gain 47.5 dbt 41.5 L_
1.5 me
Maximum Avail-
IF able Power Gain 60.6 dbi® 54.5 db 55
455 ke

(1) Calculated on the basis of fmax="50 mc and TpCe =200 pus substituted
in the following equation: fn co"’zmaxa'”'b’cc

(2) Calculated value based on a maximum available power gain of 28 db at
10.7 mc and a power fall of 6 db per octave.

(3) Based on Pe at 25°C of 80 mw, Pc at 55°C of 50 mw and a linear

derating factor which is 1 mw °C.
(4) Calculated by the following equation: PG

Yfe‘

48je 8oe
Coming soon! New P:AD'T Switching, UHF and Power types!

max avail
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slotted line
performance...?

— here are design parameters uniquely defined

Note how comprehensively D-B parameters
cover all requirements of a standing wave
detector.

D-B units are designed for unprecedented accu-
racy, repeatability, and operator convenience.
They’re built with high-precision parts, under
close quality control. Attractively styled and
fully guaranteed, they have achieved a tremen-
dous acceptance by the industry.

Interchangeability with precision. Any D-B unit
will handle adjacent frequency bands by using
a different size waveguide block and probe. You
can make the change in 30 seconds, with no loss
whatever in alignment accuracy.

Complete range of sizes —10 models cover from
585 KMGC-to 140 KMC —or you cvan purchase
interchangeable blocks and probes to extend the
range of any model, at a saving.

Uniformity of waveguide surfaces. D-B provides
a high internal surface uniformity by precision
machining its millimeter waveguides, and using
carefully selected precision waveguide for
lower-frequency units. This construction
insures a uniform path for measured waves,
thus minimizing residual VSWR.

Slot excitation is negligible, resulting in mini-
mum RF leakage —another reason why residual
VSWR is very low.

Probe impedance is properly matched to the
waveguide. Uniform probe penetration is pro-

BONARD! |

®

DE MORNAY
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vided by a fast, convenient slope adjustment,
made in a few minutes.

Adequate probe travel (= 15 Ag ) available at
all frequencies. Operator can read at least 3
maxima and 3 minima of VSWR.

Efficient mechanical translation. D-B mechanism
functions with exceptional smoothness, giving
the unit a definite instrument “feel’” Five point
kinematic carriage suspension insures excellent
linearity of probe motion.

Vernier readout on knob periphery permits read-
ing of probe travel to .01lmm without mounting
of costly accessories.

Continuously variable drive ratio changes car-
riage travel from “vernier” to ‘‘fast”—a time
saver during rapid measurements.

Direct phase readout. Phase shift may be meas-
ured accurately on the calibrated knob, which
reads percentage of 180° directly.

For complete data, see your D-B Catalogue, or
request folder DB-825.

Interchangeable
waveguide blocks.
Each realigns

perfectly to
probe travel
in a few seconds.

780 SOUTH ARROYO PARKWAY e« PASADENA, CALIFORNIA
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NEW CIRCUIT POSSIBILITIES

for low impedance,
high current applications

SILICON SWITCHING DIODES

Combining high reverse voltage, high forward conduc-
tance, fast switching and high temperature operation,
these diodes approach the ideal multi-purpose device
sought by designers; they open new areas of opportunity
for circuit design.

Type CSD-2542, for example, switches from 30 ma to
—85v. in 0.5 microseconds in a modified IBM Y circuit
and has a forward conductance of 100 ma minimum at
1 volt.

A DIVISION OF

(57%) CLEVITE TRANSISTOR

200 SMITH STREET, WALTHAM 54, MASS « Phone: TWinbrook 4-9330 or 4-7780

Reliability in volume .

GENERAL PURPOSE TYPES

Optimum rectification efficiency rather than rate of
switching has been built into these silicon diodes. They
feature very high forward conductance and low reverse
current. These diodes find their principal use in various
instrumentation applications where the accuracy or re-
producibility of performance of the circuit requires a di-
ode of negligible reverse current. In this line of general
purpose types Clevite has available, in addition to the
JAN types listed below, commercial diodes of the 1N482

series.
MILITARY TYPES

JAN SIGNAL CORPS
1N457 MIL-E-1/1026 1N662 MIL-E-1/1139
1N458 MIL-E-1/1027 1N663 MIL-E-1/1140
1N459 MIL-E-1/1028 1N658 MIL-E-1/1160

1N643 MIL-E-1/1171
Write for Bulletins B217A-1, B217A-2 and B217-4.




Take a close look

at today’s foolproof

termination method...

Then put it to the test!

This blow-up of the unique GAMEWELL High Pressure
Spring Contact Potentiometer Design tells the story.
It’s shockproof, shake-proof, foolproof!

Precious metal spring contacts with unit pressure in
excess of 10,000 pounds per square inch assure positive,
troublefree contact at both tap and terminal. This ad-
vanced High Pressure Spring Contact Design provides
extremely low end resistance . . . without excessive linear-
ity distortion at taps. In addition, pressure is well with-
in the spring’s elastic limit . . . and there are none of the
fatigue factors inherent in welded joint construction.
It’s truly a long-life design . . . and meets MIL speci-
fications.

GAMEWELL Series
RL-270A Potentiometers
are available with High
Pressure Spring Contacts.
They also feature
dimensionally stable
housings, closer tap spacing,
advanced design shaft-and-
slip ring for low noise

) and minimum wear.

~«—CIRCLE 18 ON READER SERVICE CARD

Thousands of GAMEwELL Pots incorporating this
High Pressure Spring Contact Design are operating in
all kinds of service. Exhaustive GAMEWELL and user
tests have confirmed the superiority of this design under
severe environmental conditions of shock and vibration

- - Over temperature ranges from —65°C to +200°C.
Put this method to the test in your lab.

For applications requiring utmost dependability, spe-
cify GAMEWELL High Pressure Spring Contact Design.
Write for additional information and send specification
requirements to THE (GAMEWELL CompaNY, 1382
Chestnut Street, Newton Upper Falls 64, Mass. 4 Sub-
sidiary of E. W. Bliss Co.

PRECISION POTENTIOMETERS

INTEGRALS OF
HIGH PERFORMANCE
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ghest reliability
ghest quality

SCOPE-TO 30 MC!

& 160B MILITARIZED
15 MC SCOPE!

NEW 170A MILITARIZED

Vertical, time axis plug-ins provide unique

& 166A Plug-in (Time-Axis) furnished with the -hp-
160B and 170A Oscilloscopes (as pictured), provides
standard input connections, including trigger input,
Z-axis, single-sweep arming input.

® 162A Dual Trace Am-
plifier plug-in (vertical)
gives maximum sensitivity to
20 mv/cm, permits viewing
of two phenomena simulta-
neously, offers differential in-
put for common mode rejec-
tion, meets environmental re-
quirements of MIL-E-16400C.
Electronic chopping permits
better utilization of sweep
speeds, extends simultaneous
viewing of 2 signals to lower
frequencies without flicker.
-hp- 162A, $350.00

CIRCLE 20 ON READER SERVICE CARD

®166C Display Scanner (Time-Axis plug-in) pro-
vides output to duplicate, on an X-Y recorder, any
repetitive waveform appearing on CRT trace. Resolu-
tion with permanent, large-scale records is higher than
either scope CRT or photograph, and you can observe
the scope trace while records are made. Unit converts
high speed signals to slower signals having the same
waveshape; scanning speed is arranged to keep Y, out-
put within the bandwidth of conventional recorders.
-hp- 166C, $300.00.

& 166D Sweep Delay Generalor (Time-Axis plug-
in) delays the main sweep of the 160B and 170A Scopes
for detailed examination of a complex signal or pulse
train. In addition, it offers a unique mixed sweep fea-
ture to show an expanded segment of a delayed wave-
form while still retaining a presentation of earlier por-
tions of the waveform. Delay time 1 usec to 10 sec.
Delaying sweep 18 ranges. Delayed length 0 to 10 cm.
Delay functions: trigger main sweep, arm main sweep,
mixed sweep. -hp- 166D, $326.00.



OSCILLOSCOPES

Meets military specifications
Conventional controls for simple operation
Uniquely versatile dual plug-ins providing:

1. X-Y records of repetitive waveforms
(% 166C Display Scanner Plug-in)
2. New sweep delay convenience
(% 166D Sweep Delay Generator Plug-in)
3. Widely versatile input capabilities
(® 162A Dual Trace Amplifier Plug-in)

These are the scopes you have been waiting for!
Built to exacting military specifications, they offer
instantly expandable measurement capability—
when you need it. It’s easy ! Just add a moderately
priced plug-in unit!

Both & 160B and 170A employ the same ver-
tical and time-axis plug-ins providing the widest
range of application with minimum plug-ins and
minimum investment. Details of these plug-ins
are given on the opposite page.

New dp 160B and 170A follow MIL-E-16400C
for shock, vibration, humidity and temperature.
Important features include high stability tube-
transistor circuits, regulated dc filament voltages
and premium components throughout. Power
transistors in efficient heat sinks insure cool op-
eration; etched circuits on translucent ep. xy glass
simplify circuit tracing and servicing.

Simple, conventional controls speed set-up time
and actual measuring. Improved preset trigger-
ing insures optimum operation for almost all con-
ditions with just one adjustment—even on signals
down to 2 mm deflection. Both # 160B and 170A
give you big, bright presentation on a 5” CRT,
with a clear, steady trace free from bloom or halo.

A push-button beam finder automatically lo-
cates off-screen beam or trace (especially useful
for operation by inexperienced personnel). And to
increase general-purpose usefulness: 24 cali-
brated sweep times, 0.1 usec/cm to 5 sec/cm, =+
39 accuracy. Vernier extending slowest sweep to
15 sec/cm. Seven-range magnifier increasing fast-
est sweep to 0.02 usec/cm. Horizontal sensitivity
0.1 v/cm to 10 v/cm. Vernier extending minimum
sensitivity to 25 v/em. # 160B, $1,850.00; %
1704, $2,150.00.

versatility for the ® 160B and 170A scopes!

SPECIFICATIONS—# 160B and 170A with & 166A Plug-in

VERTICAL

Bandwidth: & 1608, 15 MC

& 170A, 30 MC

9 calibrated ranges + 3%, 0.2 mv to 100 v
peak to peak

5 ma peak to peak + 3%

Voitage Calihrator:

Current Calibrator:

HORIZONTAL
Bandwidth: dc to 1 MC
Sensitivity:- 7 ranges 0.1 v/cm to 10 v/cm. Vernier extends

minimum sensitivity to 25 v/cm

Input Impedance: 1 megohm shunted by 30 pf

Magnification:

Triggering:

Trigger Point:

PRICE:

SWEEP GENERATOR
internal Sweep:

24 ranges, 0.1 usec/cm to 5 sec/cm, * 3%.
Vernier extends slowest sweep to 15 sec/cm

7 calibrated ranges, X1, X2, X5, X10, X20, X50
and X100. increases fastest sweep to 0.02
usec/cm

Internal, power line or vertical input signal
(2 mm or more vertical deflection); ex-
ternal (V2 v peak to peak or more)

Positive or negative going voltage. Trigger
level of external sync signal adjustable
——30 to 30 volts

& 160B, $1,850.00 (cabinet or rack mount)
& 170A, $2,150.00 (cabinet or rack mount)

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

HEWLETT-PACKARD COMPANY

Pafo Alto, California, U.S.A.
DAvenport 6-7000

1057A Page Mill Road
Cable ‘‘HEWPACK'’

HEWLETT-PACKARD S.A.

Rue du Vieux Billard No. 1
Cable ""HEWPACKSA"

Geneva, Switzerland
Tel. No. (022) 26.43. 36

Sales representatives in all principal areas
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IMPROVED
CONSTRUCTION

ALL UNITS
ACTUAL SIZE

VITREOUS-ENAMEL
POWER RESISTORS

Sprague reliability is built-in
these dependable Blue Jack-
et miniature axial lead re-
sistors. New all-welded end-
cap construction gives im-
proved reliability under se-
vere environmental condi-
tions.

Blue Jackets are ideal for
use in miniature electronic
equipment with either con-
ventional wiring or printed
wiring boards.

Get complete data on these
dependable minified resist-
ors, write for Engineering
Bulletin 7410A.

SPRAGUE ELECTRIC COMPANY
35 Marshall Street, North Adoms, Mass,

e T T

SPRAGUE

——y

THE MARK OF RELIABILITY
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FINANCIAL ROUNDUP

Earnings Up for Texas Instruments

EARNINGS AND SALES for Texas In-
struments in the third quarter of
this year are up over the equiva-
lent period of 1959. This year’s
sales figure is $54,096,000, com-
pared with $46,700,000 last year.
Net earnings after income taxes
were $3,596,000 or 91 cents a share
of common stock after preferred
dividends, compared with $3,572,-
000 or 89 cents a share for the
third quarter of 1959. Common
shares outstanding total 3,924,613,
compared with 3,914,630 at the
same period last year. Nine-month
sales and earnings this year were
$170,147,000 and $11,517,000 re-
spectively, compared with $140,-
899,000 and $9,877,000 for the first
nine months of 1959.

Narda Microwave Corp., Mineola,
N. Y., for the quarter ended Sept.
30 reports sales of $590,788. After
payment of federal and other taxes
of $220,422, and other expenses,
net income from operations totaled
$20,771, giving a net income per
share of 35 cents.

Hoffman Electronics Corp., Los
Angeles, announces net sales of
$14,728,910 in the third ruarter of
this year, and $38,659,4 ) for the
first nine months of 1960. This
compares with $11,915,968 for the
third quarter of 1959 and $34,261,-
157 for the first nine months last
year. Earnings for the third quar-
ter this year were $129,377, or 8.5
cents a share. Figures were higher
in the same period last year with
earnings of $459,661, or 30 cents a
share. Net income for the first
three quarters this year also
dipped to $252,431, or 17 cents a
share, as against $1,565,366 or
$1.04 a share for the comparable
1959 interval.

National Research Corp., Cam-
bridge, Mass., announces a net
profit of $70,988 after taxes, equiv-
alent to 13 cents per share of com-
mon stock, for operations in the
third quarter endimg Sept. 30.
Company officials say the result

brings the net profit after taxes
for the first nine months of 1960
to $170,278, or 32 cents per share.
In 1959, there was a profit of $49,-
970 in the third quarter, a net loss
of $50,564 for the first nine
months,

Hathaway Instruments, Denver,
Colo., reports consolidated net
sales for the nine months ended
Sept. 30 were $9,364,492. Net earn-
ings for the period were $672,024,
equal to 70 cents per share, an in-
crease of 28 cents per share over
the 42 cents reported at the end
of the preceding six-month period.

Electronic Research Associates,
Cedar Grove, N, J., announces
sales rose 33 percent during the
company’s first fiscal quarter
ended August 31, to a figure of
$568,023. Net profits were $43,600,
more than double last year’s $19,-
800 on sales of $424,839. Earnings
this year were 23 cents a share as
against last year’s 16 cents a
share.

25 MOST ACTIVE STOCKS

WEEK ENDING NOVEMBER 4, 1960
SHARES
(IN 100's) HIGH

LOW CLOSE
Gen Tel & Elec 1,277 26% 24% 2638
Lockheed 886 26Y2 23% 2544
Ampex 730 23 0% 20%
Avco Corp 688 14vg 13Ya 13%
Gen Electric 688 7% N% 7
Sperry Rand 674 19%  18% 187
Int'l Tel & Tel 631 40Ys 3% 397
North Amer Ay 601 43% 4158 4318
Westinghouse 508 48%  46Yp 4812
Martin Co 387 5512  S2Y2  54l2
Philco 385 19% 173%  18%
Gen Dynamics 350 38% 3612 382
Varian Assoc 344 433% 9% 4312
Univ Controls 341 15 143 14%
Texas Inst 33 171%2 157 1718
Zenith Radio 327 105 99Ya 9958
Elec & Mus ind 292 6Ya 6 6Ya
Litton Ind 267 5% 702 7478
Gen Instrument 266 3% 3R 33
Polarad 246 19%2 17% 18%
Beckman Inst 243 822  76Y2  8l3%
Cenco Inst 229 48Y2 43 47V,
Federal Pac Elec 205 172 162 17Y%2
Burroughs 202 29%  28Ys 2878
Coltins Radio 197 45 2%  43%

The above figures represent sales of electronics

stocks on the New York and American Stock
Exchanges. Listinﬁ are prepared exclusively for

ll)ix.slc‘:momcs by Ira Haupt & Co.,’ investment
ankers.

electronics



IN ADVANGED DIGITAL INSTRUMENTS
EPSCO DELIVERS ITS SPECIFICATION

FUNCTION TRIGGER

[ e w ,an
i ¥ A ou\‘\ r,—m

EPSCO DVOM
COMBINES ¢
FEATURES IN
3/ X5/ x13%

QUICK SPEC CHECK-compare with your needs:
« AC and DC voltages from 0 to 1000 (four ranges)

« Resistance: 1K to 1000K (four ranges)

= Accuracy: DC - 0.1% AC - 0.25% Ohms - 0.25%

« 3 decimal digits plus over-ranging

For complete specifications, call or write today

HERE ARE THE 9 FEATURES:

1. Measures AC volts, DC volts and ohms.

2. Parallel decimal and 4221 BCD output. for Bulletin 26002.

3. 4 milliseconds per conversion.

4. All solid state circuitry. B

5. Modular, plug-in construction. )

6. In-line, in-plane display. psca .y

7. 100 independent measurements per second. = AN INSTRUMENTS

8. Internal and external conversion command. v ;

9. Mount tWO, side by side, in a RETMA rack. A division of Epsco, Incorporated, 275 Massachusetts Ave., Cambridge 39, Mass. Telephone UNiversity 4-4950
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'Instruments that

‘Stay Accurate
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After More Than
600 Separate Inspections
— One Panel Instrument

Sounds like a lot of inspecting, but it’s one
of the things that makes possible
Simpson’s fine panel instruments.

Take pivots, for example, which support
the rotating armature of a meter movement.
Because Simpson quality standards are so
high, Simpson makes its own pivots which
require more than 60 separate inspections
during manufacture. Among these are
1009, inspection under a 100X microscope
and sampling inspection under a 400X
microscope to check radius, cone angle,
finish and other characteristics. One result
is pivot points with a radius tolerance
maintained to within .000010”. Moreover,
Simpson inspects each and every group of
pivots for correct hardness so they won’t
deform under rough use.

Through such meticulous care as this,
Simpson is able to offer you panel instru-
ments with accuracy limits that are 1009,
guaranteed . . . instruments with conserva-
tive ratings on which you can rely . . .
instruments that stay accurate . . . instru-
ments you can specify with confidence.

Write for Catalog 2059A.

ELECTRIC P COMPANY

5203 West Kinzie Street ¢ Chicago 44, Illinois
Phone: EStebrook 9-1121
In Canada: Bach-Simpson Ltd., London, Ont,

CIRCLE 25 ON READER SERVICE CARD
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MANDEX

OFFERS YOU THE
MOST COMPLETE
LINE OF

TERMINAL
STRIPS g

Subminiatures
(%" Spacing)

Wire- Grip Lug

High Speed Automated
Assemblies Bring You:

® Consistent Quality
® Quick Delivery
® Low Cost

Send prints-specs for prompt quo-

tation. .. For complete

information request Iy i
NEW MANDEX  f&ad -
GUIDE BOOK |
TO TERMINAL |

STRIPS

|
f

MANDEX

MANUFACTURING

Company, INC.
Specialists In Electronic Parts
fese =t

2618 West 48th St., Chicago 32, lllinois
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Henry J. Dempsey, Deputy Direc-
tor, Trade Development Division,

Bureau of Foreign Commerce:
“Opportunities are more extensive”

Bradley Fisk, Assistant Secretary
of Commerce for International Af-
fairs: “World markets in the 1960’s
present formidable challenges”

New Look at World Markets

IN RECENT TALKS before American
business executives, Department of
Commerce officials Henry Dempsey
and Bradley Fisk (above) have
underscored the opportunities that
exist today in the international
market for sales of electronic equip-
ment. Information reported to
management executives by Demp-
sey is of particular note because of
the detailed market opportunities
he outlines for various countries.
For instance:

UNITED ARAB REPUBLIC—
Given populous conditions and suffi-
cient dollar exchange, an extremely
wide range of United States prod-
ucts could be sold here. Tv trans-
mitting and receiving materials are
one of the products he lists as hav-
ing good credit market possibili-
ties.

DENMARK—Hospital and sur-
gical equipment, which is becoming
increasingly electronic, Dempsey
says, is one of the products for
which there is good export market
here today. He also says there is
a growing market for phonograph
records and scientific instruments.

FRANCE—A recent survey re-
veals a wide range of export pos-
sibilities and that many items could
double their present sales rate.
One class of products with good ex-
port possibilities is machine tools

(for which electronic controls are

becoming of increasing impor-
tance.)
Dempsey reports that lack of

publicity material in France limits
expanded sales of electric-electronic
medical products.

LUXEMBOURG — Despite its
small size (population 320,000),
this country is a good market for
many products because its limited
population has made it impossible
for Luxembourg to be self-suffi-
cient.

Among the products believed to
have good export possibilities are:
Duplicating machine (a field in
which electronic types are winning
an increasing share), and elec-
tronic data processing machines.

NETHERLANDS—Widest pos-
sibilities for U. S. exports appear
to be for goods with desirable
characteristics which the Dutch
cannot get elsewhere—such as,
labor saving devices and equip-
ment. These are in demand due to
the labor shortage.

LEBANON—Good markets exist
for scientific instruments, phono-
graph records, automatic tele-
phone equipment (becoming in-
creasingly electronic) and for a
simultaneous translating system.

NEW ZEALAND-—U. S. exports
to this country have increased sig-

electronics



nificantly in the past few months
due to the virtual removal of dis-
criminatory import licensing. How-
ever, a considerable further in-
crease is still possible, Dempsey
says. Items with current export
possibilities include:

Television set components, trans-
mitting equipment, paper machin-
ery and machine tools (two items
in which electronic controls are
playing an increasing role.) There
is also a latent demand for com-
munication equipment and office
machinery of all kinds.

Bradley Fisk points most of his
attention to the national need to
improve our export levels in order
to meet our large and growing
expenditures of foreign goods. now
$15 billion annually.

Growth in these expenditures is
a basic necessity for international
relations. Copy of Fisk’s remarks
can be obtained from the U. S.
Department of Commerce by asking
for Challenge of World Markets,
Oct. 17, 1960.

Among details he mentions is the
fact that many countries outside
of Europe have largely abolished
or reduced dollar discrimination.

These countries include Austra-
lia, Malayva, Japan (one of the
largest importers of electronic
products in the world.)

Fisk adds that this vear it is
anticipated there will be the
virtual elimination of diserimina-
tion against U. S. goods abroad.
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This printed circuit disc is the “face’’
of a clock that tells time in digital code

...or any code your computer, control system, or data proc-
essing device needs to keep it properly in touch with the
world of real time.—A. W. Haydon is a company of infinite
variation when it comes to such analog-to-digital converters,
or “binary encoders’. Time periods range from seconds to
weeks. Sizes range from miniature to large. They come sealed,
enclosed or open, with AC, DC, or pulse drive, and with an
imposing variety of accessory equipment.—The model shown
is for commerical use. It provides a discrete signal for each
two-minute interval over a 28-day period. It is used, among
other places, in an automatic parking lot ticket computing
system.— This and several other time code generators are
described in Technical Brochure SP9-2. It's yours for the ask-

: ing. Similar solid-state devices can be
supplied by our Culver City, Calif., facility.

AWH_

' : LN 235 North EIm Street, Waterbury 20, Connecticut
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TOGGLE SWITCH MODEL 20

PRECISION
HIGH FREQUENCY

ATTENUATORS o
ELECTRONIC INSTRUMENTS

DC TO 500 MEGACYCLES Sweeping Oscillators

Frequency Markers

B 50, 70, or 90 ohm impedance Audio Spectrum Analyzers
B High-Frequency, Precision Teflon & Silver Switches Pulse — Pulsed RF Generators
B 19 Carbon Film Resistors # Fully Shielded Units Brecision Att .
B Upto 101 db M Fixed O or 10 db insertion loss T )
M SWR: 1.2: 1 max up to 250 mc Random Noise Generators
1.4 : 1 max 250 to 500 mc Kilo-Sweews ®
M Min. Insertion*: 0.1 db at 250 mc; 0.2 db at 500 mc Rad 4 "
B Accuracy: At Full Attenuation: 0.5 db at 250 mc, 1.2 db from ada-Sweeps
250 to 500 mc Ligna-Sweeps °
B Price: (Model 20) $79.00 f.o.b. factory - ®
($87.00 F.AS. N. Y.) Soma-Swecps
Marka-Sweeps ©

*Zero insertion loss (Model 20.0) $75.00 f.o.b. factory
Vari-Sweeps ©

KAY ELECTRIC COMPANY o Mega-Sweeps ©
ata ormation

DEPT. E«}1 + MAPLE AVENUE + PINE BROOK, N. .+ CAPITAL 6-4000

MODEL KA4952 FOR PANEL MOUNT

electronics
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BENDIX CAPACITORS COVER A |

ALL FEATURE THESE IMPORTANT ADVANTAGES:

Environmental resistance
No voltage derating

Under 125°C.— Specials

* Size and weight reductions at high
voltages  Drift—.259, capacitance
change typical from —55°C. to
+125°C. « High I. R.—1500
megohm X microfarads typical at
125°C. o Solid impregnants—no
liquid leakage.

