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you need from

#p 202A Function Generator,
0.008 to 1,200 cps.

Source of transient-free sine,
square and triangular waves,
frequency continuously variable

- through 5 bands for electrically

simulating siiechanical, physi-

cal, medical phenomena. Sta-
bility within 1%, distortion less
than 1% up to 100 cps. Sine,
square or triangular waves se-
lectable by front panel switch.
Output 28 mw or 30 v p-p/4,000
ohms. dp 202A (cabinet), $550.00;
# 202AR (rack mount), $535.00.

% 205AG Audio Signal Generator, 20 cps to 20 KC.

Six basic instruments combined
in one for high power audio
tests, gain measurements. Two
voitmeters measure input and
output of the device under test.

Output 5 watts, adjustable. Out-
put impedance selected by front
panel switch. @& 205AG (cabi-
net), $600.00; @ 205AGR (rack
mount), $585.00.

#p 50A Test Oscillator, 10 cps to 10 MC.

Metered output flat within 1 db
full range. Voltage range is
0.00003 to 3 v. 600 ohm imped-
ance, voltage divider furnished

for 6 ohm impedance. Distor-
tion less than 1% to 100 KC. ¢
650A (cabinet), $550.00; (ﬂp 650AR
(rack mount), $535.00.

hp

fp 206A Low Distortion Audio Sig-
nal Generator, 20 cps to 20 KC.

Distortion less than 0.1% makes
the & 206A ideal for use in test-
ing of FM broadcasting units

/

®

#» 202C Low Frequency
Oscillator, 1 cps to
100 KC.

Especially convenient for
measurements in the
subsonic, audio and ul-
trasonic regions such as
vibration, electro-cardio-
graph, electro-encephalo-
graph. Distortion less
than 0.5%, hum voltage
less than 0.1%, short re-
covery time. Output 10
v/600 ohms. # 202C
(cabinet), $300.00; &
202CR (rack mount),
$305.00.

and high fidelity audio systems.
Metered output, variable in 0.1
db steps, 415 dbm into 50, 150,
600 ohms. & 206A (cabinet)
$900.00; # 206AR (rack mount).
$885.00.

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California. Area Code 415, DA 6-7000

Sales and Service representatives in all principal United States
areas; Europe, Hewlett-Packard S.A., Rue du Vieux Billard No. 1,
Geneva; Canada, Hewlett-Packard (Canada) Ltd., 8270 Mayrand

Street, Montreal.

CIRCLE 900 INSIDE FRONT COVER



Gef the exact fest signal

Hewlett-Packard pioneered and developed
the resistance-capacity oscillator, available
today in these versatile instruments.

A feature of the R-C oscillator circuit is its
automatically varied negative feedback which
provides low distortion, excellent frequency
response and amplitude stability. R-C oscilla-
tors are extremely simple to operate and, be-
cause of their high stability and wide fre-
quency range, require no tedious resetting or
adjustment during operation. They are light-

€ 204B Portable Oscillator,
5 cps to 500 KC.

Use it on the bench, carry it
anywhere. This solid state port-
able oscillator offers battery or
optional ac operation, is small
and lightweight, gives you high-
ly stable signals from 5 cps to
500 KC. Internal heat is small,
warmup drift is negligible. Out-
put is fully floating, isolated
from both power line ground
and chassis. The 204B will drive
balanced and unbalanced loads
and loads referenced either
above or .below ground.

@ 204B maintains excellent
frequency stability even with
rapidly changing loads. Frequen-
cy stability over the entire 5 cps
to 500 KC range is better than

weight, portable, compact in size. Depend-
able operation is assured by clean, simple
circuitry and painstaking construction from
quality components.

Hewlett-Packard’s years of experience in de-
sign and development of oscillators, plus con-
tinuous improvement of components and
manufacturing techniques, assure you of the
most dependable, rugged, useful oscillators
available today.

' 200AB Audio Oscilla-
tor, 20 cps to 40 KC.

Ideal for amplifier test-
ing, modulating signal
generators, testing trans-
mitter modulator re-
sponse. Covers its range
in four overlapping
bands. Simple operation,
just three controls. No
zero setting required.
High stability, with accu-
rate tuning circuits. Out-
put 1 watt (24.5 v) into a
600 ohm load. & 200AB
(cabinet), $165.00; &
200ABR (rack mount)
$170.00.