125°C. to 200°C.— Available soon
e .001 to 6.0 mfd., 200 V to 3 KV,
specials to 10 KV. ¢ Molded and
metal housed; tubular and rectangu-

November 18, 1960

Wide voltage range
Solid impregnants

For full details, write:
Scintilla Division

High I. R.

lar ¢ Size and weight reduction—
over plastic film and stacked mica
types, particularly at high voltages
e Drift—19%, capacitance change
typical from —-55°C. to +200°C.
e High I. R.—50 megohm X micro-
farads typical at 200°C. ¢ Proved
in 4 years’ usage.

200°C. to 315°C.—In production
¢.05 to 4.0 uf, 600 V and up ¢ Drift—
3% capacitance change typical from

Wound mica papers

Radiation resistant
Exceptional stability

—55°C. to +315°C. ¢ High I. R.—
10 megohm X microfarads typical
at 315°C. e Nothing smaller at
315°C.

315°C. to 400°C.—In development
¢ .001 to 6.0 uf, 150 V and 600 V
¢ Drift—5% capacitance change
typical from -55°C. to +426°C.
* High I. R.—1 megohm X micro-
farad typical at 400°C. « Prototype
availability ¢ Only inorganic
materials used.

“MIIJ"I/

CORPORATION

Sidney, New York
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TECHNICAL CERAMICS,

New Random Access Memory Package...

uses only 18.75"
IN STANDARD 19" RACK

ANOTHER G-C SPACE-SAVER!

GENERAL CERAMICS, continuing its
leadership in the memory packaging
field, has made available double and
triple bay random access memories with
up to 4096 characters x 32 bits per char-
acter at cycle times up to6 micro-seconds.
Now you can get design economy since
the basic G-C package requires only
18.75" of standard rack space—a reduc-

tion of up to 80% over typical units re-
quiring a full six feet.

General Ceramics offers space-saving
random access memory designs with
varying number of characters, word
lengths and logic.

Optional design features include parity
checking, test cycles, indicator lights and
power supply locations.

Write on your company letterhead for additional information.
Please mention your requirements; address inquiries to Section E.

----- onN or

o
INDIANA

-

GENERAL

cCORPORATION

CIRCLE 20 ON READER SERVICE CARD
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APPLIED LOGIC DEPARTMENT

GENERAL CERAMICS

KEASBEY, NEW JERSEY, U.S.A.
FERRITE AND MEMORY PRODUCTS

electronics
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ONLY WESTON

VAMISTORS® OFFER SMALLER
SIZES, HIGHER RATINGS,
EXTENDED RANGES

"l«-watt and T/,-watt size resistors give
double ratings in ambients of 125° C

Miniaturized Weston VAMISTORS provide the desirable features
of wire-wound and film-type resistors, yet offer higher wattages

and superior thermal characteristics. For example, standard
Yi-watt size “Missile Line” VAMISTORS are rated at half watt, and
Y2-watt sizes give a full watt at 125° C. Gas-filled “Missile Line”
units thefore offer twice the wattage ratings

of standard VAMISTORS!

Design advantages include high stability, low temperature
coefficient, and tolerances of 1%, *.5%, *.25%, and .1%.
These new precision film resistors are virtually noise free, have
extremely low inductances, and are available with resistances

up to 5 megohms.

High reliability is assured, since Weston VAMISTORS are
subjected to more rigid quality standards than any other type of
resistor. They meet or surpass all applicable MIL specifications.

For special applications, pairs or sets of VAMISTORS can be
matched to tolerances of =.025% or temperature coefficients
of =5ppm of each other, or combinations of both tolerance and
temperature coefficient.

Call your Weston representative for full information,

or write for Catalog 04-101. Daystrom, Incorporated,

Weston Instruments Division, Newark 12, New Jersey.
International Sales Division, 100 Empire St., Newark 12, N. J.
In Canada: Daystrom Ltd., 840 Caledonia Rd.,

Toronto 19, Ontario.

Model 9855.4 Yi-watt size VAMISTORS can
be used with a maximum of 350 volts. Model
9854 Ya-wott size VAMISTORS have a maxi-
mum rating of 500 volts. Resistance ranges:
100 chms to 5 megohms. Temperature coef-
ficient: 50 and 25 parts per millian/°C.
Inductance: appraximately .007 micrahenry,

a—
DAYSTROM, INCORPORATED
4

WESTON INSTRUMENTS DIVIS|ON
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Here’s why the NEW AO
TRACE-MASTER is the

world’s finest

8-channel

direct writing recorder!

American Optical Company, famous for precision instrumentation for
138 years, introduces an electronic direct-writing recorder of unique
design, in which ultra-precisc electromechanics has been combined
with advanced clectronics to achieve truly superior performance.

Finest Writing Method Ever

Unique direct-carbon-transfer writing
method. Trace is uniformly black and up
to four times thinner than that made by
any other recorder. Minute variations in
phenomena mcasured are more faithful,
meaningful. Carbon trace cannot fade...
may be easily reproduced.

Finest Frequency-Amplitude Performance

TRACE-MASTER’S multple-feedback
wide-range Driver circuitry. combined
with the advanced pen-motor design, pro-
duces wider frequency responsc af larger
amplitudes than any other recorder.
TRACE-MASTER response is tlat—auith-
in 1% — from dc to 110 cps at 40 mm!

Band Amplitude Product (i.e. Bandwidth
times Amplitude) is 5600...140 cps (3 db
point) x 40mm!’

Finest Chart-Drive Facilities

TRACE-MASTER provides widest chart-
speed range...0.1 to 500 mm/sec...of
any direct-writing recorder! Convenient

W-pe-

Entire channel easily accessible and completcly

interchangeable as single unit.

WRITE, WIRE, TELEPHONE TODAY
FOR COMPLETE INFORMATION'!

push-button selection. Take-up reel auto-
matically stores full 1000 ft. record. Writ-
ing table tilts for easy chart annotations.
Guide rails permit quick, easy paper-roll
changes. Low cost chart paper makes prac-
tical protracted recording at high speeds.

Finest Resolution, Linearity, Stability

Thin carbon trace (thinner by 4 to 1 over
most recorders) and high Band Amplitude
Product (higher by 6 to 1 over other re-
corders) provide up to 24 times the re-
solving power or ability to detect shorr,
sharp variations in the record. The su-
perior linearity (+ 1%) and stability in
rectilincar presentation permit full use of
this unexcelled resolution.

Finest Systems Oriented Compatability

Fully transistorized circuitry...application
of combined dc level and signal multiple
feedback...complete interchangeability of
modular signal-conditioning elements...
are some of the features that make the
AO TRACE-MASTER the world’s finest
8-channel direct writing recorder.

Complete Engincering Bulletins available.

Field Sales Engincers at your service everywhere.
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See it... Try it...
at the Shows

WESCON! ISA!
NEC! NEREM!

Widest range chart speed . . . push-button
selection through 0.1 mm/sec to 500 mni/sec.

_____________ -
|

. . |
American @ Optical |
COMPANY l

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK '

|

—
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appearances are not deceiving
THIS P&B 10-AMP RELAY IS AS RELIABLE AS IT LOOKS

Our AB relay looks rugged ... and it is. You can specify it for
10 amp switching and confidently expect 100,000 cycles. Yet it
is compact, easily mounted, and does not require special han-
dling. Installation is simple, using your preference of screw

ABC Series—AB series can be sup-
plied enclosed in sturdy metal dust
Cover, 13%44” x 22%2" x 2%32".

terminals (adapters), quick connects,
or dip soldering.

Designers specify the AB for air
conditioners and other products where
dependable, continual service is
paramount,

These standard AB and ABC relays
are listed by Underwriters’ Labora-
tories and Canadian Standards
Association:

Type  Arrangements Type Arrangements
ABJAY  DPST-NO ABCTAY DPST-NO
ABBAY DPST-NC ABCBAY DPST-NC
ABIIAY DPDT ABCIIAY DPDT

Coil voltages: 6, 12, 24, 115 and 230 volts AC, 50/60 cycle.

Contact rating 10 amps, 115 volts AC or 5 amps,
230 volts AC noninductive,

U/L File E-29244 CSA No. 15734
Write for complete data or contact
your nearest P& B sales engineer.

AB AND ABC RELAYS
ENGINEERING DATA

GENERAL:

Insulation Resistance: 100 megohms minimum.

Life: 3 million cycles (mechanical).

Breakdown Yoltage: 1500 volts rms between

all elements and ground.

Temperature Range: DC: —55 to +45°C.
AC: —55 to 445°C.

Weight: AB—5 ozs. ABC—7 ozs.

Terminals: Fit Y4 ” quick-connect terminals,

or may be applied to printed circuits

using dip soldering. Screw adapters

furnished on request.

Enclosure: ABC: Heavy duty dust cover.

Dimensions: 13'44” x 22%,;” x 2%42”.

CONTACTS:

Arrangements:  DPDT

Material: 14" dia. silver. Other materials

available.

Load: 5 amps at 230 volts AC or 10 amps

at 115 volts AC noninductive.

10 amps at 28 volts DC.

COIL:

Veitage: DC: 6 to 110 volts.
AC: 6 to 230 volts.
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Power: DC: 2 watts nominal.

AC: 6.4 volt-amps.
Resistance: 35,000 chms max.
Duty: Continuous: DC coils will withstand
6 watts at +25°C.

MOUNTINGS:

AB: Two 8-32 tapped holes on 114" centers.
ABC: One 8-32 stud %" long and
locating tab.

P& B STANDARD RELAYS

ARE AVAILABLE AT YOUR LOCAL
ELECTRONIC PARTYS DISTRIBUTOR

POTTER &€ BRUMEFIELD

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO



THERMOSETTING RESINS
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Complex pre-preg boards like this get
dimensional stability from DOW EPOXY RESINS

Complex electronic circuit boards, especially those
used in aircraft, computers, missile and rocket sys-
tems, are now being made stronger. more heat and
chemical resistant—with greater over-all dimensional
stability — using copper-clad. glass cloth laminates
impregnated with Dow epoxy resin.

Noted for their flexural, impact and copper bond
strengths, Dow epoxy resins give copper-clad, cpoxy/
glass laminates excellent dimensional stability—cven
during dip soldering. Shrinkage, warpage. twist
rarcly occur. What’s more, they score very high n
acid and solvent resistance, heat and humidity toler-

THE DOW CHEMICAL COMPANY -
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ance. And Dow epoxy resins process easily, won't
support fungus growth, and will not change measur-
ably with age.
The complicated board shown—laminated with Dow
epoxy resin — is sO thin it can be rolled into a tube
for shipping. or twisted to fit an oddly contoured
assembly, if necessary, without damage. For full in-
formation and technical assistance on Dow epoxy
resins, write: THE DOW CHEMICAL COMPANY,
Midland, Michigan, Plastics Merchandising Depart-
ment 1978JG11-18.

See ""The Dow Hour of Great Mysteries” on NBC-TV

MIDLAND, MICHIGAN

electronics



Bell's All-weather Automatic Landing Systemi—symbolized.

CLEARED TO LAND, WEATHER OR NOT

Today’s increasing air traffic demands faster and safer
all-weather operation at every airport.

Bell brings this goal one important step closer with its
All-Weather Automatic Landing System (ALS) which
can f{ly two airplanes to touchdown every minute, even
when visibility is absolutely zero.

The Bell ALS takes over when the pilot brings his plane
through the clectronic “window in the sky” and guides
it to a safe and sure landing.

The system has been flight-proved in more than 4,000
landings with all types of aircraft—small private planes
as well as airliners from the DC-3 and DC-7 to the huge
Boeing 707 jet. It now is being evaluated at FAA’s Na-

(i

tional Aviation Experimental Center, Atlantic City, N. J.

Unlike other automatic landing systems, the Bell ALS
is ground-based so a ground observer monitors every
approach and landing. It can operate either fully auto-
matically or under pilot control.

Military versions of the ALS have been ordered by the
Air Force. The Navy has selected it for installation
aboard the nuclear-powered aircraft carrier USS Enter-
prise as well as for its other large carriers.

The Bell ALS is but one among many contributions
which Bell Aerosystems Company is making to the scien-
tific progress and defensive strength of the free world.
We invite qualified engineers and scientists to inquire
about sharing our challenging and rewarding future.

BELL AEROSYSTEMS COMPANY

BUFFALO 5. N.Y.
DIVISION OF BELL AEROSPACE CORPORATION
A TEXTRON COMPANY
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Announcing...

wide range voltage-tunable magnetron from Eimac

Take a look at the world's most advanced voltage-tunable magnetron:
Eimac's new X-747, shown here with its magnet and cavity. This new tube X.747 —Linearity Characteristics
can be tuned over the exceptional range of 400-1200 megacycles—a range
approached by no other electronically tunable device. And it’s extremely
linear! Nominal output power of the X-747 is 100 milliwatts.

And too, the X-77 is easier to use than any similar device. No compli-
cated heater voltage regulation is needed. Back heating is eliminated
through its exclusive indirectly-heated matrix cathode plus advanced
electron injection design. And heater power supply can be either AC or DC.

2000

§
.

These advances make possible the most reliable voltage-tunable mag-
netron available today. Eimac can readily develop and produce other
VTM types to meet your specific needs. For full information,
write: Microwave Product Manager, Eitel-McCullough, Inc., 8
San Carlos, California.

Tuning Voltage

»
8

0 400 800 1200 1600
Megacycles

MICROWAVE TUBES ® AMPLIFIER KLYSTRONS ® NEGATIVE-GRID TUBES
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MAT

The CBS 2N393 MAT transistor cuts computer costs
three ways: Transistor costs . . . this transistor far outper-

forms ordinary alloy switching transistors — and at lower

cost, since fewer are required. Component costs. . .the versatile
2N393 simplifies circuits, eliminates many expensive com-
ponents. Manufacturing costs ... the high-performance
2N393 makes possible a universal, simplified circuit that

permits full exploitation of standardization economies.
Tolal savings can easily amount to 259%,.

Check the CBS 2N393 features and characteristics . . .
% and the universal computer circuit shown. Order engineering

samples from your local Manufacturers Warehousing
Distributor or sales office.

CBS 2N393 FEATURES
High gain with high fre- * Exceptional uniformity
quency response through controlled base
* D-c beta linear up to 50 ma width )
More efficient high-injection Welded TO-24 case hermeti-
emitter cally sealed

Low saturation resistance Automated production with
adaptable to DCTL sequential quality controt

Pyramiding factor of 5 easily Over-all quality exceeding
attained MIL-S-195

CHECK THESE DATA

Maximum Ratings
Junction temperature, °C
Collector voltage, v
Collector current, ma

1N283'S

NORMAL ©

BUS POINT 0——————]

BASE INPUTO—— Ygp © +6V Dissipation at 45°C, mw
POSITIVE“OR"BATE MAT INVERTING AMPLIFIER Electrical Characteristics (25°C)
Max. Icao (Ves = —5v), pa
UNIVERSAL MAT CIRCUIT PERFORMS 80% OF COMPUTER FUNCTIONS W TR = sy e 0B,
This basic NOR circuit provides for more than 80% of the logic and Max. Ves Sat (lc = g ma, s = —1ma), v... "
storage functions of moderately fast data processing systems: AND Max. Ve (On) (le = —8ma, Is = —1Ma), V...evvurrnnnnn.... 0.5
gate, OR gate, inverter, and flip-flop. Advantages include economy, Min. f max. (max. frequency of oscillation), mc
reliability, and ease of replacement. Special features are: minimized
noise sensitivity and power dissipation . . . worst-case design . . .
operating temperatures to 55°C . . . max. input of 22 collectors and *Micro Alloy Transistor, trade-mark Philco Corp.
diodes . . . repetition rate up to 1 mc.

CBS ELECTRONICS, semiconductor Operations, Lowell, Mass. « A Division of Columbia Broadcasting System, Inc.

Sales Offices: Lowell, Moxs., 900 Chelmsford St., Glenview 4-0446 o Neawark, N. 7., 231 Johnson Ave., TAlbot 4-2450 o Melrose Parl:, TH., 1990 N. Mannheim
Rd., Extebrook 9-2100 ¢ Los Angeles, Calif., 2120 =. Garfield Ave.. RAyvmond 3-9081 « Atlanta, Ca., Cary Chapman & Co.. 600 Trusco Way S.W., PlLuza
N-450C o Minrcapoliz, Minn., The Teimann Co., 1711 Hawthorne Ave.. Flideral 2-3457 o Toronte, Qut.. Canadinn General Electrie Co.. Ltd.. LEnnox 4-6311
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From Monsanto FluiDesign Service...

DIELECTRIC FLUIDS
FOR NEW ELECTRICAL
AND ELECTRONIC
USES

Monsanto can supply you with a
series of dielectric liquids that offer
the optimum combination of proper-
ties for liquid cooling and insulation.
Many of the fluids described below
are now used commercially in capac-
itors, transformers, ‘“miniaturized”
electronic packages, cables, ampli-
fiers, solenoids, thermostats, com-
puters, and circuit breakers.

Examples:

A. In electrical equipment such as
transformers, Monsanto’s askarel-
type fluids offer a series of fire-
resistant dielectrics. These fluids
make a firesafe liquid-fill insulation
for equipment that then may be
located in operating areas without
special precaution or costly shielding.

B. As impregnants for premium-
quality capacitors, high dielectric
Monsanto fluids permit a substantial
decrease in capacitor size—about 50-
60% —compared to oil-impregnated

Dielectric Fluids 05-59 c°°!,°5"°'® c°°4'g"°' A',°{;‘;'® A,';;';'
Properties
Dielectric Strength,

25°C, 60 cps, 0.1. . . . . 44KV 47KV 27KV 35KV 35KV
Dielectric Constant,

25°C, 1000 cps . . . . . 2.46 2.2 4.5 5.4

(106cps) (10¢cps)

Volume Resistivity,

ohm-cm, 25°C . . . . . . 6.7x1013 9x1010 >5x1012 >5x1012
Power Factor, %

1000 cps, 25°C . . . . . 0.006 0.4 <0.1 <0.1

(10¢cps) (10¢cps)

Viscosity, CS

—65°F . . ... 1380 934 2400 8000 0g0

100°F . . . « . « « .. 6.8 6.5 12.2 4.6 6.9

210°F . . . . . . . . . 2.2 2.2 3.95 <18 <1.8
Pour Point,°F . . . . . . . <—85 <—85 <—85 34 —32
Boiling Point, °F

760 mm.Hg . . . . . . >700 >600 >700 527 554
Fire Point, °F

Cleveland Open Cup . . . 435 430 430 349 460
Thermal Conductivity

Btu/hr/ft/f12/°F . . . . . 0.077 0.079 0.080 0.067 0.063
Specific Gravity
@25°/25°C . . . . . . .. 0.88 0.89 0.89 1.18 1.26
Coefficient Thermal

Expansion, per °F 0.00046 0.00047 0.00048 0.00039 0.00040

38

electronics




canacitors. Because their dielectric
‘constants are closer to those from
the capacitor paper itself, they help
achieve a more evenly distributed
dielectric stress than is possible with
mineral oil.

C. Monsanto’s coolant-dielectrics
dissipate heat and operate liquid-
cooled power packs, magnetrons,
traveling wave tubes, klystrons with
precise temperature control. Liquid
cooling with these dielectrics permits
miniaturization of electronic com-
ponents, conserves size and weight.
These special synthetic fluids are

KLYSTRON

COLLECTOR RESERVOIR

HEAT EXCHANGER

i

also lubricants, and the single fluid
can double as the hydraulic-fluid

activator for tuning mechanisms as
well as the coolant for the elec-
tronic unit.

This schematic circuit (at left) shows
how Coolanol 45 liquid cools a
klystron. Pumped around the collec-
tor, Coolanol 45 absorbs surface heat
from the tube wall and carries it
away for dissipation in the heat
exchanger.

Check the fluids shown for applica-
tion in equipment you are using or
developing. Monsanto can supply
you with a dielectric fluid for vir-
tually any electrical or electronic
application, can be most helpful in
guiding you in the early design
stages of equipment that will require
a liquid dielectric.

A sample of the fluids shown will be
sent to you for evaluation on request.
Please specify the particular fluid
that interests you and state the
nature of the application so that
pertinent details can be sent you.
For further information on available
fluids, request a copy of FluiDesign
Service’s FLUID DATA FILE.

- Wbty

”e

A Wegrag,

Simply write on your company
letterhead.

Mansante Chemical Company
Monsa nto Organic Chemicals Division
FluiDesign Service, Dept. 27660

Y

St. Louis 66, Missouri

®

Riaga TE A o Biphenyl HB-40 Santowax® R
35KV 35KV 35KV 35KV 35KV 35KV 35KV
5.8 5.6 5.0 5.0 2.5 2.65 2.58

>5x1012 >5x1012 >5x1012 >5x1012 >1x1012 >5x1013 >1x1013

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
WOl & s o5 | 3
2 20 50 88 156 —-13 293
617 644 689 714 491 683 687

>610 >640 >662 698 255 385 460
0.058 0.057 0.054 0.051 0.076 0.072 0.063
1.38 1.45 1.54 1.62 0.984 1.002 0.955
0.00038 0.00039 0.00037 0.00037 0.00050 0.00041 0.00052
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Radar operator delivers film from AN/UPD-1 radar plane to processing van

SCOUTING BATTLEFIELDS

ANN ARBOR, MICH.—For the last
seven years the Army has been
turning some of the hottest ad-
vances in electronics to the problem
of battlefield surveillance and tar-
get acquisition.

This effort, called Project Michi-
gan, is going on at University of
Michigan’s Willow Run Labora-
tories. Work is contracted for
through the Army Combat Surveil-
lance Agency, a part of the Signal

Corps.
Project Michigan deals with ra-
dar, infrared, acoustics, seismics

and optics. It is a long-range proj-
ect in engineering and the physical
sciences aimed at satisfying Army
requirements in search, detection,
location and tracking; target analy-
sis; information transmisson, proc-
essing, storage and display.

Special attention is given to all-
weather, long-range, high-resolu-
tion sensory and location tech-
niques, and evaluation of systems
and equipment both through simu-
lation and by laboratory and field
experiments.

Armies of the future will be
highly mobile and need rapid tacti-
cal transport and control of sensing
devices. This has led to research
in the navigation and guidance of
aerial platforms.

Collection, transmission, reduc-
tion and collation of sensor data is

40

a problem calling for modern data
processing and display. Within the
laboratories are an IBM 709 digi-
tal computer, Royal-McBee LGP-30
digital computer and large analog
computer.

Eight Army-furnished aircraft
—some of them modified into flying
laboratories by Willow Run Labora-
tories—are used for research in air-
borne radar, infrared, telemetry,
and navigation and guidance.

A high-resolution radar system,
which Army generals and research
scientists have called the most sig-
nificant advance in radar since its
invention, is a product of Project
Michigan. Designated the AN/
UPD-1, it takes detailed radar
photographs from many miles
away. The system is made up of
conventional equipment.

The aircraft carries a radar with
an antenna that looks to the side,
radar signal-storage equipment,
and a doppler-inertial system. A
mobile van contains film-processing
equipment.

The side-looking antenna of the
radar scans a wide strip of terrain
many miles away in a continuous
operation. The returning pulses
are continuously recorded on a sig-
nal-storage film, which constitutes
the input to the ground-based ana-
log computer. Radar signals on the
film are translated into a detailed,

distortion-free strip map upon
which terrain and objects appear as
if mapped from directly overhead,
except for normal radar shadowing
effects. Several strip maps can be
combined to create a mosaic of a
large area.

The AN/UPD-1, unlike conven-
tional radar equipment. gives ex-
tremely fine resolution in azimuth
at all ranges.

According to Willow Run Labora-
tories, range resolution is achieved
by conventional pulsing, but the
physical limitations on the size of
an airborne antenna, and thus the

- limitations on the azimuth resolu-

tion, are overcome by the synthesis
of a side-looking antenna many
times larger than the aircraft. Just
as a camera with a large aperture
requires focussing to obtain a sharp
picture, say the AN/UPD-1s de-
signers, so too does a radar require
focussing to get fine azimuth reso-
lution. In the AN/UPD-1 the radar
is automatically focussed simulta-
neously at all ranges.

A second radar system, desig-
nated the AN/TPD-2, is a 600-
pound portable device designed to
sweep enemy-held territory in a 25-
mile semicircle.

Designed by the Project Michi-
gan staff, this radar operates on
the doppler principle.

The antenna is somewhat larger

electronics



Army C-46 modified to become a flying laboratory for surveillance

Here’s a peek at what goes on
in Army’s Project Michigan.
Shows how radar,

mfrared, acoustics, seismics
and optics all help

keep track of a battle.
Computers, communications

also play vital roles
!

O F T O M O R R O W By WES PERRY 3rcGraw-Hill World News

than those used on orthodox battle-
field radar. This allows use of a
low-frequency scanning signal that
Willow Run Laboratories says has
improved brush and foliage pene-
tration.

Project Michigan is also working
to improve passive infrared de-
tectors and devices to provide sur-
veillance at night as well as by day.
Infrared research includes studies
on detector materials and phenom-
ena, including the use of a single-
crystal of tellurium in a photo-
conductive detector, and reviews of
scanning and imaging methods for
improved resolution and intensity.

Fundamental research programs
are pursued on the basis of their
potential, if not immediate, contri-
bution to combat surveillance and
target acquisition activities. In-
cluded is the basic program in elec-
tron-spin resonance, out of which
came the discovery of the proper-
ties of ruby as a maser material,
with the prospects of devices for
extremely low-noise amplification
of faint microwave signals. A ruby
maser radiometer is now being op-
erated successfully on University of
Michigan’s 85-foot-diameter radio-
telescope. Meanwhile, the Project
is investigating the application of
maser devices for surveillance.