+0.03%/°C from 0° to 55°C. Output is flat within +3% at all
settings of dial and range switch. Distortion less than 1%, hum
and noise less than 0.05%. Output 10 mw (2.5 v rms) into 600
ohms; 5 v rms open circuit. é 204B, with batteries, $275.00. AC
operation optional, $25.00 extra.

& 200cD Wide Range Oscillator,
5 cps to 600 KC.

Subsonic to radio frequencies covered
in five overlapping decade bands.
Used for testing servo and vibration
systems, medical and geophysical
equipment, audio amplifiers, video
frequency circuits, etc. 85 dial divi-
sions for reading convenience. Distor-
tion rating less than 0.5% below 500
KC. Output 160 mw (10 v/600 ohms);
20 v open circuit. & 200CD (cabinet),
$195.00; % 200CDR (rack mount),
$200.00.

CIRCLE 900 INSIDE FRONT COVER

# 201C Audio Oscillator,
20 cps to 20 KC.

Especially designed for
testing amplifiers, speak-
ers, cross-over networks,
this high power oscilla-
tor offers an output of 3
watts or 42.5 v into 600
ohms over its full fre-
quency range. Response
is 1 db full range. Atten-
uator adjusts output 0 to
40 db in 10 db steps, pro-
vides either low imped-
ance or constant 600 ohm
impedance. & 201C (cab-
inet), $250.00; #p 201CR
(rack mount), $255.00.
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FLEXIBLE GLASS bundle transmits thermal radiation to auto-
matic two-color pyrometer. The system, built by Armour Re-
search Foundation for measuring temperatures of rocket nose
cones during reentry, will use fiber optic bundles to monitor
outer skin of missile, send signals on uneven heating to correct

reentry attitude. See p 37 COVER

NAECON Shkews Gains in Molecular Circuits. Computers are now
being built with integrated circuits. The list of circuits made
as one unit continues to grow. IRE president predicts a billion-
dollar molecular circuits market in the 1970’s

MILLIMETER-WAVE DEVICES. Reports at National Aerospace
Electronics Conference indicate that millimeter-wave devices
have not only passed the feasibility stage but that they are get-
ting ahead of applications. Among the laser papers: setup to
modulate and demodulate laser beam

NAVY’S RDT&E BUDGET FOR 1963 Totals $1,474 Billion. To
meet the threat of enemy submarines carrying long-range mis-
siles, Navy is stepping up antisubmarine warfare R&D. Here
is a fact-packed summary of projects that will generate military
electronics developments during the next few years

GERMAN ELECTRONICS Industry Spotty. Though the experts
said it would be a major growth industry, output is dropping.
One reason is growing competition from U.S. and British
imports. German manufacturers hope industrial electronics will
perk up sales

THERMOPLASTIC RECORDING Tapes Radar Data. Direct re-
cording from video signals promises high-density, high-resolu-
tion technique. Analog and wideband recording methods are
being worked on

FIBER OPTICS for Electronic Engineers. The wedding of elec-
tronic and optical techniques has produced many important and
versatile system developments. Fiber optics now promises to
widen the scope of electro-optical applications. This new tech-
nique s attractive in data processing, display devices, image
handling, and lasers. By G. V. Novotny
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EXTENDING TUNNEL DIODE OPERATING FREQUENCY.
By proper matching of the microwave impedance of the external
circuit to the negative impedance of an S-band tunnel diode,
successful operation was achieved at X-band. The method can
extend use of commercially available diodes into the millimeter
wave region. By K. Ishii and C. C. Hoffins, Marquette University

VOLTAGE-VARIABLE BANDWIDTH FILTER. Two-tube cir-
cuit has voltage-controlled, continuously-variable bandwidth be-
tween 200 Ke¢ and 15 Mc centered at 30 Me, introduces near-zero
insertion loss. Device extends range of a military radar system
by varying the bandwidth as a function of signal strength.

By R. B. Hirsch, RHG Electronics Laboratory

43

46
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By J. R. Woodbury, Stanford Research Institute 53
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CROSSTALK

SPREADING CONFUSION. Part of the basic
training of every engineer of any -caliber is
blowing fuses. He should be proficient in fuse-
blowing by the time he is 14 or 15.

Next in his training, the young engineer is
confronted with the ridiculous contradictions of
transmission lines. They permit themselves to be
joined with large chunks of metal, under the
guise of supporting brackets maybe, but defi-
nitely without any undue protest or blown fuses.
It is a grave source of doubt to the young engi-
neer and he can’t always be mollified by explana-
tions about nodes and antinodes and analogies
with vibrating strings.

Later, the would-be engineer comes across
waveguidery. This sorts the men from the boys.
He emerges from this contact determined to be
a dentist, or he will plod on, come what may, to
the bitter end.

And now, the witcheraft is compounded. Not
cnly can you pump electricity down pipes, but
visible light, that former touchstone of scientific
incorruptibility, has fallen too. No longer is the
shortest distance between points A and B the
path that a beam of light would travel between
them: the weakening of fundamental principles
has spread. Now light will go around corners,
travel in circles and perform just about any con-
volution that fiber optics demands of it. This up-
setting of optical first principles would have
Issac Newton working nights rewriting Optiks.

George Novotny, an Erectronics’ editor
with a taste for the fallen-from-grace story,
has penetrated the Frankensteinian laboratories
and has come up with a six-page revelation.
Among the other facts that he tells us in this
issue about the degradation of visible light is
that a tube of fiber optics can have individual
fibers so small that waveguide-like transmission
ensues instead of continual reflection from the
fiber walls. This means that you could pull out
the core of the individual fibers, leaving just
about nothing, and the performance of the whole
ripe is improved.

As if trying to grasp all the consequences of
the wave-versus-corpuscular theories wasn’t
enough!

In fact, the unusual behavior of light in a pipe
even puzzled the discoverer (in 1870), the British
physicist, John Tyndall. Shining light into a tank
of water, he saw the light carried by a thin
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stream issuing from a hole in the side of the
tank. It was then thought that this was a way of
making light travel in curves, instead of straight
lines. Today we know better. While the pipe
may be curved, the light—so far at least—still
travels in straight lines, bouncing down the
inside of the pipe.

Once understood, light pipes caught on. But
it was a long time before the more complex pos-
sibilities of fiber optics took hold, although a
patent for a “bundle of light pipes” was granted
in 1930.

The illustration above is rated an early ex-
ample of fiber optics trickery, dating all the way
back to 1953. The principle of scrambling letters
by mixing up the fiber bundle was used then in a
secret message coder devised for the Dutch navy.

In the actual coder, thousands of fine fibers
convert the message into a random scattering
of dots. The scrambled message can be read by
simply reversing the bundle, but a spy would need
to know the alphabet and type used and perform
a random analysis on a computer.

Today, our military plan to use fiber optics to
couple the stages of night-warfare image inten-
sifiers so sensitive that individual photons can
be seen striking the screen. In medicine, thin
fiber probes take color movies of patients’ vis-
cera. Video processing, data display, scanning,
image concentration or expansion are among the
many other important uses now emerging.

These applications depend upon using a bundle
of many fibers to manipulate light. For the
future, fiber optics experts see the field going
far beyond flexible fiber bundles, opening possi-
bilities for optical computers, fiber lasers and
long-distance communications at optical frequen-
cies using fibers as waveguides.

When that day comes, our young friend—the
embryo engineer—will really have something to
ponder over.



(ADVERTISEMENT)
New Bridge Design
For Safe, Accurate,
Easy Measurement
of Capacitors

TheSprague Model 1W1 Capacitance
Bridge introduces a new concept in
bridge design. Built by capacitor en-
gineers for capacitor users, it incor-
porates the best features of bridges
used for many years in Sprague lab-
oratories and production facilities.

Special Features

For Greater Accuracy

The internal generator of the 1W1
Bridge is a line-driven frequency con-
verter, and detection is obtained from
aninternal tuned transistor amplifier-
null detector, whose sensitivity in-
creases as the balance point is
approached. It has provision for
2-terminal, 3-terminal, and 4-termi-
nal capacitance measurements, which
are essential for accurate measure-
ment ... +19% of reading + 10uuF
. . . of medium, low, and high cap-
acitance values, respectively. :

No Damage to Capacitors

The model 1W1 Capacitance Bridge
will not cause degradation or failure
in electrolytic or low-voltage ceramic
capacitors during test, as is the case
in many conventional bridges and
test circuits. The 120 cycle A-C volt-
age, applied to capacitors under test
from a built-in source, never exceeds
0.5 volt! It is usually unnecessary to
apply d-c polarizing voltage to elec-
trolytic capacitors because of this
safe, low voltage.