Research has been conducted in
acoustics and seismics because of
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their potential for all-weather, day-
and-night surveillance. Reflectors,
lenses, horns, and phased arrays of
acoustic and seismic detectors have
been studied. Basic studies of wave
propagation and seismic signatures
of signal sources are in process.

In opties and vision, past re-
search under Project Michigan has
centered around battle area illumi-
nation devices and visual aids, such
as night binoculars, to extend the
capability of the human eye in
darkness and bad weather.

A laboratory simulation facility
has Dbeen developed by Project
Michigan to support its research

May of Washington, D. C.,

made by AN/UPD-1 surveillance radar

T oL 9
RS

activities in information processing
the study of system concepts, and
evaluation of concepts and equip-
ment. Data processing equipment
is used to simulate realistic sur-
veillance-oriented tactical situa-
tions and environments. It also
provides a means for scientific ex-
periment and evaluation in many
areas of surveillance prior to the
availability of field equipment and
without the expenses of actual field
operations. Engineering psycholo-
gists at work on the Project use
the laboratory simulation facility
in their study and treatment of
man-machine relationships.
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Transistor-Making

Expands in Brazil

One local firm makes transistors

under U. S. patents,

one Dutch and one U. S. company

are ready to move in.

Four firms make electron tubes for
expanding television set business

By LESLIE WARREN,
MecGraw-Hill World News

RIO DE JANEIRO—DBrazil’s electron
tube and semiconductor industry
is a fast-growing $25-million busi-
ness. Based on the rapidly expand-
ing entertainment field, tube and
semiconductor production has shot
up from practically nothing in 1956
to over 10 million units this year.

So far this output has been used
entirely within Brazil, but produc-
ers are now getting set to crack the
export market, especially other
Latin American countries. Lower-
cost labor that can be readily
trained plus the protectionist effect
of Brazil’'s foreign-exchange regu-
lations help promote local electron-
ics manufacturing. The trend in
imports, chiefly from the U.S.,
Netherlands and Japan, is down and
probably will continue so, offset
only partially by rising imports of
manufacturing equipment.

Today four companies, all foreign
based, manufacture electron tubes.
The semiconductor producer is a
Brazilian firm manufacturing to a
U. S. patent, but two foreign-based
manufacturers are getting ready to
enter Brazil.

Tube manufacturers are RCA
Victor S. A., S. A. Philips do Brasil,
Sylvania and Standard Electrica,
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Assembling transistors at Elnabra S. A, in Sao Paulo

the latter confining production to
power and tv picture tubes. Brazil’s
transistor and germanium diode
manufacturer is Elnabra S. A.
(Electronica Nacional Brasileira)
in Sao Paulo. Elnabra’s present out-
put of 35,000 transistors a month
will go to 100,000 by the end of the
year. Philips and Philco are both
about to start semiconductor manu-
facture in Brazil.

Elnabra closed a patent agree-
ment with Raytheon in 1959 where-
by the U.S. firm .receives a 5-
percent royalty, with an option to
capital participation.

Two-year old Elnabra got into
semiconductor manufacturing by
first assemblying Raytheon-sup-
plied parts; the firm now does alloy-
ing to make the collector and emit-
ter junctions of the germanium
crystal. Future plans include im-
porting crystal-growing equipment.
After this, it may become practical,
company spokesmen say, to export
transistors to the U. S.

Elnabra also makes ceramic ca-

pacitors, power transformers,
transistor radios and electronic test
equipment.

Standard Electrica S. A., wholly
owned subsidiary of ITT, makes
communications equipment for Bra-
zil’s telephone and radio industry,
produces radios, tv sets and phono-

graphs as well as tubes. The com-
pany has been making power tubes
since 1945. Output is some 7,500 a
year. Tube sizes range from 100
watts up to 60 Kw. Standard Elec-
trica also makes picture tv tubes
up to 21-inch at the rate of 6,000 a
year for use in its own sets. About
50 percent of picture-tube parts are
imported from the U.S.

Depending on size, from 15 per-
cent to 85 percent of Standard’s
transmitting tubes are of local
manufacture. A higher percentage
of larger-size tubes is imported.
Imports of tube parts consist
chiefly of platinum, tungsten fila-
ments, molybdenum, oxygen-free
copper, plate nickel and the largest-
size glass bulbs. The company has
1,800 workers at its new $1-million
250,000-sqm plant in Rio. Output
can be expanded nearly one third.
Company spokesmen say their
power-tube and mercury-rectifier
business has been expanding at an
annual rate of 10 percent.

Sales of receiving tubes are up,
spurred by a rapid growth in Bra-
zil’s television industry. Fifteen tv
stations are on the air with more
coming.

RCA Victor’'s Brazilian sub-
sidiary now makes 150,000 receiv-
ing tubes a month, will step this up
to 200,000 by year-end. The com-

electronics



pany imports filaments, plates, part
of the cathodes for receiving and tv l

picture tubes. but makes its own
glass and all other parts. Mica
spacers are exported to the U. S.

RCA Victor’s line includes beam
power tubes, rectifiers, double
diodes and triodes. double-diode tri-
odes, pentodes and triode pentodes.
Output from the plant in Belo Hori-
zonte goes to other setmakers.
RCA has abandoned local set manu-
facturing.

S. A. Philips do Brasil. the Dutch
Philip’s Brazilian subsidiarv. makes
a full line of receiving and tv pic-
ture tubes up to 2I-inch through
its two related Sao Paulo firms,
IBRAPE (Industria Brasileira de
Productos Eletronicos) and RAD-
ELSA (Radio e Electricidade S.A.)
While getting ready to manufacture
semiconductors locally. Philips has
dropped prices on some types of im-
ported transistors from approxi-
mately $1.20 a unit to 80 cents.
This encourages local production of
transistor radios by helping manu-
facturers meet competition from
imported Japanese models, will in
turn broaden the market for made-
in-Brazil transistors.

Brazilian customs authorities
have found it extremely difficult to
control illegal import of low-priced
Japanese transistor sets.
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EYE TEST
FOR RADAR

B&L optical-electronic-mechanical capabilities

assure accuracy in missile tracking system

The strength of our missile defense program depends
in part on extreme accuracy of radar tracking.

Bausch & Lomb has developed a camera lens

for boresighting a radar antenna—in essence, this lens
checks the performance of radar just as one’s

vision is checked in an eye examination.

Accuracy of this lens system easily meets the most
extreme requirements.

The same skills that made possible this missile track
radar camera lens are available to assist on your project.
Write us for full details. Bausch & Lomb Incorporated,
Military Products Division, 61411 Bausch St.,

Rochester 2, N. Y.

BAUSCH & LOMB

SINCE W 1853
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" Raytheon Transformer Talk

COLLOIDAL SILICA SOL

impregnation and/or foam-
— potting with hollow cera-
mic spheres.

VOLATILES REMOVED by
degassing in high vacuum
at high temperature.

GLASS FIBER INSULATION,
mica or aluminum winding
forms, heat cleaned to remove
organic residues.

BLACK OXIDE FiNISH on in-
terior and exterior surfaces
of case for better heat
transfer.

P

CONTROLLED
ATMOSPHERE
inside hermeti-
cally seated en-
closure.

HELIARC WELD
sealing inspect-
ed by helium
mass-spectro-
meter leak de-
tector.

STAINLESS-STEEL con-
PURE SILVER or chro- struction of case and struc-
mium-plated copper tural members for minimum
wire insulated with a weight.
glass fiber or ceramic
coating.

ALUMINA TERMINALS pro-
tected against oxidation by
special plating process.

WITHSTANDING DULL-RED HEAT
CONDITIONS is one of the require-

ments for the new transformers now R
being developed at Raytheon. The nine [Saeas e Nl
construction features that make this pos- P F s
sible are indicated above. X ‘ YTT
WRITE FOR 16-PAGE BOOKLET on 3 %
Raytheon transformers or for specific help . w@“

on your particular requirements.
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New Raytheon
transformer will

resist nose cone
temperatures —

to 1,100° F

~d

Raytheon is now building trans-
formers capable of withstanding
temperatures such as those en-
countered in a re-entering missile’s
red-hot nose cone.

The unit pictured at left resists
temperatures up to 1,100°F which
is 700 dcgrees higher than units
presently in use. The goal for units
now under construction at Ray-
theon is a minimum operation time
of 2,000 hours with an internal
temperature 200 degrees above the
ambient of 900 degrees.

To accomplish this, Raytheon has
developed new construction tech-
niques and high-temperature re-
sisting wire and insulating
materials.

For further information on high-
temperature transformers please
write, stating your specific require-
ments, to the address below.
RAYTHEON COMPANY

Magnetics Operations

Microwave & Power Tube Division
Foundry Avehue

Waltham 54, Massachusetts

In Canada, contact Raytheon Canada Limited,
Waterloo, Ontario

Excellence
in Electronics



New Rule Spurs Microwave Market

BUSINESS MICROWAVE bids fair to
become a new commercial field for
our industry following last month’s
FCC decision to make a number of
slots in the microwave band avail-
able to private users.

A check this week by ELECTRON-
ICS shows microwave manufactur-
ers believe the new market opened
by the Commission will not explode
into big sales volumes immediately,
but rather will climb slowly as busi-
ness microwave becomes a stable
sales item.

Some manufacturers plan to ap-
proach this new market cautiously.
They do not want to jeopardize
their relationships with the com-
mon carriers who are now their
best customers for microwave gear.
The vice president of sales of a
major eastern manufacturer told
ELECTRONICS, “We'll have to put
the two potential business volumes
on a balance and see whether pri-
vate users or common carriers will
weigh most.”

There are now some 3,000 private
microwave stations according to
Electronics Industry Association
figures. By 1976, EIA predicts
there will be about six times this
number, representing close to $1
billion in equipment.

Some companies are reluctant to
comment on their plans to exploit
the market, others say they have
been anticipating the FCC move,
are now almost ready in sales and
manufacturing.

Motorola is planning to market
its model MR-40 microwave system
made for the 12-gigacycle region.
Sales efforts will be conducted
through the company’s present
sales network.

Plans to enter the market for
business microwave are underway
at General Electric according to a
company spokesman. Additional
personnel will be used to carry out
these plans.

Raytheon’s marketing manager
for communications and data-proc-
essing equipment estimates the
market for private microwave gear
will grow from two to five times its
present size within ten years now
that restrictions have been relaxed.

Also keeping close tabs on devel-
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Digest of New Microware Rulings as Spelled Out by FCC

(1) Microwave frequency bands 952-960 Me, 1,850-1,990 Me, 2,110-2,200
Me, 2,450-2,500 Me, 2,500-2,700 Me. 6,425-6,575 Me, 6,575-6,875 Me, 8,400-
8,500 Mec, 10,550-10,700 Mc, 11,700-12,200 Mec, 12,200-12,700 Me, 13,200-
13,250 Me, 16,000-18,000 Me, and 26,000-30,000 Mc are assignable to
private users on the same eligibility basis as is now provided for mobile
operations in the Safety and Special Radio Services.

(2) Nomavailability of common-carrier facilities is not a condition of
eligibility for private usage of these microwave frequencies.

(8) Frequencics above 10,000 Mc only will be available for use in the
Business Radio Service, except that the frequency band 952-960 Me will
be available for control-repeater operations in this Service and that the
band 6,575-6,875 Mc will be available in this Service for intercity closed-
cireuit educational television, on a case-by-case basis when, apart from
cconomic considerations, it is not feasible to use frequencies above 10,000

opments is Collins Radio Co. A
spokesman for the Cedar Rapids,
Ia., firm says one growth area that
may develop to important status is
data transmission by private micro-
wave. The company is stocking
basic units.

Some manufacturers see addi-
tional sales possibilities for micro-
wave components. Philco sees an
important growth area in micro-
wave for data processing relaying
and counts on leasing equipment to
stimulate market growth.

As a general industry pattern,
manufacturers will build up modest
inventories of microwave gear that
will be held ready for installation
of frequency-sensitive elements as
orders are received.

One aspect in selling pointed out
by company sales officials is the
playing off of private systems
against common carriers. “I won’t
be too surprised,” said one sales
manager, “if we find ourselves pre-
paring complete layouts and pro-
posals for a private installation and
then find that the prospect will go
to the common carrier and ask if
they can meet or better the price we
give.”

When the decision was being
hammered out before the Commis-
sion, general manufacturers were
represented by the National Asso-
ciation of Manufacturers. NAM
urged the Commission to set aside
rulings that limited microwave
ownership to common carriers,
pipeline operators and railroads.

Also urging a change was the Spe-
cial Industrial Radio Services As-
sociation.

This group represents radio users
in construction, mining and agri-
culture.

Support for letting down the bars
came from the American Trucking
Association, which sees microwave
as the answer to linking cross-con-
tinent installations. Also testifying
were the National Retail Dry Goods
Association and the American
Newspaper Publishers Association.

None of the above groups were
eligible to use private microwave
systems prior to last month’s rule-
making. However, support also
came from groups that were al-
ready eligible to own their own
microwave gear. Included were the
National Committee for Utilities
Radio, which represents the com-
munications interests of public
utilities companies; Petroleum Ra-
dio Services, whose pipeline operat-
ing members run a number of sys-
tems; and American Association of
State Highway Officials. The
American Bridge, Tunnel and Turn-
pike Association also gave its sup-
port to the change.

A member of FCC’s legal staff
told ELECTRONICS that no great
difficulties are feared in the matter
of interference. The main legal
work in business microwave, ac-
cording to the attorney will be
formulating the fine points of the
new program, which are now ex-
pressed in broad, general terms.
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Measuring cerebral blood flow using radio-isotope techni-
que developed at Veterans Administration Center.

Analytic Methods Highlight Biomedical Show

By WILLIAM E. BUSHOR,

Associate Editor

WASHINGTON, D. C.—Research and
analytical tools were the primary
subjects of discussion at 13th An-
nual Conference on Electrical Tech-
niques in Medicine and Biology
held here recently. Special empha-
sis was given two comparatively
new biomedical tools—computers,
and nuclear magnetic resonance
(NMR) and electron paramagnetic
resonance (EPR) spectrometers.
Also stressed were the better estab-
lished areas of instrumentation,
radiation studies and telemetry.
Use of NMR instruments to
determine moisture and fat content
of biological specimens, relaxation
times of biological fluids. and chem-
ical structures of biological ma-
terials was described by R. S. Cod-

rington of Schlumberger Corp.
He also indicated that double-
resonance techniques in which

both NMR and EPR are used could
have application in analyzing com-
plex molecules. In cases where the
nucleus is in association with a
free electron, an enhancement of
the NMR signal of 660 times can
be obtained.

Latest results of EPR investiga-
tion of biological and biochemical
areas were discussed by B. Com-
moner of Washington University
(see ELECTRONICS, p 86, July 29).
Study of free radicals (molecules
containing one or more unpaired
electrons exhibiting magnetic
effects) occurring in intermediate
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stages of a process have provided
a new description of the chemical
steps involved in enzyme-catalyzed
oxidation of succinic acid. Also,
free-radical concentration associ-
ated with physiological and disease
conditions of tissue was noted. Tis-
sue from obstructed bile ducts in
the liver causing a form of jaundice
shows a marked increase in free-
radical content and is thus detect-
able by an EPR spectrometer.

Several papers treated the ability
of digital computers to reduce and
analyze voluminous statistical in-
formation, synthesize biological
models, analyze results of labora-
tory experiments, store and retrieve
clinical and medical information,
and perform routine calculations
using the laws of physical science
as applied to biological investiga-
tions. Also, pattern recognition and
other analytical techniques in elec-
trocardiography, electroencephalo-
graphy and semiautomatic diag-
noses were discussed. Analog and
digital simulation of life processes
received much attention.

A new organization, dubbed BIO,
was announced for biomedical
people who use or plan to use digi-
tal computers as tools. Greater ex-
change of information on computer
applications and capabilities, and
stimulation of use of computers in
biomedical research are stated goals
of the group.

Biomechanical  properties  of
joints were discussed by R. J. Johns
and V. Wright of Johns Hopkins
University. Their work in measur-

Balloon-borne cosmic-radiation telemetry gear of USAF’s
Aeromedical Field Lab is checked prior to launch.

ing stiffness of a finger joint by
means of strain gages attached to
a special device for moving the
finger. and an amplifier-oscilloscope
combination to view the waveform
produced by controlled movement
of the digit was reported. Qualitive
analvsis unexpectedly revealed that,
in diseased as well as normal joints,
elastic and plastic stiffness were
dominant, while contribution of
viscous and frictional stiffness was
relatively minor.

A high-power corona-type loud-
speaker was described in a paper by
E. Ackerman of Mayo Clinic and
A. Anthony and F. Oda of Pennsyl-
vania State University. The device
produces high-intensity white noise
in a 2-to-40-Kc region for studying
stress effect of intense noise ex-
posure on rodents. Sound is radi-
ated directly from an a-f modulated
r-f corona discharge at the apex
of an air-filled glass horn. Experi-
ments revealed that the thermal
effect transmits periodic energy
which produces a pressure change
in the ambient air, creating sound.

Main components of the loud-
speaker are shown in the drawing.
A self-excited 28-Mc oscillator hav-
ing 1.3-Kw output modulated by a
700-w modulator supplies the power.
Water cooling is necessary to pre-
vent melting of the glass by heat
generated at the electrode tip. Ex-
posed to high-frequency noise (2-to-
40-Kc at 135db) causes exaggerated
adrenal activity in mice compared
to low-frequency noise (150 to 4,800
cps at 139 db), and an increased

electronics



your
invisible
employee . ..

He’s not on your payroll . . . he takes up no desk space in your office . . . and he
doesn't hang around the water-cooler talking to your secretaries. But this man works
for you — and for every other advertiser.

What does he do? He helps to safeguard your advertising investments in print media
— by providing audited circulation facts and figures on 2,900 publication members
of the Audit Bureau of Circulations*. Assuring an accurate accounting, he tells you

how many pcople purchased the publication . . . where they live . . . how much they
paid . . . and the answers to many other questions about the publications and your
markets.

He gives you factual marketing information as the basis for your advertising invest-
ments. He walks into every ABC-member publication’s office and audits its circula-
tion — just as carefully and as objectively as a financial auditor might check your books.

When he is finished, the guesswork is gone! He gives you facts — no opinions, pleas-
ant statistics, maybe projections, or fancy figures — just plain old fashioned circula-
tion facts.

Who is he?

He is the ABC auditor — and he works for you”

electronics

A McGRAW-HILL PUBLICATION « 330 W. 42nd ST. « NEW YORK 36, N. Y.

* Through the reports issued by the Audit Bureau of Circulations, this publication, along with other pub-
lisher members of ABC, voluntarily and regularly give the buyers of advertising more verified factual
information than is available for any other media at any time.
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Bendix vertical and directional gyros contribute to accurocy and
dependability of guidance system on United States Air Force (Green)
Quail air-launched decoy missile manufactured by McDonnell Aircraft.

LIGHTWEIGHT, RELIABLE GYROS
TO MEET TODAY'S RUGGED NEEDS

THE BENDIX LINE FEATURES SIX GYRO TYPES

DIRECTIONAL

VERTICAL RATE

¥

FREE—CAGEABLE

TWO-GYRO, THREE AXIS FREE—~UNCAGEABLE

o Electrolytic switches for precise erection and long service life.
e Operating life of 1000 hours.
e The Two-Gyro Three Axis Control erection rate is 1.3°/min. Other gyros
shown have normal erection rate of 2° /min. with fast erection up to 120°/min,
o Either flexible or hard mounting.

For full details on Bendix Gyros for specific applications, write . ..

Eclipse-Pioneer Division .-

Teterboro, N. J.

LORIORATION

District Offices: Burbank, and San froncisco, Calif.; Seattle, Wash.; Dayton, Ohio; and Washingtan, D, C,
Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y.
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severity of abnormal behavioral re-
actions.

Experiments using radioisotopes
injected intravenously and detected
by a dual crystal-scintillation de-
tection system to measure cerebral
blood flow were described by W. H.
Oldendorf of the Veterans Adminis-
tration Center. It has been shown
that although blood arriving at each
hemisphere of the brain is approxi-
mately equal. the blood drains from
the brain asymmetrically. Tests of
30 normal patients indicated that in
most people the majority of the

WATER INLET
= W =5
PLATINUM
ELECTRODE

TiP

“~CORONA
OUTER CHAMBER
SILVER

COATING

VYCOR
GLASS
HOUSING
Design  of 1.3-Kw  corona  loud-
speaker for generating high-inten-
sity, 2-to-40-Ke noise

blood drains from the traverse
sinus and out the right jugular
vein. Some patients exhibited equal
drainage, but none had majority
drainage from the left side.

New instrumentation for measur-
ing primary cosmic particles of low
energy as well as the flux of elec-
trons. protons. neutrons, alpha
particles and gamma radiation
found at high altitudes was de-
seribed by Major Corkhill of the
USAF Aeromedical Field Labora-
torv. A low- and high-energy
counter together with associated
photomultiplier, preamplifier, pulse-
height analvzer, analog-to-digital
converter and telemetry gear make
up the system. This counting sys-
tem can, on a real-time basis, de-
tect. analyze and telemeter cosmic-
particle data to receiving stations
on earth, where biologically damag-
ing radiation can be detected, ana-
lvzed and integrated into a dose
rate. Also, total quantity of ioniz-
ing radiation space travelers might
receive could be read.

electronics



Where Two-Color Tv Stands

It’s remaining on the technological sidelines,
according to report at E1A’s Radio Fall Meeting

By GEORGE J. FLYNN

Associate Editor

SYRACUSE, N. Y.—For all practical
purposes, two-color tv this week re-
mains on the technological side-
lines, where it was placed by a spe-
cial subcommittee of EIA last
December.

At the Radio Fall Meeting, held
here recently, C. J. Hirsch, chair-
man of the subcommittee, reviewed
the experimental and theoretical
work in the area and explained why
no recommendation was made for
changes in the FCC color tv signal.

First, the picture produced by
using only two colors is not as
faithful a reproduction of the scene
as is obtained with three colors, he
said.

Second, he pointed out, a two-
color tv receiver is not substantially
cheaper than a three-color set.

Third, the FCC signal contains
all the information necessary for
monochrome, two-color and three-
color reception, he said, and set
manufacturers thus have the option
of using any of the systems.

Those interested in testing two-
color reception can do so by tying
together two of the color guns of a
standard three-color set. Engineers
making the experiment report that
viewers develop a growing distaste
for the resulting picture. (Note:
Methods of connecting the guns to-
gether will vary between the differ-
ent types of sets.)

Other subjects of interest at the
annual meeting, which is a major
affair for those in entertainment
electronics, included:

Stereo for tv and compatible
stereo for a-m broadcasting, semi-
conductors for consumer products,
multi-function receiver tubes and
component reliability.

The 10-pin miniature tubes by
Sylvania and the 12-pin Com-
pactrons by GE are two approaches
to cramming more circuit functions
into the same envelope.

By adding one pin at the center
of the standard 9-pin socket, double
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tetrodes, dual pentodes, triple tri-
odes and other combinations are
possible.

The 10-pin tube makes possible a
3-tube radio that is equivalent to
the standard 5-tube unit; a black
and white tv tube complement can
be reduced from 17 to 13.

Larger envelope diameter, place-
ment of the sealing nipple at the
bottom, and a 12-pin connecting cir-
cle are features of the Compactron.
Relocation of the exhaust nipple al-
lows a height saving of 5 inch but
envelope diameter has been in-
creased to 1% inch.

An advantage of the larger bulb
is a general decrease in glass tem-
perature when the new package is
compared with the hottest of the
tubes being replaced.

A 6GHS, for example, operates at
a bulb temperature of 177 C and a
6AL5 at 50 C; when combined in
the new package, bulb temperature
is 137 C. From the examples pre-
sented in the paper, temperature
trade-off or averaging appears
usual.

Both the 10- and 12-pin types re-
quire fewer internal welds and
fewer external connections; set
manufacturing costs with the new
designs are expected Lo be lowered,
both in component cost and labor.

For the most part, the multi-
function tubes will be particularly
suited to the relatively easy circuits
in radio and tv, while the problem
sockets, such as the horizontal and
vertical amplifiers, will still use sin-
gle-function tubes.

Transistors, until now generally
on the sidelines because of cost, are
being carefully considered for home
television. Several portable tv's
have recently been announced but
delivery will probably take several
months,

An investigation into high fre-
quency noise and gain figures of r-f
transistors showed that these fac-
tors do not change independently of
the static characteristics such as
I, thus assuring satisfactory cir-
cuit operation during the usual life

CAM COMPENSATOR

Efficient compensating device for
servo system error.

The type CP-20-A1 is a simple, entirely
mechanical means of correcting an out-
put data shaft in relation to either
servo loop errors, sensing errors, or
known environmental factors affecting
the system. Eliminates need for adjust-
ing remotely placed or inaccessible
units, Ask for full details.

CONTROL
TRANSFORMER

Changes mechanical differential
inputs to electrical outputs.

Here is a corrosion-resistant unit that
features a rotatable housing construc-
tion along with a standard synchro
mounting. Because housing, as well as
shaft, can be rotated, an additional
output can be introduced into control
system circuitry. Stator housing assem-
bly is driven by a gear accessible
through a slot in the housing, thus
translating mechanical differential in-
Jputs into electrical outputs.

Manufacturers of

GYROS + ROTATING COMPONENTS
RADAR DEVICES « INSTRUMENTATION
PACKAGED COMPONENTS

Eclipse-Pioneer Division

Teterboro, N, J.
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“The light touch . . .
in automation and control”

...the
CLAIREX
Photoconductor

Hustrated; an
extremely sensi-
tive cadmium
selenide type
from the 2 watt
500 series.