Complete Specifications Available
For complete technical data on this
precision instrument, write for En-
gineering Bulletin 90,010 to Techni-
cal Literature Section, Sprague Elec-
tric Company, 35 Marshall Street,
North Adams, Massachusetts.

45-433
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COMMENT

Lasers and Peace

In the Comment column of May
18 (p 4), Clarence Stephans of the
Newark College of Engineering
prefaced his advertisement for a
series of engineering seminars with
the remark that recent articles on
lasers have played up their death-
ray possibilities, and have neglected
to mention the applications of las-
ers in manufacturing.

If Mr. Stephans is referring to
the ELECTRONICS series on lasers
[p 389, Oct. 27; p 40, Nov. 3; p 81,
Nov. 10; p 54, Nov. 24], then he
didn’t read it as closely as I did.
Checking it again just now, I find
only two references to the laser as
a death ray, both of them in the
Nov. 10 issue, a total of four sen-
tences, in the middle of two dozen
pages on the use of lasers in land
and space communication, medical
applications, space exploration,
computer memories, and basic opti-
cal research.

Mr. Stephens takes to task ‘“re-
cent articles in business periodi-
cals” because they fail to mention
laser “effectiveness to industry for
metal removal.” I believe that the
only connection so far of the laser
with metal removal has been to drill
microscopic holes in razor blades, as
a demonstration. What is so effec-
tive about a punctured razor blade?

R. L. SMITH
New York, New York

Our thanks to reader Smith for
setting the record straight regard-
ing military versus other uses of
lasers. We’ve also reported that
high-intensity optical beams have
a future, too, in metalworking
(p 21, March 2, and p 8, March 23,
for example), for cutting, welding
and other operations requiring
clean, high-intensity heat. Those
punctured razor blades merely in-
dicate possibilities.

All-Channel TV Receiver

Regarding the Federal Commu-
nications Commission’s all-channel
television receiver legislation: it
may not be too late to also consider
some modern engineering refine-
ments—at very long last—such as
the following :

(1) Shielding against local r-f

from other services than tv.

(2) High-pass filtering integral
with vhf and uhf inputs.

These two items should do much
to reduce the mental anguish
caused by tv interference, and
further educational tv—should they
be applied to all receiving equip-
ment offered to the public.

If placed on the drawing-board
in time, these two very simple
sound' engineering practices could
be applied for pennies.

DaAvip H. ATKINS
Los Angeles, California

The Earadio

Your comment on the letter by
R. A. Purifoy in the April 20 issue
(Comment, p 4) told him that his
idea for a locket-sized electronic
music box is not yet possible, ac-
cording to the present state of the
art of miniaturization.

This is undoubtedly true; aside
from the electronics involved, it
would take a long piece of recording
tape to play a musical number at
a speed that would allow decent re-
production. And making the device
cartridge-loading, as Mr. Purifoy
suggests, would increase the size.

Why not take advantage of pres-
ent hardware and techniques and
make a radio receiver to fit in the
ear? 1 recently saw an advertise-
ment for a hearing aid that would
fit in the ear, so why not a radio?

Despite your deploring the fact
that many of today’s young people
keep an ear glued to a transistor
radio, nothing will keep them from
it, not even a law like the French
regulation you mentioned, which
forbids playing a radio in the street
or subway.

The teenage market is a vast one,
and an inexpensive “earadio” could
be worth a fortune to the manufac-
turer who gets there first.

- K. MoRI
New York, New York

Earadio or electronic music-box
locket, it still amounts to mass
hypnotism, and puts the listener
in such a trance that he is barely
sure of where he is.

Life must surely be difficult for
a teenager if he can’t go for a walk
without having to resort to an ear-
fulsome radio to escape from it
all, into the dream world of “oooh-
baby, ¢’mon ’n twist!”

electronics



TUNG-SOL
PRESS-FIT DIODES
RATED TO

30 AMPS

NEW RELIABILITY/ECONOMY IN SILICON RECTIFIERS

Now it is possible to have the advantages of the
most reliable stud-mounted diodes with the con-
venience and economy of press-fit assembly.

COMPACT, SMALL SIZE, INTERCHANGEABLE.
Available in both polarities; one heat sink can carry
more than one diode. Easily installed with hand
tools or automatic machinery. Eliminate the need
for mounting hardware.

RELIABILITY. Tung-Sol 30 amp press-fit silicon
rectifiers are available as types 1N3659-1N3665, with
ratings and characteristics as indicated below. The
only press-fit diodes with welded cases and
ceramic-to-metal seals to minimize leakage and re-
sist thermal shock. Environmental testing through
thousands of operational thermal cycles verifies
stability of characteristics. Also available are lower
current rectifiers in the same construction, types
1N3491-1N3495.

Electrically these units are the equivalent of the
best available stud mounted diodes with compara-
ble ratings. Write for complete technical information.

Tung-Sol Electric Inc., Newark 4, N.J. TWK: NK193

% TUNG-SOL

1N3659 IN3660 1N3661 1N3662 IN3663 1N3664 1N366S Unit

Transient Peak

Reverse Voltage. ,.... 100 200 350 450 600 700 800 v
Repetitive Peak

Reverse Voltage...... 50 100 200 300 400 500 600 <V
Max. Rectified

,Output Current

@ 100°C. case ... ..... 30 30 30 30 30 30 30 A

@ 150°C. case....... 25 25 25 25 25 25 25 A

Max. Peak one-cycle

Surge Current 60 cps.. 400 400 400 400 400 400 400 A
Max. Full Load Reverse

Current, Full Cycle

average, 150°C.case. 50 45 40 35 30 25 20 mA

Max. Operating Tem-
perature Range....... —65°C.to + 175°C.

INTEGRATED CIRCUITS.
Tung-Sol supplies modular
rectifier assemblies which em-
body the many practical fea-
tures of the press-fit diodes.
Typical is the single phase
bridge assembly shown; from
a package measuring only
1%6” x 34" x 3'2”, outputs to
55 amperes are possible.

SALES OFFICES: ATLANTA, GA.; COLUMBUS, OHIO; CULVER CITY, CALIF.; DALLAS, TEXAS; DENVER, COLO,;
DETROIT,MICH.; IRVINGTON, N. J.; MELROSE PARK, ILL.; NEWARK, N.J.; SEATTLE, WASH. CANADA: TORONTO, ONT.
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to simplify your communications work— Sierra's wide

—wave analyzers ava:tab!e for
off the~shelf ﬂehvery

General purpose Model 125B

Continuous tuning, 3 to 620 KC Price: $895.00

Variable selectivity, + 250 cps
and + 2500 cps

Flat AC voltmeter, 1 to 620 KC Carrier reinsertion Model 125B-CR

Permits aurally monitoring ssb
Frequency accuracy, 1 KC i suppressed carrier
. £ y ’ Price: $995.00

Measuring accuracy, 1 db

Carrier rack fast patch
Model 125B-Y

Front-panel connector for use
with Western Electric Type O
and N carrier

Price: $955.00

100 KC built-in crystal
calibrator
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ELECTRONICS NEWSLETTER

At EIA: Failure and Truce for Semiconductors

CHICAGO—H. M. Evans, chairman of the Electronic Industries
Association’s credit committee, told EIA’s 38th annual conven-
tion last week that failures in the industry have reached a 28-year
high. In the year ending April 30, 56 manufacturers and 38 distribu-

tors closed shop.

Evans mostly blamed inadequate
management. Most new components
manufacturers, particularly in solid
state, he said, were launched by
engineers who may not have suffi-
cient business and sales experience.
Component firms led the list of
failing manufacturers.

Industry sources at the meeting
generally thought that the shakeout
in solid state would continue apace
and that failures would remain
high in 1962.

However, while increasing use of
distributors may cause local price
cutting, the feeling was that tran-
sistor and diode prices have finally
“bottomed out.” One sales executive
said the only radical price drops
would be in new components such
as integrated circuits.

George W. Keown, EIA tube and
semiconductor division chairman,
blamed 1961 sales decreases in those
components on increasing tost-con-
sciousness by government and in-
dustrial purchasers. In 1960-1961,
transistor unit sales rose from 128
million to 191 million, but volume
dropped from $301 million to $300
million.

West Sees Nine Percent
Sales Gain During 1962

LOS ANGELES—Latest Western Elec-
tronic Manufacturers Association
survey projects 1962 sales for the
11 western states at $3.3 billion,
a gain of nine percent over 1961
and one-fourth estimated national
sales.

Predictions for 1962 by area are:
greater Los Angeles, $1.8 billion;
northern California, $730 million;
San Diego and Arizona, -each $185
million; Pacific northwest, $175
million, and the rest of the west,
$147 million.