A

Circuit
Component
Controlled by
LIGHT

For tobulated technicol
dota on 25 different
Clairex Photoconductors
consult your new

* IRE Directory

* Electronic Buyers
Gui

* Elactronic Design
Caotalog

* Radio Electronic
Maester

CLAIREX

CORPORATION

19 W. 26 St., New York 10, N. Y,

MU 4-0940
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of the transistor, and giving a sim-
ple check of component perform-
ance. :

A proposed stereo system for tv
was presented by Robert B. Dome
of GE. The system transmits a Left
plus Right audio signal from 50 cps
to 15 Kc¢; L — R is transmitted by
double sideband about a suppressed
carrier of 23.625 Kc; an extra pilot
signal is also transmitted.

Frequency of the pilot signal is
chosen as 39.375 Kc since this fre-
quency can be generated easily at

Gear to Simulate

GRUMMAN AIRCRAFT, under contract
with the National Aeronautics and
Space Administration, is engaged
this week in the development of a
method for imposing unusually
high electrical charges on micron-
size particles. The ultimate plan is
to accelerate such particles electri-
cally to velocities far in excess of
those obtainable by any existing
laboratory technique.

Charging will be accomplished by
embedding protons in the volume
of each particle through the use of
a high-current, low-voltage proton
beam. An important innovation in
this work has been the development
of a method for automatically con-
fining the particles to the beam area
during the charging period and
subsequently extracting them from
the beam.

The construction of a prototype
charging system, which was started
in May 1960, has been completed
and the equipment is now in the ini-
tial phase of laboratory study in the
Nuclear Research Laboratory at
Grumman’s Bethpage, Long Island
plant. The design of the system was
the result of a joint effort between
Grumman and Radiation Dynamics
Inc. The system was built by RDI.

The degree of charging attain-
able with this apparatus should be
much higher than that attainable
with ordinary surface-charging de-
vices, being limited essentially only
by the cohesive strength of the par-
ticle material, Grumman says. Al-
though tungsten will be used as a
convenient particle material in ini-

the transmitter and can be used at
the receiver in combination with
the available 15.75 Kc sweep signal
to produce the 23.625 Kc suppressed
carrier.

The choice of frequencies leads to
a single tube de-multiplexer circuit
at the receiver and in addition
avoids ambiguity as to which signal
is L or R.

Stereo effect is produced up to
about 8 Kc; beyond this to audio
cutoff both speakers have the same
output.

Micrometeorites

tial experiments, the use of iron,
nickel and ceramic materials will be
investigated in subsequent work.

The prototype charging appa-
ratus was built under Grumman
sponsorship, and will remain the
property of the Grumman Co. The
company will use the device for re-
search on hypervelocity impact phe-
nomena.

It is expected that such research
will lead to more reliable estimates
of the effects of micrometeorite im-
pact on space vehicles.

More generally, detailed metallo-
graphic studies and measurements
of crater formation in target mate-
rials are expected to yield signifi-
cant data in the field of hyperve-
locity ballistics and penetration.

Satellite Tube

-— ‘\ N
=\

Traveling-wave tube for Bell Sys-
tem’s satellite relay station ampli-
fies signals as much as 10,000 times

electronics



ALLIED CONTROL'’S

NEW LINE OF

Sub-Miniature

Telephone Type Relays

Now being manufactured entirely in the U.S.A., not only in its original
West German design previously sold in this country by Allied Control
Company, Inc. under an agreement with Siemens & Halske Company A.G.
Germany but with variations to meet American requirements as well.

TYPE-T-134
H-13/16 @ W-47/64 @ 1.1 11/64

TYPE-TAHG
H-23/16 @ W-17/16 @ L-15/8

TYPE-TAH TYPE-TADO

. wW. / -
H-119/32 @ W-61/64 @ L-111/32 He2 @ W-113/32 @ L-113/32

@ ALLIED C

ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, NEW YORK
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PERFORMANCE CHARACTERISTICS

Contact Arrangement

Up to 12 springs maximum form A, B or C
Contact Rating

2 amperes resistive or 1 ampere inductive
at 29 volts d-c or 115 volts a-c

Low level or 5 ampere contacts available
on request

Standard Coil Voltages

Suitable coil resistances can be supplied
for operation at any voltage within the
range of 0.5 to 130 volts d-c

Coil Power

Nominal: 700 milliwatts

Minimum Operate Power: 125 to 300 milliwatts
depending on application, contact arrange-
ment and coil resistance.

Timing at Nominal Voltage
Operate time: 15 milliseconds maximum
Release time: 5.0 milliseconds maximum
Vibration

10-55 cps at .062 inch double amplitude
55-500 cps at a constant 10g

Shock: 25g operational

Enclusure

Open, uust cover or hermetically sealed
Weight

Open type 1.0 ounce maximum

Sealed type 2.0 ounces maximum

NTROL
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\ Specialists in

precision displays

Deflection yokes for difficult character displays and high resolution problems
are another achievement in advanced design and engineering at Celco..

Celco Deflection Yokes permit rapid presentation of random character and
alpha numeric displays. Low hysteresis, high accuracy and fast Recovery time
with emphasis on spot approach to absolute zero, assures highest performance of
magnetic deflection character displays.

Celco High Sensitivity Yokes minimize the deflecting currents required from
the deflection drivers, resulting in high efficiency for your system.

For best utilization of the New High Resolution CRT's CELCO YOKES assure
minimum defocusing at large deflections.

The construction of our yokes makes it possible to achieve sensitivities,
linearities, responses and distortion-free deflecting fields not possible with the
usual types of yoke.

Single units or production quantities immediately available in wide range of inductance - resistance »
Recovery time - pin cushion corrected or optimum focus as required. Also available 2-¥%” and 2-Y2”
neck CRT yokes.

4 [
\ 4 A !
= o) e Y
TYPE BY TYPE AY TYPE RY TYPE CF TYPE MY
Transistorized encapsulat- Push-pull or single ended Rotating deflection yokes Electromagnetic focusing Miniature light weight

ed yokes for 70° 7/8” yokes for 52°, 70° and for PPl displays. Gears, coil for 7/8”, 1” and deflection yoke coils or

neck CRT and 1”7 neck 90° deflections for 1-7/16” bearings, slip rings and 1-7/16” neck CRT. assemblies for incorpora-
image storage tubes. neck CRT. contact assembly in- tion into customer hous-
cluded. ings.

ATy
- !
\J p
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'l : AT DR,
TYPE DP TYPE PI TYPE ER TYPE MS

Duai purpose yoke custom
designed. Deflection sys-
tem plus axial off-center-
ing coils.

Special high sensitivity
deflection yoke with crit-
ical damping provisions.

<

Plug in type encapsulated
deflection yoke for rapid
insertion.

Encapsulated rotating, 4
axis ship ring precision
deflectiom yoke.

Write for CELCO DEFLECTION YOKE Catalogue & Design Sheets or for
assistance Call your nearest CELCO, Plant listed below.

Constantine Engincening Latbornatonies Company

Main Plant: MAHWAH, N. J. DAvis 7-1123

e Pacific Division - Cucamonga, Calif. - YUkon 2-2688

Miniature deflection yoke
for rotating or fixed coil
radar system.



European Setmakers Expect Rising Sales

REPORTS FROM the continent and
Britain stress a bullish outlook on
the part of radio-tv setmakers.

In Paris, spokesmen for the
French electronics industry voiced
the expectation that 1960 would
wind up 12 to 15 percent ahead of
1959. Last vear saw the production
of 1.8 million radios and half a mil-
lion tv sets.

Sales of consumer electronics in
1959 totaled $212 million, with
transistor radios accounting for
more than half of all radio sales.
Tv set prices this year are slightly
higher than last: some 17-in. sets
are listed at $200, with many manu-
facturers posting retail prices of
$250; 21-in. sets run about $325.
Discounts are the exception rather
than the rule.

German setmaker Metz Appara-
tefabrik expects booming export
orders to raise its sales figure. Last
year, the company's sales were
$11.9-million, of which roughly 30
percent was exports.

British Radio Equipment Manu-
facturers Association reports that
radio sets are in greater demand in
Britain than tv sets. July deliveries
of tv sets were 40 percent below the
figure for July 1959, and first-half
sales are down 31 percent. Deliv-
eries of radio sets are up about 22

percent for both July and the first
half of the year. The association
feels that the credit squeeze is in
part responsible for the slump in tv
purchases, while transistor port-
ables are sparking radio sales.

Electronic Instruments
Study Fish and Fowl

SCIENTISTS at Northwestern Univer-
sity in Evanston, Ill., are using
electronics to determine the hom-
ing habits of birds. Each feathered
subject in current experiments can
choose any of eight cages arranged
in a circle. An amplifier and coun-
ter for each cage determines the
amount of time a bird spends in
each cage. Up to the last reading,
the birds seem to prefer cages with
southern exposure.

Meanwhile, at Marineland of the
Pacific near Los Angeles, the Navy
is using highly sophisticated elec-
tronic instrumentation to study
porpoises. Navy not only wants to
know where the underwater mam-
mals get their special sensing
ability and how they can move so
rapidly under the water, but is
also trying to determine how smart
they actually are.

Russia’s Largest Synchrotron

Soviet engineer i3 shown at control panel of 10-Bev synchrotron in Moscow.

Total of 36,000 tons of steel went into magnets for device
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TEST INSTRUMENTS

for ELECTRICAL EQUIPMENT

Laboratory
Production

Maintenance

Voltage Breakdown Tests

Bench HYPOT® Test Sets, a-c and d-¢
models, have outputs ta 30 kv. Sep-
arate 4%2” meters for test voltage
and leakage current. Wide selection
of models.

Model 424 Bench HYPOT® provides
0-5000 v d-c. For testing cables, con-
densers, coils, transformers, motors,
and assemblies. Measures leakage
current from 0.1 microampere to 100
microamperes over four scale ranges.
Rapid testing of capacitors with out-
put of 5 milliamperes under short
circuit. Operates from 110-120 v
50/60 c outlet with long-life selenium
high voltage supply.

Net complete. . ......... $497.50

® Insulation Materials Tester

Dielectric strength determined to lab-
oratory precision. Interchangeable
test fixtures for varnishes, porcelain,
tape, acetate sheet, films, tubing and
cloth. Write for Bulletin, Model 4501
HYPOT® Materials Tester.

@ Insulating Oils Tester

New portable design, only 42 |bs.,
for testing insulating oils at point of
application as weli as in the labora-
tory. Test potential variable from 0
to 35 kv, with 2 kva rating. Write for
bulletin Model 4505 HYPOT® Oil
Tester.
® Measure Resistance to

FIVE MILLION MEGOHMS
VIBROTEST® megohmmeters provide
direct reading measurements to FIVE
million megohms and higher with
electronic power supply that elimi-
nates tedious cranking. Write for bul-
letin “‘VIBROTEST'",

® Test Electrical Grounds
VIBROGROUND® measures resist-
ance to ground of electronic, tele-
phone, and power equipment. Direct
reading. Operates from self-con-
tained battery. Write for Bulletin
““VIBROGROUND"'®

® Special Instruments
A. R. 1. engineers have developed
instrumentation to meet many spe-
cialized research, development, and
production applications. Your inquiry
for special equipmen’ will receive
prompt attention

Complete Catalog

Write today!
10-35.19

3781 W. Belmont Ave., Chicago 18, Ill.
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JENNINGS VACUUM CAPACITORS (IR EEIiotty
3 G =3 . ’

: — Nov. 20-21: Electro-Optical & Ra-
diation Devices, PGED of IRE,
AIEE; Stanford Research Inst.,
Menlo Park, Calif.

)
i "

Nov. 28-29: National Association
of Broadcasters, Fall Conference;
Biltmore Hotel, New York City.

Nov. 29-30: Science and Engineer-
ing Symposium, Air Research
and  Development  Command
Statler-Hilton Hotel, Boston.

Nov. 30-Dec. 2: Electronics Exposi-
tion, Long Island Electronics
Manufacturers Council; Roose-
velt Raceway Exhibit Hall, West-
bury, Long Island, N. Y.

Dec. 1-2: Vehicular Communica-

... speaking of capacitors= i Sl o .
|  NOTICE HOW LITTLE SPACE o
| HIGH VOLTAGE VACUUM O ainionance, ErAY Hiltan Ho
N CAPACITORS OCCUPY! tel, San Antonio, Tex.

Dec. 5-8: Electrical Insulation, Na-
tional Conf., AIEE, NEMA ; Con-
Which is one of the reasons why Technical rad Hilton Hotel, Chicago.
Materiel Corp. engineers are using 8 different
types of vacuum capacitors in this new GPT-10K
10,000 watt SSB transmitter with complete band
switching through its frequency range of 2 to 28
megacycles. Inductive losses are very low
because the vacuum dielectric and concentric
construction permits a maximum amount of
capacitance at high voltage to be packed into an
extremely small physical space. Vacuum capacitors

also contribute to the superior performance
of the transmitter through their extremely high |

Dec. 8: Man’s Environment in
Outer Space, Institute of En-
vironmental Sciences; Henry
Hudson Hotel, New York City.

Dec. 11-15: American Nuciear So-
ciety, Winter Meeting, ANS,
AIF; Mark Hopkins Hotel, San

Type UCSXE | Franeisco.

15-1200 mmfd
15 kv, 45 amps rms

ratio of capacitance change that makes possible

a wide frequency range. Other advantages

include all copper construction for high current
ratings, and plates safely protected against con-
tamination throughout their life by the vacuum seal.

Dec. 12-14: USA National Commit-
tee, URSI, Fall Meeting, National
Bureau of Standards; Boulder,
Colo.

Type UCSF
12-500 mmfd
15 kv, 45 amps rms

Type UCSL
5.750 mm#fd, 7-1000

5 kv, 42 amps rms Dec. 13-15: Eastern Joint Computer

d-»i Conf., PGEC of IRE, AIEE,

Vacuum capacitors are useful in all sections

of high powered transmitters, dielectric heating f
equipment, antenna phasing equipment and :

electronic equipment trom cyclotrons to electron e Type W

Type MC1
1000 mméd
15 kv, 75 amps rms

ACM; New Yorker Hotel, New
York City.

microscopes. Jennings manufactures over 300 types iR (TSP
of vacuum capacitors with voltage ratings of '

5 kv to 120 kv, and current ratings up to

500 amps rms. Further information on Jennings’

Dec. 16-17: Combined Analog Digi-
tal Computer Systems Sympo-

17 kv, 7 amps rms sium, Simulation Councils, Inc.,

complete line is available on request. ueal) I G?"“"“l U SR Gl e
17 kv, 7 amps rms p ila.
4 .
Jan. 8-12: Thermoelectric Energy
Reliability means Vacuum / Vacuum means jé'””llzyd Conversicn, Dept. of Defense,
® Joint Technical Society; Statler-
JENNINGS RADIO MFG. CORP., 970 McLAUGHLIN AVE., SAN JOSE 8, CALIF., PHONE CYpress 2-4025 Hilton Hotel, Dallas.
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New HUGHES® nanosecond diodes switch 50 times

faster than standard germanium diodes. I Circuits requite
ar ith a you can solve your problem with

aster response, taster

Hughes narosecond diodes.
Hughes nanc ond germanium diodes are designed to make tc circu’ts beiter
ana tomorrow's possible. They combine the mest wanted parameters inio one subnuniature
r than the usual germanium dioge; they have con

componert. They switch 50 tmes
d.ctances ¢ higher; and they have recti‘icaiion eff
higher Q and ‘aste both forward and reverse
ccuracy and extremely low transient losses.

These new semiconductors were createa espe aliy for tig
hiah-frequency transistor circuits, extremely fast reference swite
vi-level RF modulation and ce lation. It you're workng with sopt

with exacting requirements, the Hughes Semiconductor sales erginesr

encies greater than 70%. The

ctiruits greate

eed computer lfog

ng, and lox noise
tcate cJilry
iN your area 1s a

od

good man to know. Call h'm
or wr {ughes Semiconductor

Newport Beach, California.

division, Marketing Department, 500 Superior Avenue,

MAX. REVERSE RECOVERY

SPECIFICATIONS

Types Minimum  Mintmum Max. Rev. Current  M:n, Rectification L L] m 2
Forward Piv@h @ fed Voitage JAN  C Dynamic T to R Recov. Circ.
Voltage 100xA At O Bias Impedance (nsec) (K Switching
@ 100 MA @ 100Ke @ lmAdc & R 100¢
0.1mA RMS I tmAL/
) v (uA) v pf) {ohms)
HD2963 65 7 10 S 65 4 40 6 2 10/-6
HD2964 1.00 20 10 S 60 2 60 3| 2 1076
HD2967 75 4 40 5 65 4 40 6 1 3/-3
HD2968 1.00 6 40 2.5 60 3 80 4 10/-6
was d on the scope

Note: The rec: y

HUGHES

SEMICONDUCTOR DIVISION
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DRAWING BOARD

Published by Chart-Pak, Inc., originator of the tape method of drafting

++++++ [ ] _rx,T__rx,T D—D—

"SYMBLTAK"®—THE EASY WAY TO MAKE DRAWINGS ¢
FOR ELECTRONIC SCHEMATICS AND PRINTED CIRCUITS

You don't draw rectifiers...relays...diodes...conductor paths...
you stick 'em on...eliminate hours of drudgery

T NEWS................No. (1)

Symbltak is a revolutionary new draft-  precision-cut Symbltak symbols and

+ee-6ghFh CCO

ing method using precision-printed, tapes that you just press down! \
pressure-sensitive materials. It greatly Chart-Pak tapes and Symbltak sym-
simplifies the production of electronic  bols are accurately scaled; can be posi- +
schematics and printed circuits. tioned with great precision on Precision

With Symbltak, you no longer have  Grids. They are easily altered by scrap- —"D'_ +
to draw and ink-in circuit symbols and  ing or dissolving surface printing and +
conductor paths. You usepre-printed, re-inking; easily repositioned. ——

[ ga ]

+
OO0 =33 —3-r1-b b4 &

" i 119
HUNDREDS OF “PRESS-DOWN 9 NEW DRAFTING FILM WON'T

SYMBOLS SAVE HOURS OF
SLOW PEN-WORK STRETCH, SHRINK, PUCKE

All are standardized to meet Gov't,,
Military specifications

Both expert draftsmen and blueprinters
say Chart-Pak’s new FUTURA Draft-
ing Film is the most satisfactory
medium available. 1t is made of

328 Symbltak symbols are drawn in accordance with the
American Standards Association, ASA Y 32.2 sponsored
by the AIEE and ASME; also with MIL-STD-15A for
government procurement of electronic drawings. ‘When
you press down a Symbltak ‘““‘Amplifier—Ext. Feedback

DuPont Cronar®, for exceptional re- 1
sistance to heat, cracking, tearing or
soiling. It is finished with a mechan-
ically-produced matte surface, on one

U (OJOIOES)

Path” . . . “Transistor Pentode (LH)" or printed con- or both sides — that takes pen and
ductor-path “elbow” . . . you know it’s right! And it pencil beautifully — reduces smudg-
will reproduce beautifully. ing or feathering — erases easily.
FUTURA has exceptional clarity and =
— dimensional stability, Samples on
—'°O——O"— DI D) —ee— " request. f
1.0, 8 2.2 ¢ ¢ o ¢ ([ —
Cd =,
CHART-PAK T ° der to por s
.- -~
develops new T weW folder to help Yoy %

-
glare-proof tapes 4 take the d o, =~
Now, for the first time —you - te d Cir ru Se /_y ®e
can get matte-surface acetate- | n Cuj
fibre tapes that won’t “talk | Q‘ try Out Of
back” to a camera with high-
lights or glare. These ingen- 7~
ious Chart-Pak tapes provide - : : -

a non-reflective surface, with- |- For complete information on the. new (.:hart
out excess thickness. Pak system that makes layout easier, write for
You have a thin, one-piece | free folder — “Symbltak.”

tape that won't reflect, cast

shadows, separate, shrink, - WRITE WITH AN ORDINARY PEN OR PENCIL TO...
yellow or peel — in many .

colors and widths. Use Chart- CHART-PAK, INc.
Pak matte-surface tapes,

wherever glare is a problem. ORIGINATOR OF THE TAPE METHOD OF DRAFTING

MASS.

———————— A S

|

161 RIVER ROAD, LEEDS,
(Dealers in Ail Principoi Cities)
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14 great new
copy machines in the
Ozalid’-Ozafax line!

Each one styled, sized, and priced to
give you maximum efficiency for every
office or plant need.

Got a preference in diazo reproduction
equipment? Ozalid dry or Ozafax semi-
dry (sometimes known as ‘‘moist’’)—
take your choice from 14 brand-new
models, rarin’ to work for you.

In seconds, these machines make office
and engineering reproductions you can
hardly tell from originals. Save you time,
work, money. Eliminate office copying
errors, retyping, proofreading, double-
checking. Increase print output, reduce
reproduction costs. Paper cost? As little
as 1¢ for a letter-sized copy.

Find out about the complete Ozalid-
Ozafax line. Talk to an Ozalid salesman
or write: Ozalid, Johnson City, N. Y. In
Canada, Hughes-Owens Ltd., Montreal.

Ozalid for '61—boldest new look in the business!



In Computers and Data Processing Consoles...

Every touch of a Switch
is a test of your equipment!

The design of switches for complex electronic equipment
is a specialty, one place where you can save valuable
engineering design time and insure reliable input.

But, don’t stake your reputation on less than the

finest. MICRO SWITCH precision and reliability

will safeguard your performance standards.

Consult the Yellow Pages for the location
EER0 e tmine ThE FUTORE of the nearby MICRO SWITCH branch office.
R Engineering assistance is avatlable without obligation.
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MICRO SWITCH Precision Switches

HONEYWELL

New MICRO SWITCH Synchronized One-Shot switch
circuit assemblies save engineering time and
equipment rack space

New Synchronized One-Shot push-button
switch circuit assemblies for use in pulse and
digital systems save design time required to
develop flip-flop and gating networks.

The new MICRO SWITCH “1PB700”
series assemblies have a special electronic cir-
cuit that generates a single square wave out-
put pulse in synchronism with an external
clock pulse with each operation of the push
button. They can be used with clock pulse
frequencies from 4 kc to 500 kc.

The electronic circuit is an integral part

of the push-button switch, resulting in a
saving of equipment rack space. All circuit
components are sealed in resilient potting
material to insure protection from physical
damage.

Three assemblies in the new series are
patterned to fit a2 wide variety of d-c supply
voltages and clock pulse rise times, voltages
and frequencies. They can be applied to man-
ual loading of magnetic drums, setting and
resetting flip-flops, and checking ring count-
ers. Ask for Data Sheet 172,

MICRO SWITCH modular lighted push-button
switches can be customized for complete
design flexibility

Give your control panel the finest in styling
with the customizing that will precisely fit
your control and display functions.

MICRO SWITCH “Series 2" lighted push-
button switch modules simply snap together
to match your styling requirements, then snap
into slots in the mounting panel—all without

tools. They perform both control and indi-
cator jobs to save panel space.

Select from 48 different units and 16
mounting barriers. Forty color display screens
include lateral and longitudinal divisions.
Available as operator-indicator switch units
or indicator units only. Ask for Catalog 67.

MICRO SWITCH precision toggle switches offer you
the exact control arrangements you need

MICRO SWITCH manufactures hundreds
of different toggle switches and toggle switch
assemblies. They are available with 2 or 3
operating positions, 1 or 3-hole mounting
and a variety of circuitry and electrical rat-

ings. All have enclosed type contacts. Ask
for Catalog 73.

A new "400” Series Toggle Switch is now
available with a paddle-shaped tab which can
be numbered or color-coded as an indicator.

MICRO SWITCH door interlock switches assure
maximum safety during maintenance

MICRO SWITCH door interlock switches
are installed on high voltage cabinets to auto-
matically cut the power circuit when the
cabinet door is opened for repairs or testing.

Safety position adds protection against
“tying down” or wiring around a conven-

MICRO SWITCH .. . FREEPORT, ILLINOIS
A division of Honeywell
In Canada: Honeywell Controls Limited, Toronto 17, Ontario

November 18, 1960

tional switch which might be forgotten after
service is completed. By manually pulling the
plunger out to the maintained-contact posi-
tion, you close circuit for checking. When
door is closed, plunger automatically returns to
normal operating position. Ask for Catalog 63.

HONEYWELL

2.920

Honeywell

MICRO SWITCH Precision Switches
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| America’s modern way of doing business
f

Y
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Men and machines of AIR EXPRESS deliver vital missile component with jet speed to Convair test site

Priority service makes Air Express today’s best way to ship

At Convair's big Sycamore Canyon Test Facility in California, an Atlas missile stands ready for a
static test firing. An eleventh-hour engineering refinement brings AIR EXPRESS service into the picture.
AIR EXPRESS is constantly called on to speed new parts. It’s all in the day’s (or night’s) work for this
skilled shipping team. Here’s what you get when you call AIR EXPRESS: Priorityservice—firston, first off
—on all 35 scheduled U, S. airlines « Kid-glove handling every mile of the way e Door-to-door pickup
and delivery via 13,000 trucks (many radio-dispatched for

maximum speed)  Teletype confirmation of receipt on

request » Service to 20,000 American communities coast to A ’ R E x P R E ss
coast e/t pays to think fast ... think AIR EXPRESS first! _

?E CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY o GETS THERE FIRST VIA U.S. SCHEDULED AIRLINES
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NEW 25-AMP DAP TRANSISTORS
SWITCH IN MICROSECONDS

High Current-Fast Switching-High Voltage
—give engineers wider design latitude

The new 25-amp germanium PNP
Bendix® Diffused Alloy Power DAP®
transistor line—with its microsecond-
fast, higher-current switching (typi-
cally 5 usec at 25 amperes)—frees
engineers from the design restrictions
set up by ordinary germanium alloy
transistors. Only Bendix offers such a
high-current, high-speed DAP tran-
sistor line.