Western electronics employment
is expected to rise 17,000 to 230,-
000. William Miller, WEMA presi-
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dent, said this is a 40 percent
increase in three years. The number
of graduate engineers has risen
from 17,500 in 1957 to 38,500 today.
Southern California has 60 percent
of total employes, 137,000.

Horne Succeeds Davis
As President of EIA

CHICAGO—Charles F. Horne, presi-
dent of General Dynamics’ Pomona
and Electronics division and a GD
senior vice president, was elected to
succeed L. Berkley Davis, of Gen-
eral Electric, as EIA president. A
retired rear admiral, Horne served
as a communications and electronics
officer.

Parametric Oscillation at
Optical Frequencies Seen
THEORETICAL calculations made by

a group at MIT under C. F. Townes
indicate that parametric oscillation

at optical frequencies can be
achieved.
Electromagnetic radiation at

half-frequency will appear if a non-

Two Bills Move Up

WASHINGTON—The Senate Com-
merce Committee last week ap-
proved two Dbills previously
passed by the House of Repre-
sentatives (p 12, May 11):

One is the all-channel tv re-
ceivers law which would require
tv sets to receive 70 uhf as well
as the vhf channels. The other
is the aet providing for estab-
lishment of a satellite communi-
cations system

linearly polarizable material is
driven at an optical frequency. If
gain is sufficient to sustain oscil-
lation, the subharmonic component’s
power approaches that of the fun-
damental. If a high-power, far-
infrared laser pumps the material,
output in the near-infrared region
is substantial.

Such a laser is now under con-
struction, say MIT scientists, for
further experiments in nonlinear
effects at optical frequencies.

Hydrofoil Subchaser Gets
Special Computer, Radar

COMPUTING and attack-plotting sys-
tem for the Navy’s hydrofoil
subchaser has been delivered by
General Precision’s Librascope divi-
sion. The system will show the crew
where the craft is, where the target
is and at what point the craft
should launch its torpedoes. It can
also automatically track a target.

The subchaser, being built by
Boeing, will go more than 40 knots
when raised on its hydrofoils. Sonar
bearings to a submarine will be
taken when the craft is down in
the water.

Raytheon last week announced it
has received a contract to develop
the subchaser’s radar system. It
will use a bright display and image
storage to provide the history of
a target track. A similar Raytheon
scope presentation is being used
by the Coast Guard in an experi-
mental harbor navigation system
(ELECTRONICS, p 76 and cover,
May 18).

Highways in the Sky
For Sound Waves, Too

ATMOSPHERIC physicist with the
Army Missile Support Agency told
the Acoustical Society of America
meeting in New York last week
that sonic waveguides exist at alti-
tudes to 30 miles and between 30
and 80 iiles.

Abnormally high temperatures
tremendously increase speed and
duration of sound in the ducts, ac-
cording to Marvin Diamond. Sound
travels swiftly eastward in winter,
westward in summer, bends toward
earth at different points, depending
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on the time of the year.

Diamond thinks it possible to
establish recording stations to de-
tect and analyze sound coming from
great distances. The ducts were dis-
covered by rocket probes. It was
recently reported that r-f ducts also
exist in the atmosphere (p 8, May
11

Navy Sets Up Navigation
Satellite Ground Units

NAVY has established a group to op-
erate its navigation satellite sys-
tem. The unit, to be headquartered
at Point Mugu, Calif., will have a
computer center, a satellite tracking
station, and will maintain ground
and satellite equipment. Tracking
stations will also be located at Min-
neapolis, Winter Harbor, Me., and
Wahiawa, Hawaii.

British Showing Their
Microminiature Circuits

LONDON—Among the new and ex-
perimental products to be displayed
this week at the International In-
struments, Electronics and Auto-
mation Exhibition were:

Thin-film deposited circuits un-
der devclopment for the Ministry
of Aviation; 15-stage shift register
with 34 transistors, 90 diodes, 162
resistors and 64 capacitors, in a
matchbox-size assembly, by Mul-
lard; experimental solid circuits
and integrated tunnel diode mem-
ory elements, by Standard Tele-
phones and Cables; dice-sized, six-
transistor recording modules for
rockets, by McMichael Radio; 10-
pound, battery-operated tv camera,
by EMI Electronics.

Four-Sensor Detector
Sorts Seven Weathers

RAIN, DRIZZLE, hail, sleet, snow,
freezing rain or freezing drizzle
are identified and measured with a
four-sensor weather detector sys-
tem developed by Thompson Ramo
Wooldridge. The kind of precipita-
tion is indicated by the output
from all sensors and from tempera-
ture and other data.