But high current is by no means the
whole story. Bendix DAP transistors
make possible increased circuit stability

over a wider range of temperatures—
from —60°C to 4-110°C. They are also

rated at higher collector-to-emitter
breakdown voltages, while providing
lower input resistance, controlled
current gain, and lower saturation
voltages. In short, here is a special
high-frequency, high-voltage line that
opens the door to many new design
ideas and applications.

For details on our complete line of
power transistors, power rectifiers, and
driver and MIL-type transistors, write
on your letterhead for your BENDIX
SEMICONDUCTOR CATALOG.

ATTENTION ENGINEERS: Write
our Employment Manager for infor-
mation about challenging opportu-
nities we offer in semiconductors.

POWER DERATING CURVE FOR DAP TRANSISTORS TYPICAL COLLECTOR SATURATION CHARACTERISTICS AT 25°C
2N1651, 2N1652, 2N1653 2N1651 2N1652 2N1653
» 1o T T T T T T 25
o T ]
< oo BN D N
. 90|~ __‘_ 1 Thermal Resistance ] ‘
(Z) | | Junction-To-Case v 20 ! —
e 8o - N | 0.8° C/W Max. o P [
& sof~ | + S z | 1,=500mAdc
5 — z e
O 60t ——rF — L T Z s ——
o
O sof4 11— — _‘_i, _ &
T °
S 40— ——»—+-—l-- -——-—T— — o I, = 250mAde
8 30 b~ _ At zero collector dissipation S | 8 10 — — —
5 the junction temperature is equal l g 1= 150mAde |
:z’ 20 1 “to the mounting bose temperature. \— ] 8 | |
5 10 r_‘ |r | | IL o 1y = 100mAdc
b3 ! [ T 1 ! | 3 ] ]
0 20 30 40 50 60 70 BO 90 100 110 L
TEMPERATURE, °C
0 0l 0.2 0.3 0.4 0.5 0.6 07 0.8
Vce COLLECTOR-EMITTER VOLTAGE IN Vdc
ABSOLUTE MAXIMUM RATINGS
TYPE Vee Veb Veb e Pe T Storage T
NUMBERS Vde Vdc Vde Ade w o¢ oc¢
2N1651 —60 -60 20 25 100 ~6010 4110 110
2N1652 ~100 —100 20 25 100 SEMICONDUCTOR PRODUCTS
- - - 500
Mies3 -1 -120 20 25 10 The m/y/ Red Bank Division
ideal for such applications as: ULTRASONICS . HORIZONTAL OUTPUT CORPORATION
AMPLIFIERS FOR TV OR CATHODE RAY TUBES - POWER CONVERTERS - HOLMDEL, NEW JERSEY
HIGH CURRENT AC SWITCHING - CORE DRIVERS - HI-Fl

Main Office: South Street, Holmde!, N. J.—Phone: SHadyside 7-5400 TWX Holmde! NJ 1388 o Midwest Office: 2N565 York Road, Elmhurst, Itl.—
Phone: BRawning 9-5050 TWX Eimhurst Il 393 « New England Office: 4 Lioyd Road, Tewksbury, Mass,—Phone: ULysses 1-7495 o West Coast Office: 117 E. Pravidencia Avenue,
Burbank, Calif.—Phone: Victario 9-3961 TWX BRB 9808 « Bendix International: 205 East 42nd Street, New Yark 17, N, Y,—Phone: MUrrayhill 3-1100 TWX NY 1-4800
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In RELIABILITY, test

the equipment t

TUBE LIFE REQUIREMENTS:
LOW GRID CURRENT, HIGH G,

a, ~

& ©°

Wl aeain Model 185A
800-mc Oscilloscope

Advanced pulse-
sampling circuitry
of the 185A calls
for an amplifier
tube with (1) grid
current so low that
current is not withdrawn from a grid-to-ground stor-
age capacitor, and (2) high Gy, for maximum ampli-
fication. These characteristics must be maintained.
General Electrie’s 5-Star 5654 was chosen by Hewlett-
Packard after extensive tests; helps in producing a
dependable high-speed instrument to measure tran-
sistor response time and diode switching speeds, and
test fast computer circuits and surveillance radars.

TUBE NOISE MUST REMAIN
AT MINIMUM LEVEL

eneil Model 425A
Micro Volt-Ammeter

So sensitive it will meas-
ure down to 10 microvolts
and 10 miero-microam-
peres—stable, with ex-
tremely low drift — Hew-
lett-Packard’s 425A calls
=- for sustained tube per-
formance at minimum
noise level. In the key am-
plifier socket for modulator output, General Electric
5-Star 5751-WA'’s have cut line rejects from noise
sharply, and help preserve usefulness of the equip-
ment after it is placed in service. Before, another
tube in the same socket caused a 30% reject rate!




Instruments must surpass
Hewlett-Packard @ uses
because they satisfy

....here 1s your proof!

=

TUBES MUST STAY FREE OF INTERFACE EFFECTS ;

eenin Model 460B In order that high pulse power or voltage may be ap-
Wide Band Amplitier plied to a load, Hewlett-Packard’s 460B uses 13 5-Star
, P—— _, 9654 tubes in a distributed-amplifier circuit. Tube
==t = . | requirements are severe. The high-voltage, low-duty
f K % o 3 ";ﬁ ﬂ cycle pulses entail operation at max ratings for brief
’ |
|

intervals, between long periods of tube cut-off. Inter-
face effects would handicap reliability. General
Electric’s 5654’s score both in minimum interface
and high over-all performance...help Model 460B meet
consistently, often exceed, its operating specifications.

-
.
2
e

TELEPHONE TODAY! New York, WI 7-4065...Boston, DE 2-7122...Washington, EX 3-3600
Chicago, SP 7-1600...Dallas, Rl 7-4296...Los Angeles, GR 9-7765, BR 2-8566...San Francisco, DI 2-7201

Progress ls Our Most Important Prodlvct

GENERAL @3 ELECTRIC

azt01f



How your epoxy resin potting systems
can beat the heat...even above 500" F.

Turn an appraising eye on the chart below, and you will
see why it is now possible to get good electrical prop-
erties in your epoxy potting compounds even at tempera-
tures of 500° F. and higher.

These data were obtained in tests of epoxy systems
which had been cured with Du Pont’s pyromellitic dian-
hydride (PMDA).

Note the unusual stability of electrical properties at
elevated temperatures. Equally outstanding thermal
resistance is a bonus characteristic of PMDA cured
systems.

PMDA is now available in commercial quantities, to

—eeee
DISSIPATION
FacTon

| | |
£ [ ooy 300%. 400" ooty
TEMPERATURE ]
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help you add these exceptional electrical and thermal
characteristics to your epoxy resin potting, encapsulat-
ing, and laminating systems.

There's more. PMDA provides several advantages in ad-
dition to outstanding electrical and thermal properties.

If you wish, you can get long pot life—up to 2 days at
room temperature or 6 hours at 165°F. On the other
hand, if you want a quick cure—say, 15 minutes at
355° F.—you can get it by simply changing the formula-
tion and at no sacrifice in electricals.

Why not take advantage now of such outstanding per-
formance and use PMDA to achieve improvements in
your product. PMDA is now available in quantity from
Du Pont’s new commercial-size plant. Recent price re-
duction to $1 per pound* also makes this a practical
means of improving your epoxy resin systems.

For more details or for samples of PMDA, write to
Du Pont, Explosives Department, 6539-K Nemours
Building, Wilmington 98, Delaware.

*Price quoted is f.o.b. Gibbstown, New Jersey for material in
standard containers and is subject to change without notice.

@UPIND PMDA

REG. U, 5. PAT. OFF

(PYROMELLITIC DIANHYDRIDE)

BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY
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Link Division of General Precision, Inc. specified ITT capacitors for this
vital portion of its Tracer Identification and Control System, which de-
" mands utmost reliability and long life expectancy from every component.

HIGH-RELIABILITY WET-ANODE
TANTALUM CAPACITORS FROM ITT

ITT wet-anode tantalum capacitors meet MIL-C-3965B—a fact proved by independent
laboratory qualifications tests on I'TT capacitors. The reliability and long life expectancy
of these competitively-priced capacitors are direct results of IT'T’s total process control and
disciplined production procedures, above and beyond testing standards more stringent than
normal industry practice—and backed by ITT’s world-wide facilities and experience.

* 29 vaLues—from 1.75 to 330 mfds over a working voltage range

I g T to 125 VDC and maximum surge voltages to 140 VDC

COMPON S DIVISION * COMPACT AND RUGGED—sintered tantalum slug in fine-silver cases

IN STOCK AT T DISTRIBUTORS:

* T™WO TYPES~M-Type and P-Type, for applications from ~55 to
85 and 125 C. respectively

INYERNATIONAL TELEPHONE AND TELEERAPH CORPORATION for 2000-hour life at maximum temperature and working voltage
BIE SAN ANTONIO RD., PALO ALTO. CALIF, ® GUARANTEED—t{0 80,000 ft. and accelerations of 20 G’s with a
, . . 0.1 in. excursion in 50-2000 cps range

Phone these lT’I-CB‘capacltor Saes Offices: * LONG STORAGE LIFE—tantalum-oxide dielectric is completely

Albuguergue ... ..AX 9-8013  Los Angeles ..... Hi 6-6325 stable; assures trouble-free operation :

Boston ......... CA7-2980  Miami .......... Mi 4-3311 .

chicago .. ....... SP7-2250  Minneapolis ....WE 9-0457 Y +q

Cleveland -, .,....GR 53080 ~ New York ....... L0 5-1820 COMPLETE SPE!:!F'BAT|0NS _UN ITT wet- and sol{d-anode

Dallas .,........ EM 141765  Philadelphia . .... TR 8-3737 tantalum capacitors are available on request. Write on your

bayton ......... BA 85493  Phoenix ,....... WH 5:2471 5

Denver ......... KE 4-5091 Rochester ...,... fl2-1413 .letterhead’ p lease’ to the address below,

Detroit ,......., Y0 8-3322  $an Francisco ..., LY 1-7321 ; . . o

Fort Wayne *....... HAOB41  Seattle ......... wa 25433 - ENGINEERS: Your ITT representative has a complete set

Kansas City ...... JE15236 St Lowis ....,...EV 2.3500 of qualifications and quality control tests for your inspection.
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P.l. tape recorder secret
is an open book

A unique stacked-reel tape magazine is one of many
space-saving secrets which enable Precision instrumen-
tation recorders to out-perform conventional magnetic
tape instruments many times their size. Other design
secrets are push-button selection of
function and speed, light beam end-
of-tape sensing, front panel calibra-
tion and testing, interchangeable tape
loop magazines, and all-solid-state
plug-in electronics.

All the secrets of these recorders are
unveiled in detailed new brochure
55B. Write for your copy today.

K . . 14-CHANNEL
P.S. — Here's an installation sec‘re‘t two complete 14 PRECISION RECOROER
channel analog (or 16-channel digital) recorders mount Loaded magazines can be
in only 51" of vertical rack space. interchanged in 5 seconds.

101l Commercial Street ¢ San Carlos California

@ PRECISION INSTRUMENT COMPANY
Phone LYtell 1-4441 . TWX: SCAR BEL 30

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD
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it’s read
more
by all 4!

electronics magazine covers engi-
neering and technically interpreted
market trends every week. Govern-
ment, military and economic devel-
opments, new applications, and tech-
nical data you'll want to file and keep.
Subscribe now and read it first (don’t
be low man on a routing slip). Mail
the reader service card (postpaid) to
electronics, the magazine that helps
you to know and to grow! Rates:
three years for $12; one year for $6;
Canadian, one year for $10; foreign,
one year for $20. Annual electronics
BUYERS’ GUIDE (single issue
price $3.00) included with every sub-
scription.

subscribe today to

electronics

electronics



COMPLETE LINE OF VHF TELEMETRY EQUIPMENT
MANY ITEMS AVAILABLE FROM STOCK

TELEMETRY TRANSMITTER, 215 - 265 mc

Improved frequency stability, true frequency modulation,
reduced harmonic distortions, and increased power output
characterize GEL’s VHF Telemetry Transmitter, Type
15A2, specifically designed to meet the exacting require-
ments of present day telemetry systems.

FEATURES

Shock: 100g, 11 milliseconds

Vibration: 15g. 2000 cps

Frequency Stability: +0.005%

Distortion: Less than 19

Modulation: FM/FM, PDM/FM. PCM /FM
Temperature Range: —54°C to +85°C

[ =. 8]

FREQUENCY DISPLAY UNIT, SERIES 14

Accepting signals from GEL Receivers, Frequency Dis-
play Unit. Series 14, features good resolution, equalization
+3 db, low spurious radiation. edge-lighted scale, and 60 db
image rejection. A signal as low as 2 microvolts at the Re-
ceiver input gives full-scale deflection.

Sweep width, center frequency, and gain control are located
below a 3" Cathode Ray Tube. Unit mounts in 19" Relay
Rack. Series 14 Frequency Display Units are companion
units to GEL VHF Receivers.

FEATURES

Low Spurious Radiation
Edge-lighted Scale

Pentagrid Mixer

Switch for Multiple Inputs

20k resolution

Adjustable sweep width 0 to 3 me

GEL Also Designs and Manufactures a Complete Line of
Telemetry Equipment for Microwave Applications

ADDRESS ALL INQUIRIES TO:

TELEMETRY RECEIVER, 215 - 265 mc

Designed in comformity with IRIG requirements specifi.
cally for use in FM/FM, PDM/FM, and PCM/FM
Systems, GEL’s Telemetry Receiver, Type 11B1, provides
a versatility heretofore unobtainable. Other bandwidths
than those shown below, or special response characteristics
are available on order.

FEATURES

® [F Bandwidths: Plug-in type, 100, 300, 500, 750kc
e OSC Radiation: Meets MIL — I — 6181

® VFO or Crystal: Operation selected by panel switch
e Image Rejection: Greater than 60 db

® Noise Figure: Less than 7 db

Q" T
(’:uz.‘ ® [

Q..O‘
:. s
o“’—*..

WIDE RANGE RECEIVER, 30 - 260 mc

GEL Wide Range Receiver, Type 17Al, is used in a
broad variety of applications, and is designed to receive
AM, FM, and Pulse information. This unit is character-
ized by extreme sensitivity to the reception of weak signals.
The tuning head is contained in a completely shielded
sub-assembly, and has very low oscillator radiation. Tun-
ing range is covered in two bands selectable from the
front panel. Panels are notched for 19” Relay Rack mount-
ing. Power consumption is 225w at 115-230v a-c 50-60 cycles.
FEATURES

e Input Impedance: 50 ohm source with separate antenna

input for each band
e Frequency: Band 1: 30-60 mc; Band 2: 55-260 mc

® Noise Figures: Band 1: Less than 5 db; Band 2: Less
than 6 db

® Oscillator Radiation: 90 db below 1 mw at antenna
terminal

e IF Bandwidths: 10 ke, 300 ke, 4 me

Write for Technical Data Sheets on Compatible GEL
Telemetry Equipment in the VHF Band.

General Electronic Labs, Inc. _E
8521 Second Avenue
Silver Spring, Maryland L

November 18, 1960

CAMBRIDGE 42, MASS

SILVER SPRING, MD.
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“Essentially, this corporation will be
people—people of the highest quality.
The United States Air Force recog-
nizes that men of great scientific and
technical competence can perform at
their best only when they can exercise
their initiative to the full under lead-
ership which creates the climate for
creativity. We expect Aerospace Cor-
poration to provide that kind of
environment.”

SECRETARY OF THE AIR FORCE

Among those providing their leader-
ship to this new non-profit public
service corporation are: Dr. Ivan A.
Getting, president; Allen F. Donovan,
senior vice president, technical; Jack
H. Irving, vice president and general
manager, systems research and plan-
ning; Edward J. Barlow, vice president
and general manager, engineering divi-
sion; and Dr. Chalmers W. Sherwin,

A new and vital force

68. CIRCLE-68 ON READER. SERVICE CARD

FROSPACE

CORPORATION

are creating a climate conducive

to signiﬁcant scientiﬁc achievement

vice president and general manager,
laboratories division.

~ These scientist/administrators are
now selecting the scientists and engi-
neers who will achieve the mission of
Aerospace Corporation: concentrating
the full resources of modern science
and technology on rapidly achieving
those advances in missile/ space systems
indispensable to the national security.

The functions of Aerospace Cors
poration include responsibility for:
advanced systems analysis; research
and experimentation; initial systems
engineering; and general technical

supervision of new systems through:

their critical phases, on behalf of the
United States Air Force.

Aerospace Corporation is already
engaged in a wide variety of specific
systems projects and research pro-
grams—offering scientists and engi-

neers the opportunity to exercise their
full capabilities, on assignments of
unusual scope, within a stimulating
environment.

Immediate opportunities exist for:

* SENIOR ELECTRONICS ENGINEERS:
Communications Systems
Navigation Electronics
Radio Techniques
Electro-Mechanical Design
Information Theory
Sensing Systems

® SPACE VEHICLE SPECIALISTS:
Senior Power Systems Engineer
Sr. Flight Performance Analyst
Re-entry Aerodynamicist

Those capable of contributing in these
and other areas are invited to direct
their resumes to:

Mr. James M. Benning, Room 110
P.O. Box 95081, Los Angeles 45, Canf.

AEROSPACE CORPORATION

engaged in accelerating the advancement of space science and technology

= electronics



SERIES F TARZIAN Silicon Rectifiers

Max. Amps.
Tarzian Amps. DC Max. Recurrent Surge Jedec
Type (85°C) PIV RMS Volts Peak (4MS) Equiv.
2F4 20 400 260 2.0 20 _
F-2 75 200 140 7.5 75 L
F-a 75 400 280 7.5 75 b
F-6 75 600 420 7.5 75 s

— oy —————

0.2" maximum diameter
0.4" maximum length

How many?

100? 1,000? 10,000? 100,000? 1,000,000?

If Series F units meet your design requirements,
then you can specify with full assurance of
availability in any quantity.

These Series F units are widely useful. They
combine small size, low cost, high performance
and Tarzian reliability. They are interchange-
able with many other rectifiers. Junctions are
oversize—handle inrush currents far beyond
normal circuit requirements. Temperature rise
is low and reliability is increased.

The insulated body of the Series F units pre- Z
sents no mounting problems. And low cost with /\ ‘
high quality results from Tarzian production
methods.
For additional information about Series F / ,
rectifiers, call your Sarkes Tarzian sales rep- /7

resentative, or write Section 5760. Sarkes
Tarzian is a leading supplier of silicon, tube
rerircement, and selenium rectifiers. Practical
application assistance is always available.

SARKES TARZIAN, INC.

World’s Leading Manufacturers of TV and FM Tuners ¢ Closed Circuit TV Systems o Broadcast
Equipment ¢ Air Trimmers « FM Radios « Magnetic Recording Tape » Semiconductor Devices
SEMICONDUCTOR DIVISION ¢ BLOOMINGTON, INDIANA
] /1 Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, Inc., New York
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Manutacturers of Styver-Clad® Industrial Batteries « PlastiCell* and PlastiCal® Batteries for Communications, Control, and
Auxiliary Power + Producers of AutoReg® Silicon Chargers and AutoCal* Charger-Battery Combinations

70

Can a S|I|con rect|f|er

solve your problem?

It might, if you have a problem in DC power sources. For
example, some time ago C & D needed a high efficiency, con-
stant potential, current limiting DC power supply. Output
had to be held within + 1% over an AC input variation of +
15%. In addition, maintenance would have to be virtually nil.

The answer was found by using a silicon rectifier in com-
bination with simplified components that became the heart
of C & D’s AutoReg® charger. AutoReg chargers provide
continuous, automatic, unattended charging of industrial
storage batteries. With the exception of a timing circuit
there are no moving parts. There are no relays to adjust and
practically no maintenance is required.

Now, C & D has expanded facilities of the AutoReg plant
to provide industry with similar DC sources, which incor-
porate silicon rectifiers and automatic regulation. Final form
of these units can supply power in a range from milliwatts to
megawatts, depending upon your requirements.

Companies with a problem in DC power sources should
write, giving a general outline of their requirements, to:
Vice President in Charge of Engineering

Autofleg’ Power Sources

CseDO HATTERIES
of Gnshohocken., . ... ttica. Thd.

OV THE ELECTRIC AUTOLITE CO.
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ARNOLD
transistorized
power uppIy

. a regulated

lightweight
inverter,

built to

aircraft ==

and missile specs.

FEATURES

® Constant output voltage as
battery discharges

2 1/5 weight, 1/2 size of
comparable dynamotors.

® Withstands short circuit
indefinitely.

® Withstands input voltage transients
of 70 volts for 0.1 sec. and 60 volts,
indefinitely.

® Qutput voltage drift only
1.5% from —55° to +71°C,

SPECIFICATIONS

D. C. OUTPUT Model 591-A
Input Voltage: 24-30 VDC

Output Voltage: Any from 25-1200 VDC
Output Power: 60 watts regulated

Regulation: Line: +0.5% for 6V variations
Load: +1.0% for ¥2 L to FL

Ripple: 0.3% RMS
Size & Weight: 37 0D x 3%,,” high; 22 oz.

A. C. OUTPUT Model 591-AC
Input Voltage: 24-30 VDC

Output Voltage: 115 VAC, 400 cps, 1 phase
Output Power: 50 V.A. square wave

Regulation: Frequency: +0.5%
(tine & load) Voltage: +2.0%

Size & Weight: 3”7 0D x 3%~ high; 22 oz.

134T T T T T
1 IRREEN 0 .’1”_,,,._;_2

|
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WE7 383 J7ARIESER| 1

N VOLTAGE et s
QUTPUT VOLTAGE VS, INPUT VOLTAGE
ot severol fixed loods. (MOD. 591-1ypicol volues)

Write or "phone for literature

i ARNOLD
MAGNETICS
CORPORATION

6050 W. Jefferson Blvd.
Los Angeles 16, Calif.

VErmont 7-5313
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3090 S.W.37th AVENUE MIAMI 33, FLORIDA

November 18,

1960

Mutti-channel—telegraph A1 or telephone A3

STABLE

High stability (.003%) under normal operating conditions

Components conservatively rated. Completely tropicalized

shift signals,

on request.

Write us today for details!

AER COM

VERSATILE

<
o™
\{
<0
ot
o’
o%*
w*
<0
ov®
eq.o Here’s the ideal general-purpose high frequency trans-
ot mitter! Model 446, suitable for point-to-point or ground-
X

to-air communication, Can be remotely located from
operating position. Coaxial fittings to accept frequency

This transmitter operates on 4 crystal-controlled
frequencies (plus 2 closely spaced frequencies) in the
band 2.5-24.0 Mcs (1.6-2.5 Mcs available). Operates
on one frequency at a time; channeling time 2 seconds.
Carrier power 350 watts, Al or A3. Stability .003%.
Nominal 220 volt, 50/60 cycle supply. Conservatively
rated, sturdily constructed. Complete technical data

Now! Complete-package, 192 channel, H.F., 75 Ib.
airborne communications equipment by Aer-O-Com!

A-131

CIRCLE 71 ON READER SERVICE CARD

Al



HEDGEHOPPING AT MACH 1
ockheed radar shows pilot
ow to miss what he can't see

When a pilot hugs the deck traveling a mile every
four seconds, his route is the world’s most dangerous
obstacle course. Hills, bridges and other hazards can
be in his lap before he has time to maneuver safely
over them. He nceds information well in advance.

particularly in poor visibility or at night.

And now he gets it—from Lockheed Electronics ter-
rain avoidance radar. A compact display shows him
obstacles, his position in relation to them, and the
mancuvers necessary to avoid them—in time.

Lockheed Electronics systems enginecrs have created
in onc group of modules the most versatile airborne
radar in flight test today. Equally effective as a map-

ping, bombing or navigational radar, this lightweight,
transistorized unit is typical of the sophisticated
cquipments developed by Lockheed Electronics to
help strengthen the nation’s defense.

CAPABILITIES— MILITARY SYSTEMS/STAVID DIVISION

RADAR SYSTEMS —scarch, bombing. navigation devices and
displays. missile guidance and control, automatic detection
and data processing

COUNTERMEASURES —ECM, ECCM, active and passive

UNDERSEA WEAPON CONTROL AND DETECTION —ASW, elec-
tromagnetic detection, location and communication

SIMULATION AND TRAINING DEVICES

OPERATIONS ANALYSIS —offensive and defensive systems,
war operations, undersea warfare. clectronics in spuace

-~




MINDING THE FUTURE

LOCKHEED ELECTRONICS

COMPANY

MILITARY SYSTEMS / STAVID DIVISION
PLAINFIELD, NEW JERSEY

OTHER LEC DIVISIONS: INFORMATION TECHNOLOGY @ ENGINEERING SERVICES @ AVIONICS AND INDUSTRIAL PRODUCTS

ENGINEERS AND SCIENTISTS: For unigue position advancement opportunities,
please contact our Professional Placement Office in Plainfield, N.J.

FIDFIF YA ael memamem o



v v
Choose from hundreds Custom made to your

of factory models - specifications

World Renowned Relability

LESA COSTRUZIONI ELETTROMECCANICHE S. P. A. - VIA BERGAMO, 21 - MILANO [TALY

LESA OF AMERICA 11 WEST 42n0 STREET - NEW YORK, 38 - N.Y. - U. S A
CIRCLE 200 ON READER SERVICE CARD
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FIRST CHOICE
OF ALL 4!