In one sensor, light reflection
from particles is focused on a

photodiode, indicating reflectivity
of particles and how often they are
falling. In another sensor, the
change in a tuning fork’s frequency
indicates ice accumulation.

An array of piezoelectric crystals
in an impact sensor tells how big
the particles are. The fourth sensor
also uses crystals, arranged to de-
tect how much a particle bounces.

Sporadic-E Experiment
Goes Up on Schedule

LANGMUIR PROBE experiment to
measure daytime sporadic-E (p 18,
May 25) was launched as scheduled
last Friday. The probe, designed
by Geophysics Corporation of
America, was among a payload of
213 pounds on an Aerobee rocket
fired from NASA’s Wallops Station,
Va. Three Goddard Space Flight
Center Experiments were also car-
ried. The rocket went up 152 miles.

Hope to Get 10-Year
Life in Space Radio

SYLVANIA has received a $380,000
Air Force contract to develop a
feasibility model of a communica-
tions set for second-generation
satellites and spacecraft. The com-
pany indicated it could build a sys-
tem able to operate continuously for
10 or more years.

The model will contain a solid-
state multichannel transmitter and
receiver. Narrow-beam phased-
array antennas will be used for
communications signal acquisition
and tracking, to prevent mechani-
cal movements causing satellite
tumbling and to guard against hos-
tile interception of transmissions.

Lear Stockholders Vote
For Merger with Siegler

LEAR, INC., shareholders last week
approved the merger of Lear and
the Siegler Corp. Siegler stockhold-
ers were to vote yesterday. Their
merger would give the new com-
pany, Lear-Siegler, Inc., annual
sales of more than $200 million.
The company would be headquar-
tered in Los Angeles. Plants are
located in seven states, West Ger-
many and Switzerland.

In Brief : . .

FEDERAL AVIATION AGENCY has be-
gun awarding research contracts
for a supersonic transport plane.
Among $2.66 million in initial
contracts announced last week
was $111,250 to Cornell Aero-
nautical Lab to study feasibility
of self-adaptive control systems.

ENGINEERS JOINT COUNCIL is issuing
a report, “The Nation’s Engi-
neering Research Needs, 1965-
1985,” based on a two-year study.

CONTRACTORS for the Navy’s radio
station in Australia (p 7, May
25) will be Deco Electronics,
Continental Electronics Mfg. Co.
and Holmes and Narver.

GREECE is getting a 500-mile, 17-hop
microwave radio net. It will be
installed by Standard Telephones
and Cables, London, for about $3
million.

TWO COMPANIES announced pur-
chases of components firms. P. R.
Mallory is buying Tyco Semicon-
ductor Co. Sprague Electric has
acquired Sky-Borne Electronics.

ADVANCED TECHNOLOGY LABS will de-
sign and produce infrared hori-
zon scanners for Gemini, the two-
man spacecraft.

LIMITED WAR electronic command
and control system requirements
will be studied by Martin under
a $225,000 contract.

SYSTEMS CONTRACTS include one for
a Titan II missile procedures
trainer, to ACF, and one for $1
million of communications-iden-
tification-navigation systems for
F-105 fighter-bombers, to Collins
Radio.

NASA has awarded Documentation
Inc. a $1.2 million contract to
provide a space and aeronautical
sciences information center serv-
ing NASA and its contractors.
The edp center will be in Beth-
esda, Md.

MARCONI, of England, will supply
the Norwegian Air Force with a
two microwave radar links for
$1.4 million.
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New From Sprague!

® T0-18 CASE
ECDC Type XT-300

LOGIC  TRANSISTOR
"NON- UNIVERS‘A[" SWITCH!

® Specifically designed to meet your challenging ultra-high-speed

needs for “next generation” computers!
® No need to compromise on any key parameters!

® Combines the best of diffused collector and electro-chemical
technology in one superlative logic device!

Compare the XT-300 with Present-day Selected “Bests...