Because to use the BUYERS’ GUIDE an engineer need only (1) look up the product he wants to buy in the Product
Listings, where all known manufacturers of the product are alphabetically included (manufacturers who are ad-
vertisers are listed in bold-face type with page numbers of their advertisements) (2) turn to the advertising pages
of manufacturers of the product for specifications (advertisers list all their product lines and product specifications
in one place) (3) turn to tite Manufacturers’ Index and find the local sales office (local sales offices are listed

alphabetically by States with addresses and phone numbers).

electronics BUYERS' GUIDE and Reference Issue

Gives more to all 4!

74 electronics



Did You Know That
Your 1960 electronics
BUYERS® GUIDE

Includes. ..
Missiles in Production p- RS

List of Military Procurement

Locations and Personnel p- R7
Characteristics of Plastics p- R34
Characteristics of Laminates p- R36

Wire, Tape and Foam Specifications p- R38

Symbols Dictionary p. R42
List of Industry Organizations,

Services and Standards p- R47
Military Standards p. R50
Military Nomenclature p- R53

—---- The only directory in the electronics industry with «a

Reference Section. It contains Market Data, Materials

ectronics for Components, Specifications and Services, and De-
B UYERS’

sign Data.
[Juine

ménmemsxcs s A McGRAW-HILL PUBLICATION (@:

0 8
,,,,,
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NEW—CONTINUOUS READING METER-RELAY

e

...AND BEYOND

i
e Nl
L - B

GIVES CONSTANT CONTROL
UPSCALE OR DOWN

API's new Continuous Reading Meter-Relay (CRMR) can do a
diversity of control jobs for you. It will monitor and control just
about any variable that can be translated to electrical values. It will
handle low-level microamp or millivolt signals without amplification.
In many applications, the CRMR’s high sensitivity will permit sim-
plification of control circuitry. In any application, it will give
accurate (2% or better), non-cyclic control.

The CRMR is simple. It consists of a D’Arsonval meter with
toggle-mounted contacts; a load relay does the control switching. No
signal-sampling interrupters are required. Reset is automatic and
instantaneous.

Reliability? The CRMR is right now in service on such critical
applications as monitoring radiation level.

Our Bulletin S-2-1 shows how the CRMR works, and gives full
details on available ranges and prices. The latter, not incidentally,
are a lot less than you might expect for so versatile an indicating
control.

api
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Chesterland 4, Ohio

ASSEMBLY PRODUCTS, INC.

first

choice of
all 4

research

production

management

Because the
BUYERS GUIDE
satisfies the
buying and specify-
ing needs of all

four segments of the
industry! Gives more
information in less
space. Easier to use.
Only the

BUYERS’ GUIDE

has been screened for
usefulness over a 20 year
period . . . comes to you
compact, complete

and accurate.

gives more to all 4!

electronics
BUYERS' GUIDE

and REFERENCE ISSUE

electronics



Feeds, stakes and fuses Eyelets in PRINTED CIRCUIT Boards a blg step forward in
WITH 1007 Foie -
broadband RF amplification

' OCTAVE RF
AMPLIFIERS

40 to 600 mcs

* low noise figure * low power drain
* high gain * broadband operation
* flat gain characteristic

EDWARD SEGAL
MODEL NR-ESSM {

" . automatic eyelet
in every environmental test! | artaching machine

This revolutionary machine, supplied as a complete installation, is
obsoleting manual eyelet attaching and soldering. Leading manufac-
turers, in many cases using batteries of them, find Segal’s new Model
NR-ESSM is a completely dependable automatic method of making
continuous electrical circuits of the printed elements on opposite sides
of a board — or a single side if desired. Stakes and fuses 30 eyelets or
more a minute, top and bottom, with never a reject.

There are other models for cold staking flat and funnel type eyelets,
and for feeding and staking tube pins and turret terminals with equal
reliability. All are highly economical. Segal can improve your eyelet
attaching production. Write section E-11,

a"‘t Manufacturers of eyeleting machinery,
%Ew special hoppers and feeding devices |
S I 132 LAFAYETTE STREET, NEW YORK 13, N.Y.
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Model HFW Octave RF Amplifiers feature low noise,
high gain, low power drain pizs dependability and
easy maintenance. Four basic amplifiers are available,
with the following frequency responses:

40to 80 mes ® 80 to 160 mcs

160to 320 mes @ 300 to 600 mcs

Two additional units cover the 100-400 mcs region
as follows:

10010200 mcs @ 200 to 400 mcs

Conservatively speaking, these equipments offer a
practical and realistic answer to nearly all broadband
amplification requirements.

TYPICAL PERFORMANCE CHARACTERISTICS Model HFW-303

Input frequency: 300-600 mcs
" Input, output impedance: 50 ohms

There’s more data in eledronics, the magazine that ! Input, output V.S.W.R.: Less than 1.5 in bandpass region
gives you the lat . = . . <= Noise figure {average): 7 db
i y e latest technical and engineering informa- | Gain | 30 db
Slon every week pl;ts business and government trends. Primary power requirements: I 115 VAC, 60 cps ‘

ubscribe now. Mail the reader service card (postpaid) Size (LW.H.): | 19 x 12%" x 7" 4
to electronics, the magazine that helps vou to know and ioulting)cmensions: | Standard 19" relay rock

tq grow! Rates: three years for 312, one year $6, Cana-
dian, one vear for $10; foreign, one year for $20. Annual
electronics BUYERS’ GUIDE (single issue price $3.00)
included with every subscription.

Write for further information.

Applied Research ine.

subscribe today to electronics! 76 South Bayles Avenue, Port Washington, N. Y.
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How to draw on The Zeus Bank

Today you can draw on the same company that developed the complex million-dollar capacitors of the Zeus
Bank* for any and every capacitor problem you face. Leader and pioneer in electronic components for half a
century, Cornell-Dubilier has on file tens of thousands of capacitor specifications; is ready to develop a

complete new one for you on request. Now an integral part of fast-growing Federal Pacific Electric Company,
*For thermonuclear fusion experiments at Los Alamos, N. M.

FABAAITABE. TANITAIIA NAICA CFRAMIC FIFCTROIYTIC. PAPER. OIL. MYLAR, METALLIZED, ENERGY STORAGE AND POWER FACTOR CORRECTION



for a ten-cent capacitor

CDE offers more than ever before—in plant and personnel resources, in depth of “know-how” throughout every
phase of electric and electronic design, in a vigorous spirit of progress that welcomes every inquiry. Deposit
your capacitor problems at CDE'’s door .. . you'll get assistance you can bank on, with richer dividends in
creative product thinking that assures success. Cornell-Dubilier Electronics Division, South Plainfield, New Jersey.

/

CORNELL-DUBILIER ELECTRONICS DIV. C D}E FEDERAL PACIFIC ELECTRIC COMPANY

growth through creative energy

® FIITFRS @ DNFIAY IINFC o PHICE NIETWADYS o  SEMICONNDIICTODS o VIBDATADC o CAAKED CHIODIIEC a  DOEIAVE a  AMITENINIA RATARE

Photo: Los Alamos Scientific Laboratory, Los Alamos, N, M.
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Fungi & | Corrosion & X
Dielectric Temp. Low Temp. Tensile Ultimate Abrasion Applicable i
Strength Rating Flexibility | Flammability | Strength | Elongation Resistance| Resistance [Specifications
500-1000 250°C —90°C Non- 1500-3000 | 100-200% | Excellent | Excellent ASTM {
V/MIL Fl bl PSI
TABLE OF WALL THICKNESSES i
Nominal Nominal Nominal Nominal
Size Inside Diameter wall Thickness Size Inside Diameter wall Thickness
30 0127 .009” 10 .106” 012~
28 015" .009” 9 118~ 015~
26 018~ .010” 8 JA33% 0157
24 .022” .010” 7 148~ 1015¢
22 0277 .010” 6 .166” .015~
20 034~ 012~ 5 186" 015~ .
19 .038” 012 4 .208" 015~ «< P>
18 .042” 012~ 3 234" 015~ '
17 047~ 012~ 2 263~ 0157
16 .053” 012" 1 294~ 015~
15 .059” 012~ 0 330" 015~
14 .066" 012~
13 076" 012~
12 .085" 012~
.012~
electronic

ALPHA W|RE CORPORAT'ON Subsidiary of lORAl Electronics Corporation

200 Varick Street, New York 14, N. Y.
Pacific Division: 1871 So. Orange Dr., Los Angeles 19, Calif.

*7.M. DuPont
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DURABLE TWO-LAYER

ANTI-REFLECTION COATINGS

FOR LOW REFRACTIVE INDEX GLASS

4 UNCOATED GLASS ;?li;“sa::p'g;l‘::”
i
MAGNESIUM FLUOQRIDE to controlied

BISMUTH OXIDE _ )
~ GLASS Pz thu.:k.ness produ!:mg
efficient reduction

of the reflected
light.

kid [

INGLE-LAYER COATING

REFLECTANCE %

WAVELENGTH

SIMPLE...ONE-CYCLE
OPERATION

Efficient deposition of anti-
reflection,transmission, and multi
layer coatings on to low refrac-
tive index glass using a built in
film thickness measuring device
are easily carried out in a simple,
single deposition cycle on the
Speedivac Model 19VES coating
unit. By combining a unique
type of A.C. sputtering, and
evaporation techniques the problem
of absorption free and durable films have
been overcome.

Sy Model

* Multi layer coatings are carried out on a six position
19VES

turret head evaporation source.

EDWARDS HIGH VACUUM INC.

1920 Buffalo Avenve, Niagara Falls, N.Y.
In Canada: Edwards High Vacuum (Canada) Ltd., Box 515, Burlington, Ont.
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It's read
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management

T.here’s more data in electronics, the magazine that
gives you the latest technical and engineering informa-
tion every week plus business and government trends.
Subseribe now. Mail the reader service card (postpaid)
to electronics, the magazine that helps vou to know and
tq grow! Rates: three years for $12, one year $6, Cana-
dian, one year for $10; foreign, one year for $20. Annual
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Portrait of a Mach number

Air blasting across an aerodynamic shape at Mach 2 (above. left) records its
image on film. In private industry’s most extensive complex of wind tunnel
installations. Boeing engineers and scientists are defining the shape of the
future in supersonic and hypersonic flight. A new hypersonie tunnel. the
nation’s largest privately owned facility of its kind. tests up to VMach 27.

Boeing's emphasis on research and development of future advances covers a
wide variety of fields. including missiles. satellites. space vehicles. anti-sub-
marime warfare systems. hvdrofoils. commercial and military aireraft. gas tur-
bine engines. electronics. communication. propulsion systems, vertical and
short take-off and landing atreraft.

Professional-Level Openings

Expansion of advanced projects and systems
management programs of the future has created
openings at Boeing for professional specialists in
scientific and engineering disciplines, and other.
non-technical. arcas of company activity. You'll
find at Boeing a professional environment con-
ducive to deeply rercarding achievement. Drop a
note, mentioning degrees and major. to Mr. John

. Sanders, Boeing Airplane Company, . O.
Box 3822-ENI. Seattle 24, W ashington

BOEING
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Resinite’s new Hi-Heat 105C combines outstanding resistance
to heat, fungus and oil in a transparent (no amber tint) vinyl
insulation sleeving that permits ready identification of print—
or color-coded wires.

Hi-Heat 105C more than meets specification requirements of
MIL-I-631C Type F, Form U, Grade ¢, Class I and II, Cat. 1.

Hi-Heat 105C is available in all standard sizes, wall thick-
nesses and colors. “Soft-Wound” spooling assures fully round
sleeving for easy assembly. For U.L. 105°C applications specify
Resinite Super Heat 125 or Hi-Heat 105. For samples and per-
formance data, call your Resinite Distributor or write:

RESINITE DEPARTMENT

THE BORDEN l'm
CHEMICAL

RESINITE
HI-HEAT 105C

¢ DIELECTRIC STRENGTH:
1000 volts/mil. avg.

e TEMPERATURE RANGE:
221°F. to -10°F. Continuous
operation at 105°C.

e FLAME RESISTANCE:

(Self Extinguishing) 5 sec.

¢ FUNGUS RESISTANCE:

Will not rot.

s CORROSION and

OlL RESISTANT

e 11 COLORS:

Transparent, black, white, red,
blue, green, brown, grey, orange,
violet, yellow.

1 Clark Street, North Andover, Mass., P. 0. Box 430, Compton, Calif.
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United Eyelets and

Eyeleting Machines Keep this Princess

on Constant Call

The new Princess telephone — a product of the
Western Electric Company — is an achievement in
communication design INSIDE as well as out,
thanks in part to a United Eyeleting Machine that
automatically feeds and sets six twin United Eyelets
in a plastic insulating terminal board no bigger than
a cigarette lighter.

United achieved automation of terminal board
production. Accurate alignment of the setting bar
and an especially rigid frame — unique with the
Model F United Eyeleting Machine — brings uni-
form pressure to bear on all six twin United Eyelets
scattered over a broad pattern range. Reliability for
the lifetime of the Princess was thus assured.

If you want faster production using greatly simpli-
fied setups of multiple mechanisms plus absolute re-
liability in multiple eyelet patterns, call on United

. . where over sixty years’ experience in the design,
development and production of eyelets and eyeleting
machines, is at your service.

Your nearest United sales office has full informa-
tion on the complete line of United Eyelets and
Eyeleting Machines. Call or write today.

Slnited,

UNITED SHOE MACHINERY CORPORATION

140 FEDERAL STREET, BOSTON 7, MASSACHUSETTS

Branches: ATLANTA, GA. ®* CHICAGO, ILL. * CINCINNATI, CLEVELAND and COLUMBUS, OHIO * DALLAS,

* NASHVILLE, TENN. * NEW YORK, N. Y. * PHILADELPHIA, PA. * ROCHESTER, N. Y, * ST, LOULS, MO.

CALIF. * LYNCHBURG, VA, * MILWAUKEE, WISC.
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AMP PINBOARDS can do a host of dry circuit
switching or commoning functions . . . permit
numerous matrixes in one assembly. Complicated
switching functions can be accomplished by
simply inserting or removing a pin,

You can use these PINBOARDS as modular
building blocks for instrumentation applications,
: automated tooling, test equipment, data processing
. any variety of size and grid arrangements

| in multiples of a basic 15 x 5 hole pattern.
Contact springs can be bussed in any combination
desired. And for safety, there are no exposed

conducting surfaces on the rear side of the board.

The conducting area of the pin is safely inside

PROG RAM M I N G board before contact is made with mating springs.
AMP PINBOARDS are factory pre-wired to your
specifications . . . with standard or special silk
screen legends. Designed for simplicity . . .
flexibility . . . reliability . . . with three

amperes continuous current rating.

Write for complete specifications.
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AMP INCORPORATED

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada o England o France e Holland e italy e Japan o West Germany
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Five-element Yagi antenna on 21-ft
mast for 1,000 microvolt per wmeter
measurements,
and antennas arranged for 200 and
40 ‘microvolt reception at right

field-strength

left,

electronics
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Engineering Performance of
Six Proposed Stereo Systems

Tius fall, the field-test panel of the National Stereophonic Radio

Committee filed with the Federal Cominunications Commission its report

on stz proposed systems for compatible f-m stereo broadcasting.

This article summarizes engineering data relevant to frequency response,

distortion, separation, crosstalk and spectrum utilization

By A. PROSE WALKER,

Director of Engineering,
National Association of Broadcasters,
Washington, D. C.

PANEL FIVE of the Nuational Stereo-
phonic Radio Committee was ac-
tively organized in March to field
test systems for transmission and
reception of compatible stereo-
phonic sound over a single f-m
channel. The systems to be tested

November 18, 1960

were referred to Panel 5 by NSRC
Panel 1. Eight systems were ini-
tially referred. Subsequently a sys-
tem proposed by Phileo and one pro-
posed by General Electric were
withdrawn by their proponents
from field testing.

The six systems tested, by NSRC
system number, were: (1) Crosby-
Teletronies, (2A) Calbest Electron-
ies, (2B) Multiplex Development,
(3) EMI Electronics of England,

(4) Zenith Radio and (4A) General
Electrie.

Six subcommittees were estab-
lished dealing with: transmitting
and receiving site location. specifi-
cations for measurements, trans-
mitter and antenna measurements,
receiver measurements, data corre-
lation and program material.

Initially it was decided to make
measurements at three receiving
sites where nominal field strengths
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Receiving and measuring equipment used at receiving field site includes tape recorders, distortion analyzer, notse
meter, oscilloscope, receivers and other miscellaneous equipment

of 1,000, 300 and 50 microvolts per
meter would be obtained and where
effects of multipath propagation.
ignition noise and airplane flutter
might be observed.

Upon making initial observations
at the first site, Uniontown. Pa.,
about 40 miles southeast of Pitts-
burgh, multipath effects were nun-
usually noticable, resulting in
cross-talk from the main to the sub-
carrier considerably higher than the
measured value at the transmitter.
The main carrier field strength was
in the order of 1,000 microvolts per
meter with varying values above
and below during daylight and
darkness. The antenna used for in-
itial observations was a folded di-
pole cut to the carrier center fre-
quency (92,9 DMec.) oriented for
maximum signal strength, at a
height above ground of approxi-
mately 21 feet. The predominance
of multipath effect resulted in the
conclusion to replace the dipole with
a b-element f-m Yagi antenna so
that more reliable measurements
might be made. The field strength
was deduced to be close to that ob-
tained from the dipole but the mul-
tipath effects were reduced to a low
level. A photograph shows the re-
ceiving antenna for the 1,000 micro-
volt measurements and the bowl-
like terrain surrounding the site at
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the left, antennas arranged for 200
and 40 microvolt measurements,
right. Another photograph shows
a general view of the receiving-site
equipment.

The antenna feed-point imped-
ance was a4 nominal 300 ohms. A
balun was used to convert this im-
pedance to 72 ohms. A coaxial
transmission line 200 feet long was
branched to the inputs of the rve-
ceivers to facilitate rapid measure-
ments. Since the receiver inputs
were 300 ohms, another balun was
connected to retransform the im-
pedance in each branch line from
the distribution box to that of the
receiver inputs. The measurements
made were of the values of signal
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at the input side of the baluns feed-
ing the vreceivers, not actual
field-strength values. Loss in the re-
ceiver baluns is considered negligi-
ble. Consequently, the measured
value closely approaches the re-
ceiver input level in microvolts.
Station KDKA-FM, operating
with the call KG2X1U, was used for
all transmissions during the field
tests. The additional stereophonic
equipment was installed in the same
room with the f-m transmitter. as
will be seen in a photograph. An-
other photograph shows a general
view of the transmitter and the
subcarrier generator-exciter that
was used for the Subsidiary Com-
munications Authorization (SCA)
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FIG. 1—Frequency response of stereo systems; left channel (A), right
channel (B). Response is referred to 400-cps. Transmitter was 100-per-
cent tone modulated with L = R. No preemphasis was used. Dotted line
shows receiver deemphasis characteristic
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FIG. 2—Percent distortion versus frequency measured at left (A) and rvight (B) channel outputs and at output of a
high-quality monophonic receiver (C). Transmitter was 100-percent modulated with L = R. Distortion meter measured

all residual circuit noise «s distortion

transmissions as well as for NSRC
systems 2A and 2B. The KDKA-TV
television transmitter is in the
same room as the f-m transmitter.
Throughout the tests for varying
periods, the television transmitter
was in operation. In some cases
there may have been energy feed-
through from this transmitter into
the f-m transmitter.

Measurements made at the trans-
mitter were similar to those at the
receiving site, but not so extensive.
The spectrum photographs were all
made at the transmitter. Probes
were inserted in the transmission
line feeding the antenna to obtain
r-f pickup for measurements.

No difficulty was experienced in
making measurements of random
signal-to-noise. These measure-
ments were conducted in the usual
manner. It was practically impos-
sible, initially. to make significant
impulse signal-to-noise measure-
ments using automobiles as the
noise generator. It was found that
ignition noise was generally so low
as to be almost imperceptible, and
furthermore it was impossible to
obtain any repeatable level. Finally
an eleetric razor was found to be a
suitable noise generator. A spot
was selected on the 300-ohm line
feeding each receiver where the
razor was placed in exactly the
same manner each time a measure-
ment was made.

Although three sites were ini-
tially selected, it was considered
most convenient to make all meas-
urements at one site but at reduced
field-strength levels. Panel members
18,
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FIG. 3—Separation of left and right channels: output of left channel be-
low right channel with transmitter 100-percent modulated with R only
(A): corresponding measurement of right chamnel with L only trans-
mitted (B). Indicated poor separation may have been caused by faulty

cquipment

indicated unanimous agreement to
experiment with antenna heights to
secure approximately the agreed-
upon levels of field. Another identi-
cal Yagi antenna was procured, and
a dpdt switeh was installed in the
300-ohm lines feeding the step-
down balun between the antennas
and the 72-ohm coaxial line. Experi-
ments with the two antennas
mounted on the same pole resulted
in heights above ground of 40
inches and 10 feet respectively for
measured inputs to the receiver
baluns of 40 and 200 microvolts.

At the receiving site, data was
taken relevant to frequency re-
sponse, distortion, separation, cross-
talk and signal-to-noise ratio. At

the transmitter, data was taken on
distortion and spectrum distribu-
tion.

Frequency response as measured
at the receiver site is shown in Fig.
1A and Fig. 1B. It represents the
electrical output at the receiver
loudspeaker terminals for the left
and right channels of each stereo
receiver tested. The measurement
was Made by fully modulating the
transmitter with either L = R or
L = —R and holding the modula-
tion monitor at the transmitter con-
stant as the frequency of the input
signal is varied over the audio
range. Only L = R data is shown
here.

The curve should show the de-
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channel, 400-cps reference: (A)

erosstalls into muin channel from sterco swhearriey 100-percent modulated aeith I = —R. (B) crosstell into main from
SCA sihearrier 100-pereent modulated, (C) crossiall inta left clannel from SCA. (D) crosstalle into right channel
from SCA, (E) crosstallc into SCA with stereo subearrier 100-percent with L
stereo snbearvier modinlated with L = —R. Systemn 8 not measured in (A) and (F); system 1 not measured in (B)

(C). (D), (E) and (F)

emphasis characteristic of the re-
ceiver since modulation level at the
transmitter is independent of fre-
queney. This assumes a flat fre-
queney  response characteristic in
the transmitter modulation indica-
tion.

Deviations from the correct de-
emphasis curve can be accounted
for in three ways: incorrect re-
ceiver deemphasis time constant;
incorrect phase and amplitude rela-
tionship between the main channel
and subcarrier signal where these
signals are matrixed to provide an
L or R output or at the high-fre-
quency end of the curve the output
decreases at a rate greater than 6
db per octave due to a 15-Kc low-
pass filter used «t the receiver ter-
minals.

The distortion was measured
with R only. L only, L = R, and
I, = —R transmitted at 100 and
50-percent modulation. In each case
two monophonic receivers were
measured and each electrical loud-
speaker output of the stereo ie-
ceiver was measured. All measure-
ments were made with equipment
that measured all residual circuit
noisc as part of the distortion.
When noise and strong subcarrier
components which are fixed are an
appreciable part of the reading. the
distortion may appear to increase
as the modulation amplitude is de-
creased. Direct evaluation of the

88

effect of the stereo channel or over-
all distortion cannot be directly de-
rived from these data since mono-
phonic distortion for the stereo re-
ceiver was not measured. Figures
2A, 2B and 2C show L = R at
100-percent modulation for left and
right outputs and the output of a
high-quality monophonic receiver.

The separation of left and right
channels was measured by trans-
mitting first a right-only signal and
using the output of the right re-
ceiver channel as reference while
measuring the output in the left
channel in db below the right. The

Proponents’ sterco transmitting, measuring and patehing equipment installed,

= R and (F) crossiall: into SCA awith

same procedure was then repeated
in the left channel. In some cases
the output of the undesired channel
exceeds the direct signal indicating
negative separation. This condition
might have been caused by a faulty
matrix system at the receiver and
transmitter. Fig. 3A and 3B show
output of left channel with R only
transmitted and output of right
with L transmitted.

Crosstalk is measured in decibels
below the maximum signal that
could appear in the disturbed chan-
nel. The maximum signal reference
is made at 400 eps. In many cases



the crosstalk readings may have
been limited by residual noise or
hum, in spite of the film filter.

Figure 4A shows crosstalk into
monophonic channel from stereo
subcarrier modulated 100 percent
with L equal to —R. Figure 4B
shows crosstalk into monophonic
channel from SCA subearrier modu-
lated 100 percent. Figures 4C and
4D show crosstalk into left and
right stereo channels from SCA
subearrier modulated 100 percent.
Figures 4E and 4F show crosstalk
into SCA from stereo subcarrier
modulated 100 percent with L equal
to R and with L equal to —R.

There were many indications in
signal-to-noise measurements that
the ratios as measured are limited
by quantities other than the inher-
ent noise present in the transmis-
sion system. However. the meas-
urements are sufficient to indicate
that signal-to-noise ratios better
than 40 db in any case are obtain-
able in all systems operated with at
least 50 microvolts per meter field
strength and despite some inconsis-
tencies, the theoretical considera-
tions seem to be borne out by the
trend established by the measure-
ments.

The oscillographs (Fig. 5) were
taken by a 60-second camera using
a panoramic receiver. The sweep
width is approximately 100 Ke.
This can be checked by counting
5-Kec spectrum components. The dis-
play is logarithmie with the ! am-
plitude spikes 20 db below full scale.

FIG.
nercent, 5.000-cps towne. L

5—Spectrum photographs taken at transmitter. Modulation is 100-
- R. Total bandwidth

is 200-Ke¢. Photos were

mode by butting two 100-Kc¢ bondwidth spectrums: (A) system 1. (B)
system 24, (C) system 2B, (D) system 3, (E) system 4 and (F) system 4A

Panel 5 was unable to make any
measurements in regard to co-
channel and adjacent-channel field-
strength ratios allowable for satis-
factory reception of the desired sig-
nal for the six stereo systems
tested. Such measurements could be
done most conveniently in a labora-
tory where equipment and con-
trolled conditions may be obtained.
It is known that some work has

at transmitter, left, and f-m transmitter with SCA subcarrier gemerator

been done in this respect by other
organizations.

One of the portions of the sys-
tem tests performed was an off-air
recording of each system made at
the three field-strength levels und
in some cases at lower field
strengths. The stereo program ma-
terial (also recorded monophoni-
cally) was a specially prepared test
tape that was used for each such
transmission. Each recording con-
tains portions of the test-tape mate-
rial recorded stereophonically and
monophonically. In addition, the
fourth track recorded the SCA sub-
carrier facility using a musiecal pro-
gram. The subjective evaluation of
these recordings is outside the
terms of reference of Panel 5 and
the Panel is unable to make such
evaluations.

This report contains only field
information. The data has been con-
densed to make its comprehensive
and evaluation by the eommission
casier, No attempt has been made
to draw any conclusions that would
suggest a recommendation of any
one system. The complete report
contains an appendix with technical
comments made by the systems pro-
ponents.
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The Role of High Pressure

New materials are being obtained by transformation, densification and growth
under pressures attained by recently developed high-pressure techniques

RECENT TECHNOLOGY has created
new methods of generating high
pressures. These methods enable re-
searchers to reach pressures of
300,000 bars—1/17 the pressure
estimated to exist at the center of
the earth. As a result of experi-
ments, new insight is being gained
into the action of semiconductors
under pressure, the use of pressure
for altering physical properties of
materials and effects of pressure on
the growth of materials.

Formation of a crystalline solid
such as germanium can be visual-
ized as the result of bringing N
atoms in an orderly three-dimen-
sional array closer together while
maintaining their relative positions.
As the atoms get close, the elec-
trons, which exist in shells of vary-
ing energies outside each nucleus,
will interact.

One effect of this interaction is
similar to what occurs when two
sharply tuned circuits are closely
coupled; increasing the coupling
broadens the frequency response of
each circuit and causes a shift of
two initially identical peaks to one
slightly below and one slightly
above the original peak frequency.
When two atoms begin to overlap,
the interaction between the shells
broadens the energy levels found
in the original atom. This effect is
depicted in Fig. 1.

At the extreme right of Fig. 1
are shown the energy levels asso-
ciated with the original widely
spaced atoms. As the interatomic
distance is decreased, the N origin-
ally identical energy levels broaden
into bands having N levels each and
spaced somewhat apart in energy.

For any given substance, there is
a particular interatomic distance
characteristic of the substance at
normal temperature and pressure.
Thus, for a given substance under
standard conditions we are not con-
cerned with the complete diagram
shown in Fig. 1 but only the part
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corresponding to the interatomic
distance normal for the substance
at 1 atmosphere and 20 C. Thus,
the section of Fig. 1 giving the
proper interatomic distance for
standard conditions can be replot-
ted as shown in Fig. 2, where the
energy bands are shown, not as a
function of interatomic distance,
but with the abcissa indicating
some direction in the erystal itself.

Figure 2 shows the distribution
of energy bands as they might
occur in a typical semiconductor.
The properties of the semiconductor
are determined primarily by the
width of the forbidden gap, and
whether or not additional energy
levels exist in it because of impuri-
ties intentionally or unintentionally
incorporated in the material. It
might be suspected from comparing
Fig. 1 and 2 that application of
pressure to a semiconductor nar-
rows the forbidden gap by decreas-
ing the spacing between atoms. Sur-
prisingly enough, this is not always
the case. In germanium, for ex-
ample, application of pressure wid-
ens the forbidden gap, while the ap-
plication of pressure to silicon
yields only a slight decrease in its
gap width. (On the other hand, at
pressures above 10° bars substances

ENERGY

o ©
INTERATOMIC DISTANCE

FIG. 1—Energy levels are plotted
as distance between atoms with 7.
representing « wvalue of spacing
which might be found at mormal
atmospheric pressure

become metallic, which means that
eventually the gap must always de-
crease with pressure.)

The lowest part of the conduction
band in silicon consists of a collec-
tion of what are known as (100)
states, or energy levels. The effect
of pressure is to move the energy
of these states and those of the
valence band closer together; that
is, the pressure decreases the for-
bidden-gap width. In germanium,
the bottom part of the conduction
band is composed of three types of
states: (100) states which are sim-
ilar to those found in silicon, (000)
states and (111) states.

At atmospheric pressure the
(111) are the lowest states in the
conduction band and, hence, de-
termine the forbidden-gap width.
Pressure applied to germanium
moves the (000) states toward in-
creasing energy vrapidly. The
(111) states also increase in energy
but at a slower rate. However, as
in silicon, the (100) states drift
only slightly down with increasing
pressure. The (111) states, which
define the bottom of the conduction
band at atmospheric pressure,
move away, causing the forbidden-
gap width to increase. The (000)
states have no effect on the gap
width because they start higher
than the (100) states and move
away faster. If sufficient pressure
is applied, however, say between
25,000 and 40,000 bars, the (111)
states move up so far that the
(100) silicon-like states now form
the lower limit of the conduction
band. At any higher pressure, the
forbidden gap behaves strikingly
like that of silicon. Although there
is no direct practical application for
this information now, knowledge of
this behavior provides considerable
information about why silicon and
germanium behave electrically and
optically as they do even at atmos-
pheric pressure.

Pressure is also valuable as a
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In Semiconductor Research

By DOUGLAS WARSCHAUER,

Research Div., Raytheon Co.,
Waltham, Mass.

physical parameter for research.
Pressure and temperature are
fundamental physical variables.
Measurement of silicon and ger-
manium as a function of tempera-
ture involves two things—a change
of interatomic spacing because of
expansion due to temperature, and
a change in the extent to which
many of the physical processes oc-
curring within the substance are
activated by the temperature
change. Pressure as a tool of in-
vestigation allows the effects due to
a change in interatomic spacing to
be observed alone,

Knowledge of the behavior of
germanium and silicon, for example,
correlates very well with observa-
tions on the alloys of these elements.
Adding silicon to germanium
and producing a single ecrystal
from the resulting solid solution
gives a substance whose behavior
Is interpretable in terms of what
is known about the two materials
separately.

If one adds silicon to germanium,
the forbidden-gap width of the
alloy increases (with increasing
silicon content) from that of pure
germanium to that of pure silicon.
This effect is linear up to 18-per-
cent silicon in germanium, at which
concentration an abrupt break
occurs; above 18 percent the change
is linear, but with a smaller slope.

The interpretation of this effect
is that below 18 percent the for-
bidden-gap width is determined by
the position of the (111) ger-
manium conduction-band states, but
as silicon is added these states move
away from the valence band, finally
exposing the initially higher-lying
silicon (100) conduction-band
states at about 18-percent composi-
tion. Above this composition, the
gap behavior is determined by the
(100) states, with the addition of
more silicon having the effect of
driving these states upward.

When pressure is applied to an
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THE FRONT COVER—Sample container is placed in tetrahedral-anvil
pressure apparatus used for high-pressure research at Air Force Elec-
tronics Research Directorate Electronic Material Sciences Laboratory

alloy, it is found that alloys below
18-percent silicon behave in a ger-
manium-like fashion with respect
to the variation of gap with pres-
sure; above 18 percent the pressure
variation is like that of silicon
(smaller) and in the opposite direc-
tion to that of germanium. At
precisely 18 percent the pressure
variation is zero, just what is ex-
pected when the two sets of states
are exactly the same distance from
the valence band. Thus, pressure
measurement verifies the change-
over thought to occur in these alloys.

The intermetallic semiconductors
are binary alloys of one element
from each of the two columns of the
periodic table flanking the carbon,
silicon and germanium column.
These alloys have behavior pre-
dictable in terms of the behavior
of carbon, silicon and germanium
themselves. In fact, there is a cor-

relation between altering the lattice
constant through pressure and
through alloying, so that alloying
may be regarded as providing a
built-in positive or negative pres-
sure, as was shown by silicon-ger-
manium alloys. Properly selected
intermetallic alloys can give pres-
sure behavior almost identical to
their closest elemental relatives in
the periodic table.

Other work on the effect of pres-
sure on impurity levels in the for-
bidden gap and on the character-
istics of Esaki diodes has yielded
considerable information. The nor-
mal rectification characteristic of
a diode is given by the well-known
relation I = I, [exp (gV/kT) — 1]
where ¢ is the charge of the elec-
tron, V is the voltage applied to the
diode, & is Boltzmann’s constant
and T is the absolute temper-
ature of the diode. The constant
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I, is known as the reverse satura-
tion current—the small thermally-
generated current which flows when
the rectifier is strongly reverse
biased. The logarithm of I, is
proportional to the forbidden-gap
width of the semiconductor used,
providing the temperature does not
get too high. More specifically, the
diode equation can be written as

I = A exp (— E./kT) [exp
(qV/kT) — 1]

where A is roughly a constant. It
is now easy to see that if constant
current is passed through the diode
at a fairly high voltage in the for-
ward direction, that is, where the
exponential in the bracket is large
compared to one, and the voltage
across the diode is measured as
pressure on the diode is varied,
q dV/dp = dE./dp.

In other words, the voltage
change will be proportional to the
change in forbidden-gap width with
pressure. This relationship, which
was developed and used some years
ago for one of the first measure-
ments of the gap shift in ger-
manium, was measured again re-
cently' in the large-forward-bias
region of a germanium Esaki diode.
The voltage dependence turned out
to exhibit exactly the pressure de-
pendence of the forbidden-gap
width found earlier in bulk ger-
manium., The curve follows the
behavior of the (111) states mov-
ing away at lower pressures, while
at higher pressures the more sta-
tionary (100) states begin to have
their influence. The agreement is
excellent, almost too good, because
other parts of the Esaki diode char-
acteristics®® exhibit peculiarities
which aren’t understood at this
time even at normal atmospheric
pressure. These other quirks are
being investigated as a function of
pressure too, in the hope of under-
standing how they arise.

The use of high pressure to re-
move voids in sintered or com-
pressed, ceramic or metallic, mate-
rials may lead to denser or stronger
materials with better electrical
properties than are now available.

Use of high pressure to convert
normally insulating or semiconduct-
ing substances to metals is not
practical at this time, because of
the extremely high pressures re-
quired and because the reactions
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are reversible. Transformations of
other types, however, are possible
in solids. Although relatively few
solids have been investigated, there
is some chance of developing new
materials by this means. A solid
may have a stable arrangement of
atoms which nonetheless can be
changed into another configuration
by application of pressure. The
new form may not necessarily re-
vert to the original when the pres-
sure is removed; such a trans-
formation is an irreversible change

ENERGY

CONDUCTION BAND

FORBIDDEN
GAP
VALENCE BM
DISTANCE
+ THROUGH
CRYSTAL

FIG. 2—Emnergy levels in a typical
pure semiconductor

of state and the new state may
have radically different properties
from the original state.

For example, if ordinary white
or yellow phosphorus is subjected
to a pressure of about 12,000 or
13,000 bars with a temperature of
200 C, the phosphorus is converted
to a black form, much like graphite
in appearance and with a density of
2.67 compared to 1.9 for yellow
phosphorus. The material is stable;
at atmospheric pressure and
temperature and sealed in glass to
prevent oxidation, it can be kept

indefinitely without change. More
interestingly, this material is a
semiconductor, while the other

forms are not. R. W. Keyes has
found that the energy gap at room
temperature is about 0.33 electron
volt, smaller than that of ger-
manium, which is 0.65 electron volt.

Measurement of the electron and
hole mobility in his samples, all of
which turned out to be p-type,
yielded 220 cm® per volt-sec and 350
cm® per volt-sec, respectively.

These properties as they stand
make black phosphorus of little use
except possibly for transistor de-
vices which operate only at sub-zero
temperature (for which there is no
known demand). Since this is pos-
sibly the only new semiconductor
stemming from high-pressure work
to date, it cannot be said that high-
pressure investigations have led to
materials of use to electronics en-
gineers, but the possibility of a fu-
ture development should not be
discounted.

Interest in high pressure has
boomed since 1955 when General
Electric announced the successful
growth of diamonds under pres-
sure. The main application of syn-
thetic diamonds has been to grind-
ing material; however, doping
studies are underway. Such studies
may lead to the ability to make
n-type and p-type diamond, and
possibly even p-n junctions. Thus,
diamond might have value as a
high-temperature  semiconductor,
although its rather low decomposi-
tion temperature and high cost
probably would limit its utility.

Yet another material grown
under high pressure is a cubic form
of boron nitride, which is as hard
as diamond and more stable.
Furthermore, boron nitride is
probably a semiconductor, though
little has been done to investigate
its properties. Garnets and other
minerals have been grown under
high pressure also.

Not only are extremely high pres-
sures of value in producing new
materials or materials not previ-
ously grown by man, but moderate,
or even low pressures, can aid crys-
tal growth, particularly in attempt-
ing to grow materials known to
sublime rather than melt when
heated at atmospheric pressure.
Zinc sulfide and cadmium sulfide

have both been grown under
pressure.
REFERENCES

(1) S. L. Miller, M. I. Nathan and A. C.
Smith, Phys Rev Lett, 4, p 60, 1960.

(2) L. Esaki, Phys Rev, 109, p 603, 1958,

(3) B. Sklar, The Tunnel Diode—Its Ac-
tion and Properties, ELECTRONICS, P
54, Nov. 6, 1959.

electronics



Tunnel Diode

F-M Wireless

Microphone

Unit operates

in the conventional f-m band with

a range of 50 to 100 feet.

In this multifunction circuit the
tunnel diode is also the a-f amplifier

By WEN-HSIUNG KO,

Assistant Professor, Electrical Engineering
Dept., Case Institute of Technology, Cleve-
land, Ohio

THIS F-M oscillator-modulator unit
using a single tunnel diode is capa-
ble of producing a 35-Kc¢ frequency
deviation per mv of modulating
signal without any variable react-
ance element. The tested 90-Mc f-m
unit, fed from a dynamic micro-
phone, has a range of 50 to 100 feet.
The total unit including battery and
microphone can be packed in 3 X 3
X % inch. In the laboratory model
the same tunnel diode is used as the
audio frequency amplifier. A gain
of 3 to 5 can be obtained.
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The author wears the f-m wireless microphone
clipped on a pocket during a classroom lecture

Besides the many desired prop-
erties of tunnel diodes, such as high
speed, wide band, and compactness,
it differs from other electronic ac-
tive devices in that it is a two-
terminal bilateral element. It is a
negative-resistance device with no
preferred direction of signal flow.
This unique property is commonly
thought of as undesirable. For ex-
ample, in amplifiers and switching
circuits this presents the difficult
problem of coupling and isolation
of output from input. However, this
property can be used advanta-
geously to obtain multifunction cir-
cuits. In a converter a tunnel diode
can be used as an i-f amplifier, local

The longer of the two tun-
nel diode microphones is
the model with two diodes
in cascade; the shorter one
has a single diode

oscillator, mixer and 1-f amplifier* *.
In an oscillator, a tunnel diode may
be coupled to two or more resonant
circuits to produce oscillations of
different frequencies and their
beats® ‘. The multifunction circuit
is another avenue toward minia-
turizing electronic equipment.
However, a closer look at the
possibility of devising multifunc-
tion circuits indicates that, again,
the separation of signals into dif-
ferent functions is the great prob-
lem. Unless the mixing of signals is
desired, or the signals can be
separated by established techniques,
the multifunction circuit will re-
main an avenue with a big detour
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and d-¢ characteristics of a tunnel diode oscillator; the dashed curve indicates the characteristic with no oscillation (G)

sign, Since the separation of signals
with large frequency difference is
a well-known technique, multifunc-
tion circuits involving signals of
different frequencies would be pos-
sible with the present technique.
Converters and tone-modulated r-f
oscillators are the two examples
that agree with this reasoning.
Modulators, the reverse operation
of the converter, also satisfy the
above requirement. Research on
tunnel diode a-m and f-m circuits
proves that multifunction circuits
for modulators are possible. This
article will discuss the circuits to
produce an f-m signal with a single
tunnel diode.

The oscillator circuit shown in
Fig. 1A consists of the d-c supply.
the resonant circuit, and the tunnel
diode D. The d-c supply should bias
the diode D in its negative resist-
ance region and R should be smaller
than the value of minimum nega-
tive resistance of the diode, R.. The
static characteristic of the tunnel
diode and its sectional linearized
approximate characteristic are
shown in Fig. 1B, together with the
d-c load line. The a-c equivalent
circuit of the oscillator using the
linearized characteristic is shown
in Fig. 1C, which in turn can be
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simplified to the series resonant
circuit in Fig. 1D. Here the R,, R..
and C, are no longer constant but
functions of frequency. At the
resonant frequency of the circuit
f, = 1/2m/,. if IR = R/’ the cir-
cuit will have an infinite Q@ = 1/
Rn/:. ¢, where R, = R’ + (-R/) =
0. If the oscillation is started it will
be sustained. If |R,’| > R, the os-
cillation will grow until it is limited
by nonlinearities that will reduce
the average R, over a cycle of
oscillaticn to the value of R,.

The first case is not a stable one.
If R, is varied due to a change of
surroundings the oscillation will
decay and finally die. The second
case includes most of the practical
oscillators. However, the frequency
now will be smaller than f,. The
parameters determining the actual
frequency will be: (1) L and C,
(2) R, or R’ (including the losses
in coil, capacitor and radiation),
(3) R, and C, (or R and C,’), and
(4) the nonlinear characteristic of
the diode in the range of voltage
and current swing of existing
oscillation,

The first set of parameters is the
one most commonly used to vary
the frequency of an oscillator. It
requires controllable reactances.

The second set is generally con-
sidered as a perturbance rather
than a controlling factor. The third
and fourth parameters depend on
the type of tunnel diode used. For
a given diode they are bias-sensi-
tive. It is reported that C, decreases
with increasing bias in the nega-
tive-resistance region of german-
ium tunnel diodes®. If K, and the
nonlinearities remain constant, the
frequency should inerease with in-
creased bias. This general tendency
is verified experimentally, but it is
believed that the nonlinearity of
the positive resistance region of the
tunnel diode characteristic has an
important role in determining the
relationship between frequency and
bias voltage.

An experimental test of the cir-
cuit in Fig. 1A verified the above
reasoning and indicated that the
frequency is strongly dependent on
bias. The data obtained from an
89.4-Mc oscillator using a General
Electric 1N-2941 1-ma tunnel diode
is represented by the curves in Fig.
1E. The solid-line curve is the
frequency-bias relation. The dashed-
line curve is the approximate rela-
tionship between dF/dV and bias.
It is observed that for maximum
frequency stability the diode should
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be biased near 0.21 v, while for
maximum dF/dV, the diode should
be biased at 0.13 or 0.3 v. In both
cases the dF/dV is about 35 Ke/mv.
Near 0.13-v bias, dF/dV is nearly
constant, but near 0.3-v bias dF/dV
drops off sharply from both sides.

Based on the study of the experi-
mental data, an f-m oscillator-
modulator circuit was designed and
is shown in Fig. 1F. The parallel
combination of R, — R. is less than
the value of the negative resistance
of the tunnel diode and the diode is
biased at 0.13 v. A modulating
source or a dynamic microphone, M,
is connected across the bias circuit
through the blocking capacitor C,
to provide the modulating signal.
The microphone converts the sounds
into a voltage across the bias re-
sistance, and by means of the tun-
nel diode produces the frequency
deviation.

The f-m is produced by the
variation of bias voltage. The
dF/dV is not frequency-sensitive.
This circuit should be able to give
uniform modulation over a wide
band until the stray capacitance in
the circuit alters the effective dV
applied to the tunnel diode. How-
ever, the dF/dV is bias-sensitive.
It is sensitive to the amplitude of
the modulating signal. If the bias
is properly selected it has the effect
of a compressor in that for high-
level signals the average dF /dV will
be smaller than the dF/dV produced
by low-level signals.

When the R = R.R./(R, + R)
is properly selected, the tunnel
diode acts as an audio-frequency
amplifier. The current gain is
R./(R, — R) if the source has a
high impedance and is connected in
parellel with R and the diode®. If
R, is nearly equal to R the gain can
be large. However, in the present
case, the gain cannot be made large
because when oscillation is present
the static characteristic changes as
Fig. 1G shows®. Resistance R, is
now different from (larger than)
the value measured without oscilla-
tion. If the circuit is designed to
give high audio gain, the load line
B in Fig. 1G will cross the tunnel
diode characteristic at more than
one point. The oscillations may not
be stable. When the audio signal is
large, the amplified audio may
swing the operating range out of
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the oscillating region and the oscil-
lation would stop. When the input
signal is limited to small values a
gain of 5 is obtainable from the
tunnel diode.

For practical applications the
dynamic range of audio signals
should be large. To secure reliable
stable operation the a-f amplifier
function of the tunnel diode is not
used to its full capacity. A transis-
tor is used to amplify the audio sig-
nal and at the same time to provide
the bias for the tunnel diode. The
tested circuit is shown in Fig. 2A.
A 1-ma germanium tunnel diode is
used with a three-inch antenna.
Coil L is about 6 pxh, wound of No.
18 silver-plated wire with seven
turns in one inch, and one-quarter
inch in diameter. Capacitance C is
an 18-pf fixed, in parallel with a
10-pf adjustable. The unit has a

(A)
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FIG. 2—Cireuit of f-m wireless mi-
crophone (A); frequency response
of the f-m loop; and cirenit of the
cascade oscillator and f-m modula-
tor (C) using two tunnel diodes

range of about 50 feet with little
noise. The frequency response
measured from the output of a
tuner with, as well as without, a
de-emphasis circuit is plotted in
Fig 2B. If pre-emphasis is desired,
the diode 1N34A in Fig. 2A may be
replaced by the R,C, parallel circuit
shown by the dotted lines. The R-C
time constant should be 75 usec.
When the input impedance of the
transistor stage is z,, and the out-
put impedance of the microphone is
z.. then in order to have a 15-Kc
bandwidth between the 3-db points,
R, should be equal to 9(z, + z,).
For a smaller bandwidth the value
of R, may be reduced, keeping the
R.C, product at 75 psec.

A test was performed to check
the reasoning discussed previously
concerning the dF/dV-bias relation.
An audio tone was kept at a con-
stant amplitude of 5 mv peak-to-
peak and constant frequency of
1,000 cps. The bias was varied from
0.1 to 0.32 v. The relative output
of the tuner was recorded and
plotted in Fig. 1E. The experi-
mental results checked well with
the dF/dV curve obtained from the
frequency bias curve.

An oscillator with an inductance
in series with the main tank circuit
was also tested and found to give
satisfactory results. To increase the
r-f output and to extend the radio
range, an oscillator using two cas-
cade 2-ma germanium tunnel diodes
was built with performance com-
parable to the single tunnel diode
circuit and with a range of over 100
ft. Its circuit diagram is given in
Fig. 2C. Coil L is about 5 ph, half
an inch long and a quarter inch in
diameter, with five turns. Capaci-
tance C is a 45-pf trimmer set at
24 pf.
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Designing Antennas to Include

Parametric amplifier is incorporated within cylindrical half-wave dipole antenna.

Received signal can be amplified at point of interception and output made

available in shielded, balanced or unbalanced, low-impedance transmission line

By ALBERT D. FROST, Director. Antenna Systems Laboratory. University of New Hampshire. Durham, New Hampshire

EFFECTIVE TRACKING of satellites
and space vehicles using Doppler
shift techniques requires adequate
received signal strength. Of more
importance than the absolute signal
level is the ratio of signal to total
noise present in the receiver output.

In an effort to eliminate the com-
ponent of total noise due to internal
receiver noise, the Antenna Systems
Laboratory of the University of
New Hampshire has been develop-
ing several forms of parametric
amplifiers suited to tracking appli-
cations at frequencies used by U. S.
satellites and space probes. In par-
ticular, efforts have been toward
using stripline circuit techniques.

Initial work resulted in several
preamplifier models for use above
200 Mc employing a design based
on the Harris amplifier,’ which uses
a shorted quarter-wave line section
to provide the required resonant
region. However, at 108 Mc the
etched circuit device was ineffi-
ciently large and unlikely to provide
a competitive unit.

It was at this point that the con-
cept was evolved of incorporating
the parametric amplifier configura-
tion within a cylindrical half-wave
dipole and providing the required
resonant regions internally by add-
ing a coaxial center conductor as
shown in Fig. 1B. The outer cylin-
der is the dipole antenna and ac-
quires the signal. At resonance it
provides an alternating charge con-
centration at the ends.

Variable reactance elements be-
tween the outer cylinder and the
inner coaxial region are in the form
of voltage-variable capacitances pro-
duced by reverse-biased 1N 894 or
HPA2800 diodes.” The inner region
exhibits a family of TEM reso-
nances corresponding to the rela-
tively high-impedance transverse
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boundary conditions at each end of
the dipole. The mode of operation
is that in which the output signal
is derived at the same frequency
as the input signal f,. Variation in
the reactance element is produced
by a large amplitude pumping sig-
nal f,. A resonance region must
also be provided for the so-called
idler component, f;, at f, = f, — f..

As shown in Fig. 1B, the center
conductor is divided into two halves
with a thin insulating layer between
the sections. This electrical separa-
tion is necessary to permit separate
bias adjustments of opposite polar-
ity to be made for each of the two
diodes. The lowest or fundamental
resonance of the interior region
must correspond to the operating
or signal frequency. The location
of this resonant condition is estab-
lished basically by the length and
propagation constant of the coaxial
region. In this case the location is
also influenced significantly by the
shunting reactance of the para-
metric diodes, the dielectric effect
of the center conductor supports.
the impedance reflected through the
output coupling loop and the net
series reactance across the gap in
the center conductor. It is through
control of the latter reactance that
the necessary tuning adjustment is
made. A pumping signal is applied
in phase to both diodes through the
center conductor by a twin-contact
coaxial connector (UG-103A/U) in-
dicated as P, in Fig. 1B.

The complete network is shown
schematically in Fig. 1C. The
branch L, C, is series resonant in
the vicinity of f, and by adjustment
can provide a positive or negative
impedance to yield a net gap im-
pedance for cavity resonance at f..
Bias is applied through inductors
Lr which are self-resonant at f,.

Capacitors C’ serve as r-f bypass
paths. The pumping frequency is
selected to correspond to an even-
order resonance mode such as the
sixth. Due to the influence of the
shunting end-capacitance and, to a
slight extent, the gap reactance,
this mode is located at a frequency
somewhat below 6f,. Adjustment of
the fifth order TEM resonance to
equal (f, — f.) is accomplished by
adjusting the L, C, branch so that
the combined effect of these ele-
ments and the others in this net-
work provide the appropriate gap
reactance at f..

The signal output is extracted by
a loop oriented to enclose a portion
of the circumferential magnetic
field within the coaxial region.
Stripline sections external to the
resonant region connect the ends of
the loop to a twin coaxial contact
plug P. These sections can also
serve for impedance transformation
or incorporation of an idler fre-
quency filter array. It is important
that the idler component circulate
in a resonant region having min-
imum losses since the presence of
such loss will result in reduced gain
and increased self-noise in the out-
put. These losses can arise from
resistive losses, radiation or the ex-
traction, and subsequent dissipa-
tion, of a portion of the idler
through coupling to the signal out-
put loop.

To reduce the last mentioned loss
mechanism, the output loop is con-
structed with an effective length
equal to a full wavelength at the
selected idler frequency. If neces-
sary, a low-pass filter with its cut-
off frequency above f, can be in-
cluded in the output line which
should be terminated so as to reflect
a matched resistive load into the co-
axial cavity at the signal frequency.
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Parametric Amplifiers
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FIG. 1—DParametric amplifier antewna for 108 Me (A) has coavial center conductor and output coupling loop (B);
coupling network (C) between ponping signal sowrce and midpoint gup in center conductor includes bias connections
and tuning elements for adjusting required eavity resonances

In a controlled negative-resistance
device with an input and output at
the same frequency. care must be
exercised to hold the pump level at
the minimum required to achieve
desired gain and to optimize the lo-
cation of the pumping signal fre-
quency and the idler as discussed
above. A typical curve of gain of
a parametric amplifier antenna over
a passive dipole of the same length
is shown as a function of frequency
in Fig. 2.

Simultaneous application of a
forward bias to each parametric
diode results in a decrease in ampli-
fier gain of 10 to 50 db. This is due
to inhibition of the parametric am-
plification action and detuning of
the interior resonant cavity. By
superimposing a switching wave on
the operating bias. it is possible to
switch or gate an amplifier at a
periodic rate or to selectively switch
a group of such antennas in a de-
sired sequence. The switching
waveform amplitude must be sufli-
cient to produce low forward resist-
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ance (the OFF condition) while not
exceeding maximum current limita-
tions. Initial experiments have used
switching rates up to 20 Kec. and
at that point appear to be limited
in effectiveness only by the band-
width of the associated receiver.

In summary, the parametric am-
plifier antenna permits amplifica-
tion of a received signal directly
at the point of initial interception,

PUMP FREQUENCY =603 MC

GAIN [N DB

1 1

107 108
FREQUENCY (N MC

FIG. 2—Gain relative to that of

pussive dipole designed for 108 Me

either as a dipole or as the signal
collecting element in a Yagi, disk-
on-rod or other surface-wave array
or at the focus of a parabola. The
bias requirements for the diodes
present a means whereby the an-
tenna amplifier can be switched on
or off as desired. An unmodulated
input signal can be chopped at a
selected rate for filtering and syn-
chronous detection in the associated
terminal equipment.

Other forms of these antennas
using quarter-wave dipoles or dual
ground-plane slots are now under
investigation.

The author appreciates the con-
tributions made by R. R. Clark
and R. Harrington. This work was
carried out under the sponsorship
of the Air Force Cambridge Re-
search Center, Electronics Research
Directorate.
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Precision Ultrasonic Velocity
Measurements

ONE TECHNIQUE for precision
measurement of ultrasonic veloc-
ity in liquids and solids uses a sing-
around system. This article de-
scribes an improved sing-around
system® that is capable of detecting
ultrasonic velocity changes two
orders of magnitude smaller than
possible with previous sing-around
systems.

In the original sing-around sys-
tem?®, an electrical transmit signal
is applied to an ultrasonic trans-
ducer on one side of a sample. An
ultrasonic signal traverses the
sample, striking the receiving ultra-
sonic transducer on the opposite
side, which generates an electrical
signal. This electrical signal re-
triggers the transmitter and the
process repeats indefinitely. The
time required for a large number
of sing-around cycles is measured
with an electronic timer, while an
electronic counter counts the num-
ber of sing-around cycles. By sub-
tracting the electronic delay from
the total delay, the acoustic travel
time is obtained, which for a given
sample thickness determines veloc-
ity. A small change in travel time
is detectable because it is multiplied
by a large known number in the
process of being measured. This
system is capable of detecting veloc-
ity changes of about 2 parts in 10°
or larger. The present system
detects velocity changes of about
one part in 10" or larger.

A block diagram of the system,
excepting the timing -circuits, is
shown in Fig. 1, with explanatory
waveforms. Ten-megacycle quartz
crystals function as ultrasonic
transducers. Instead of using the
leading edge of the first acoustic
through-pulse, gating circuits select
a particular cyele of a particular
echo to retrigger the transmitter®
This procedure results in a large
ratio of acoustic delay to electronic
delay in a sing-around cycle, mini-
mizing the effect of electronic delay
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variations; it increases the path
length and relative attenuation of
echoes from preceding sing-around
cycles, preventing interference;
and permits a fast-rising large-
amplitude trigger to be obtained,
minimizing effects of noise, jitter
and drift.

A tandem delay circuit is used
rather than a single delay, to mini-
mize the effect of delay instability.
The narrow gate, which selects the
desired cycle in the selected echo,
is delayed a fraction of a micro-
second with respect to the leading
edge of the selected echo rather
than several tens of microseconds
with respect to the transmit pulse.

The transmitter which appears
in the dashed box on the left in
Fig. 1, is shown schematically in

Fig. 2A. The free-running blocking
oscillator is not part of the sing-
around circuit proper, but provides
trigger pulses on open-loop opera-
tion while the operator adjusts the
delay circuits for proper operation.
The transmitter uses a Philips
EFP-60 secondary-emission pen-
tode in a regenerative pulser circuit
to produce a 20-v, 35-nsec pulse.

The trigger generator, which
appears in the dashed box on the
right in Fig. 1, is shown schemat-
ically in Fig. 2B. Electrical echo
signals generated by the receiving
transducer are amplified in a 10-
Mc tuned amplifier, then passed
into the trigger generator. Sync
pulses from the transmitter, de-
rived from the transmit pulse, are
passed through an external delay

[ rransmtTeR ] I[____?RTG_GE G_E»EA_TOR____}
FREE- + TRIG-
: RUNNING SYNC GERED | | 5pSEC ey e A I
BLOCKING OUTPUT | Ao IBLOCKING DELAY
| 0sC ‘5" 0S¢ iy gt |
[ I
| | | a I
I START l | |
| | | 0-0.25- | |
TRIGGER | BET ECHO 3] usec ||
AmMPL [ SELECT | |VARIABLE | |
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FIG. 1—Each number in the block diagram of the sing-around system
refers to the signal at that point, as shown by the waveforms. The timing

circuits are mot shown
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FIG. 2—Schematics of transmitter (A) and trigger generator (B)

line before triggering the time-
delay generator in the trigger gen-
erator. The delay line minimizes
recovery-time requirements of the
monostable multivibrator time-de-
lay generator. A monostable multi-
vibrator wide-gate generator is
triggered by the trailing edge of the
pulse from the time-delay genera-
tor, to produce the echo-selecting,
wide-gate pulse. The echoes are de-
tected before entering the echo se-
lector circuit, which is a series
transistor coincidence circuit. The
selected echo is delayed in a 0 to
0.25 usec variable delay line before
18,
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triggering the narrow gate genera-
tor. The variable delay is adjusted
to permit the narrow gate to bracket
a selected cycle in the selected echo.
A one-shot multivibrator precedes
the blocking oscillator narrow-gate
wenerator to prevent multiple firing
during the relatively long rise time
of the selected echo. The 0.1-usec
narrow gate pulse is then combined
with the undetected echo in a fast,
series transistor coincidence circuit
to obtain the trigger output pulse
which retriggers the transmitter.

The timing system and illustra-
tive waveforms are shown in Fig.

ECHO BUFFER

CYCL SEL

3A. A modified comercial counter
counts out a preset number n
of sing-around cycles, where n
can equal 10% 10‘. 10" or 10" A
timer, using an internal 10-Mc
crystal-controlled oscillator as a
reference, measures the time elaps-
ing during the n sing-around cycles.

The auxiliary circuitry shown
minimizes readout variations. All
syne inputs occur simultaneously
with transmit pulse generation that
initiates each sing-around cycle.
Assume that readout of both
counter and timer has just con-
cluded with the timer automatically
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resetting last. A timing interval be-
gins only when coincidence between
a sync pulse and a negative peak of
the 10-Mc reference occurs, usually
within 10 or 20 sing-around cycles
after timer reset. This procedure
eliminates nearly 0.1 usec uncer-
tainty in the duration of the timed
interval. The start-pulse generator
starts the timer which in turn
starts the counter.

Although it is possible to permit
a pulse from the appropriate
counter decade to stop the timer at
the conclusion of = sing-around
cycles, a variable period of several
microseconds is required for the
cumulative triggering delay of the
counter decades. Instead it is
arranged that the (n-1)th sync
pulse will open a gate, permitting
the nth sync pulse to shut off the
timer. An extra pulse is injected
into the counter immediately after
the beginning of the measured
interval, causing the counter to
read one more than the actual
number of sing-around cycles dur-
ing the counting period. Thus the
counter indication reaches » when
the (»-1)th sync pulse arrives,
whereupon the stop gate is gener-
ated and the counter immediately
stops itself; the timer is then
stopped by the nth sync pulse as
desired. The total uncertainty in
the time measurement is about
+0.06 usec. Thus if n is selected

to make the timed interval at least
0.6 second, 1 part in 10" resolution
or better may be attained.

The counter control unit, which
incorporates the auxiliary counting
circuitry, is shown schematically
in Fig. 3B. The timer start-pulse
generator is again a fast, series
transistor coincidence circuit, which
insures that the measured interval
will begin within 10 nsec of a nega-
tive peak of the reference signal.
The stop-gate generator is a one-
shot multivibrator that keeps the
series 1N97A diode from passing
the blocking oscillator negative
sync pulse, except when the multi-
vibrator is fired. The extra pulse
generator is also a one-shot multi-
vibrator.

The system stability is indicated
by the fact that during a 12-minute
check on a silver single-crystal
sample, with longitudinal waves,
and readout occurring at seven-
second intervals, timer readings
were constant within 5 parts in
10° for over four minutes, within
1 part in 10" for over 10 minutes
and within 2 parts in 10" for the
entire run, Part of the instability
is attributable to frequency drifts
in the 10-Mc reference, quoted as
3 parts in 10" per week and meas-
ured as 5 parts in 10° over a 10-
minute interval. Sample tempera-
ture drifts are also of significance:
0.001 F sample temperature drift

results in approximately one part
in 10" velocity change in silver at
ambient temperature. Environ-
mentally-induced readout varia-
tions due to velocity changes may
be partially masked by readout
changes due to simultaneous ultra-
sonic attenuation changes. The
minimum detectable velocity change
depends on the magnitude of the
accompanying attenuation change
and how accurately one knows the
amount of phase shift introduced
when electronic attenuation varia-
tions are made to compensate for a
change in ultrasonic attenuation, to
give the same electrical echo am-
plitude.

The system has been used to
measure the change in the velocity
of longitudinal waves in vanadium
when going from the normal to the
superconducting state at 4.2 K. A
velocity change of 5 parts in 10°
was measured® with a reproducibil-
ity better than 10 percent.
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OSCILLOSCOPE BAR CHART

Monitors Sixty Channels

Missile operation data

1s plotted in

bar-graph form on
17-inch cathode-ray tube

By E. R. JABLONSKI,

Senior Project Engineer,
Consolidated Avionics Corp.,
Westbury, N. Y.

BAR-GRAPH PRESENTATION on a 17-
inch oscilloscope permits continu-
ous visual monitoring of 60 differ-
ent analog signals simultaneously.
The signals, each representing a
data channel, are fed sequentially
to the vertical input of the oscil-
loscope. A synchronizing step volt-
age is fed to the horizontal input
to locate the bar for each channel in
a fixed position on the screen.

This bar-graph oscilloscope is
used at the control console of a new
mobile data processing system re-
cently delivered to the Army Ballis-
tic Missile Agency and used with
the Saturn and Jupiter missile
projects. The system accepts ana-
log information from the missile,
and processes and records it on
magnetic tape for transmission to
an IBM 704 computer.

Up to 215 channels of low-level
analog data from transducers can
be fed into the data-processing sys-
tem. The signals are conditioned
to make them compatible and are
routed and combined. Facilities are
provided for recording and meter-
ing the input channels prior to con-
version to digital form.

An electromechanical/electronic
commutator samples 60 conditioned
analog data channels at 600 samples
a second. One of the 60 channels
carries timing information. Each
channel is sampled 10 times a
second by sequentially energized
high-speed relays.

Each bank of 12 relays feeds a
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Diode biasing controls signal gate (A). All three axes of

oscilloscope are used (B)

d-c amplifier that is followed by a
semiconductor switch. The relays
are wired so that each of the five
d-c amplifier/semiconductor switch
chains sees every fifth data channel.
Thus, each looks at 12 different
signals, 10 times a second. The
resulting five output signals, occur-
ring at 120 pps, are paralleled to
form a train of 600 pulses a second.

Two of the 12 sampling relays
associated with one d-c amplifier/
semiconductor switch chain are
shown in A. When either relay is
closed, the proper signal is fed to
the d-c¢ amplifier. The amplified sig-
nal is fed to the semiconductor
switch, shown in simplified form.
The signal cannot get through to
load resistor R, when the diodes D,,
D., D, and D, are biased to oppose
an input signal.

The multivibrator, when trig-
gered by a channel gate signal, ap-
plies opposing voltages through D,
and D.. This permits the signal to

reach R, The relays are energized
for several channel gate times, al-
lowing the contacts to reach a stable
closed position. Then the semicon-
ductor switch, keyed for a much
shorter time, allows the signal
sample to get through.

As shown in B, the commutated
signals are fed to the analog-to-
digital converter that sends on pow-
ered analog signal samples of the
same amplitude as the ones re-
ceived. These signals are filled in
by the 6-k¢ modulator and fed to
the vertical scope input. Another
modulator feeds a signal to the
Z-axis input of the scope. By vary-
ing the amplitude of this signal,
the brilliance of the illuminated bar
may be adjusted. Individual Z-axis
signal controls and switches enable
dimming or blanking any of the 60
vertical bars.

A Federal 1735-D oscilloscope
with a rectangular, medium-per-
sistence 17-inch crt was used.
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FIG 1—Criterion of infinite impedance is met if loop
gain is unity (A). Connection for trimming goin is
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source; (G) two-box floating current source :

BLACK
(G) 80X 2
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Photograph illustrates worl on « d-c operational amplifier. The same amplifier, in o
Tully transistorized version, is shown in the background

POSITIVE-FEEDBACK LoOPS with a
gain of unity can be useful as in-
finite-impedance unloading circuits,
for precision voltage-source to cur-
rent-source conversion, and for the
division of impedances. Figure 1A
shows an unloading loop with in-
finite input impedance. Analysis of
this loop illustrates basic principles
that apply to the other configura-
tions as well.

Summing currents at the input.
I. = I, — I.. By inspection of Fig.
1A, since the summing junction is
at zero potential, I, = Ii./aR and
I, E F.)/bR. However, .
= F./a; thus I, = (Ey/R) (1/a —
l/ab + 1/b) = (EJ/R) [(a + b
— 1) /ab].

Ifa + b = 1, then I. = 0 and
FE. sees an infinite impedance. Thus
the current /. supplied by E. into
the black box will be zero when
a + b == 1, that is if the loop gain

is unity when the load (in this
case the signal source) is discon-

nected. It would appear from this
that the combinations of a and b
are virtually unlimited, but such
is not the case. If amplifiers 1
and 2 are d-c amplifiers such as
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are used in analog computers, only
a finite output voltage V, is avail-
able. If a gain considerably greater
than 1 is chosen for one of the
amplifiers, a voltage swing greater
than 17, may be demanded, and this
would cause the amplifier to over-
load.

Stability is another important
consideration for the black box in
Fig. 1. A positive-feedback loop
with a gain of unity and a phase
of zero will be unstable. Thus, if
the signal potentiometer is dis-
connected, the loop will saturate. If,
however, the signal potentiometer
is left connected to the input
terminal (whether excited by a
signal voltage or not) it will lower
the loop gain and stabilize the loop.

Figure 1B shows one way in
which the loop can be set up.
Potentiometer » together with the
input rvesistor to amplifier 2 per-
mits the loop to be accurately
trimmed to unity gain. If the loop
gain is too high, the potentiometer
is set below its center; if too low.
the potentiometer is set above its
center.

The infinite impedance loop can

be used to read or transmit the
voltage stored in a capacitor with-
out discharging it. If a capacitor
charged to E. is connected to the
input terminal, the voltage F./a
can be read at the output of am-
plifier 2. An application would be
measuring of long-term leakage
on polystyvrene capacitors.

The black box will have infinite
input impedance if a + b = 1. Thus
aR 4+ bR = R. In Fig. 1B the
resistors aR and DR have been re-
placed by a precision resistance
divider box whose total resistance
is R. Regardless of where the slider
is placed. the condition for infinite
input impedance is met.

The voltage at the output of am-
plifier 1 will be F, = — (E:/a)
and correspondingly, the voltage at
the output of amplifier 2 will be
Ey = — B + (FEg/a). where 1/a
may be varied from unity to a value
approaching the open loop gain of
the amplifier. Since these are op-
erational amplifiers. their output
impedances may be considered to
be zero.

The black box, therefore, has in-
finite input impedance, zero output
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impedance and variable gain. With
idealized computing amplifiers, gain
can be varied from minus infinity
to plus infinity depending on which
amplifier is chosen as the output
amplifier. These properties give
the black box a universality of ap-
plications beyond those already sug-
gested.

One application of the black box
is in impedance division. Figure
2A shows an impedance Z, driven
by a source voltage E, and drawing
a current Iy. If the impedance is
lifted off ground and returned to a
low impedance generator — kE; as
shown in Figure 2B, the current
drawn from the source will be modi-
fied to (1 + k) I« and the equiva-
lent impedance Z. seen by the
source will be Z, = Eg/[(1 + k)
Ii] = Zo/(1 + k).

If k& is greater than 0, the origi-
nal impedance is divided by a num-
ber greater than 1 and the imped-
ance seen by the source is lowered.
If &k is less than 0 the original
impedance is divided by a number
less than 1 and the impedance seen
by the source is increased. When
k takes on negative values with
magnitude greater than 1 a nega-
tive impedance is obtained. The
circuit is thus useful as a Q mul-
tiplier.

Figure 2C shows the circuit ele-
ments connected to the generalized
black box. Since the box has an
infinite input impedance it may be
connected to the upper terminal
of the impedance Z, without dis-
turbing the current through it.
With this connection it is possible
to obtain a precise value of — kE;.
When the lower terminal of the
impedance is connected to the out-
put of the first amplifier in Fig. 1C,
impedance division results.

By nature of the circuit, quantity
k must have a magnitude greater
than one. To obtain |k| = 1, it is
necessary to use an output ampli-
fier with adjustable gain. This am-
plifier is shown in Fig. 1E con-
nected to the black box. It is con-
nected to the output of the first or
the second amplifier in the box, de-
pending on whether a decrease or
an increase of impedance is desired.

When resistors aR and DR are
replaced by a precision resistance
divider box as indicated in Fig. 1C,
it is possible to obtain precise, con-
tinuous division of the impedance
Z over a broad range. With input
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voltage level chosen to prevent the
amplifiers from overloading, a divi-
sion range of 100 to 1 is feasible.
This is useful in obtaining large
apparent values of capacitance for
thermoelectric models.

When % is negative (Fig. 1D),
the impedance Z, is in parallel with
one of the resistors that determine
the loop gain. The net effect will
be to make the loop gain greater
than unity. For stability, therefore,
the impedance of the source should
be low enough to bring the gain be-
low unity.

In Fig. 1F the loop is modified
to obtain a black box precision cur-
rent source. Major advantage of
this application is that load, Z.,
may be connected to ground or to
an arbitrary voltage. A second ad-
vantage of the two-amplifier loop
as a precision voltage-to-current
source converter is that no approxi-
mations need be made; the current
is exactly proportional to E'.. Thus
it is possible to obtain precise con-
trol of the current in a gyro Mi-
crosyn from a voltage source.

Load impedance Z, sees an in-
finite-impedance source. The cur-
rent through the load impedance is
independent of Z,, and may be cal-
culated by assuming Z, = 0. Then
E, =0, E. = — (E;/c) and the
current in the load is simply
E./bR. Since the source impedance
is infinite, even if Z, is not zero
the current in the load is I, =
(E./bcR). If the input voltage E.
is introduced at amplifier 1 instead
of amplifier 2, then I, = + E,/bcR.
The loop gain, neglecting the load
resistor, is unity. This will be satis-
fied bya + b = 1.

SOURCE

(C)

FIG. 2—Original impedance is shown
m (A); impedance is modified by
adding generator (B); functional
representation of impedance divider
or multiplier (C)

A floating precision current
source can be obtained by two such
circuits. (See Fig. 1G). If the cir-
cuit constants a, b, and ¢ are chosen
to be equal for both black boxes,
the current will be I, = E,/bcR.

An analysis of the precision cur-
rent configuration illustrates the
instability of the unity gain loop
when the signal source impedance
is disconnected. In Fig. 1F the
current I, in the load impedance
will remain constant as 7, is in-
creased. The voltage at the junction
of resistors aR and bR will increase
accordingly, since it is equal to
1./Z,.. As Z, is increased towards
large values (open circuit), a volt-
age 1,Z, will be reached where the
voltage demanded out of amplifier
2 will exceed the maximum voltage
the amplifier can supply.

The smaller I,, the larger the
permissible value of Z,; but even if
I, is close to zero, Z, must still be
less than infinite.

Thus, if the unity gain loop is
not loaded by a finite impedance, the
amplifiers will saturate.

The infinite input impedance cir-
cuit in its various forms has par-
ticular application as a laboratory
tool.

The following are typical:

In analyzing thermo-electric
models of a missile, large values
of capacitance are required. With
the impedance divider circuit odd
values of capacitance in the several
hundred microfarad range can be
obtained to accuracies of 1 percent.

Using the basic unloading circuit,
it is possible to measure long-term
leakage on polystyrene capacitors
without loading by the measuring
circuit. This same circuit also acts
as a power-gain stage.

Precise control of the current in
a gyro Microsyn by means of a volt-
age source is made possible by the
precision current connection; at the
same time it becomes possible to
ground one end of the Microsyn, a
facility which typical constant-cur-
rent sources do not provide.

While the black box discussed has
been analyzed with d-c operational
amplifiers, it may also be instru-
mented with a-c feedback amplifi-
ers, tube or transistorized. The
black box thus provides the feasi-
bility of infinite input impedance
transistor amplifiers, eliminating
the need for transformer coupling
into the input stage.
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RESEARCH AND DEVELOPMENT

Duplicating Transmitted Binary Signals

By D. H. BRYAN, Hawthorne, Calif.

BINARY encoded signals that have
experienced filtering effcets in
transmission can be reproduced so
that a fixed time relationship is
maintained with the original trans-
mitted pulses. Exact reforming of
the pulses is made possible by in-
corporating a clock generator at the
receiving end. Its frequency is kept
equal to that of the clock generator
at the transmitting site.
Transmission of binary encoded
information over narrow-band lines
or radio links causes significant in-
creases in rise and fall times, as
shown in Fig. 1. To reproduce the
square waves transmitted, a
Schmitt trigger controlled by the
received signal had been used. How-
ever, because of the filtering effects,
the leading and trailing edges of
output from the Schmitt circuit did
not have a fixed time relationship
with those of the transmitted
pulses, as shown in the figure.
This difficulty was overcome with
the circuit shown in the block dia-
gram in Fig. 2. The blocking oscil-
lator provides clock pulses to the
flip flop. Output pulses from the
Schmitt circuit are also sampled by
the flip flop so that its state is de-
pendent on both clock and Schmitt
trigger output. If changes in
Schmitt trigger output do not oc-
cur on an average at the time that
a clock pulse is generated, repeti-
tion frequency of the blocking oscil-
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