CHARACTERISTICS 2N779A 2N964 XT-300
BVces @ Ic = 100 pA 15V min, 15V min. 25 V min,
BVceo @ Ic = 1TmA 12V min. 6V min. 12 V min.
lcgo @ Ve = 6V 3 A max, 3 1A max. 3 1A max.
hgg @ Ic = 50 mA, Veg = 1V 40 min, 40 min. 40 min.
Vg (SAT) @ Ic = 50 mA, Ig = 5 mA .18 V min, .35V min. .18 V min.
Vge @ Ic = 50 mA, Ig = 5 mA «6 V max, 75V max. .6 V max,
fr @ Ic = 20 mA, Ve = 1V 200 me min, 300 mc min. 300 mc min,
t (on) @ 'Isc, T 10m'2'7"v':; (: ﬁ:;og ‘;h;“; " 60 nsec max. 50 nsec max, 50 nsec max,
t (off) @ IIBi: 10m1¢iBRL==.23 50 ?nzhms 120 nsec max. 85 nsec max, 85 nsec max,

For complete information, write Product Marketing Section, Transistor

Division, Sprague Electric Company, Concord, New Hampshire.

SPRAGUE COMPONENTS

TRANSISTORS

CAPACITORS

MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS THE MARK OF RELIABILITY
MICROCIRCUITS TOROIDAL INDUCTORS ELECTRIC WAVE FILTERS

45-436

®
INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE
PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co,
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There’s

power a'plenty
in

Niagara Mohawk can deliver all the power your plant will ever
need. This power is available now, and will continue to be
available, everywhere within our 22,000 square mile area because
we are building the facilities to keep ahead of the demands for
low-cost electric power in Upstate, N. Y.

Wondering about costs ?

Would you like to know how much your electric power would
cost if you located a plant in Upstate, N. Y.? We can give you
an accurate estimate once we know where you plan to locate;
whether you will furnish all facilities to take delivery and at
what voltage; your probable maximum demand in KW; your

probable power factor; your probable monthly consumption in
KWH.

We’ll compute the bill without cost or obligation and in
complete confidence. Just write or phone Richard F. Torrey,
Director of Area Development, Niagara Mohawk Power Cor-
poration Dept. E-6, 300 Erie Blvd. West, Syracuse 2, N.Y...
Phone GRanite 4-1511 (Area Code 315).

10 CIRCLE 10 ON READER SERVICE CARD

W Light area on map
4N indi

X indicates
Niagara Mohawk
service Territory

Your one best source of information
about the EMPIRE UP STATE

NIA \(|;I' ARA
iy
Qk\\\“mllﬁ

MOHAWK

INVESTOR OWNED * TAXPAYING
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Gamewell made a Master Pot with these characteristics: resistance, 31,500 ohms

l\
(nominal); total angle, 359.5°; resolution, .000055 (or approximately 1 minute of ‘E.
arc); linearity, #=.01° zero based; cam corrected; O.D., 8"; thickness, 2”; shaft, \

1/4"; alignment boss, 1" x 1/16”; and an anodized aluminum finish. This
extremely accurate precision potentiometer demonstrates our ability to
manufacture pots to meet the most demanding specifications — such as
might be necessary on a trip to the moon. Write and tell us about your
special pot problems. Chances are they can be solved by Gamewell's
YES service — *yourengineeredSDeciaIs service.

THE GAMEWELL COMPANY, ELECTRONICS DIVISION, 1617 CHESTNUT ST., NEWTON UPPER FALLS 64, MASS. A SUBSIDIARY OF E. W. BLISS COMPANY
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WASHINGTON OUTLOOK

HOUSE WAYS AND MEANS COMMITTEE put an escape
clause into the trade expansion bill before passing it last week. The
President would no longer be the sole judge of whether a company or
an industry gets tariff protection. As the bill goes to the House floor,
the President would receive a recommendation from the Tariff Com-

TARIFF mission. If he rejected the recommendation, Congress could override
him by a two-thirds vote. Companies would have to show real damage

BILL GETS from imports to an entire operation, not just one product.

ESCAPE The language giving the President power to negotiate tariff cuts of
50 to 100 percent for products on the “zero list” was left practically

CLAUSE intact. However, the committee deleted reliance on standard interna-

tional trade classifications to list these products (world trade con-
trolled 80 percent by the U.S. and European Common Market) and
there is no written-in method of determining them. Companies would
have more time to find out what products may face 100 percent tariff
cuts in deals with the EEC.

DEPARTMENT OF DEFENSE is expected to decide within a

few weeks whether to make changes in Project Advent, Army’s com-
munications satellite system. The Centaur liquid-hydrogen-fueled rocket

CENTAUR ~ that was supposed to put Advent into orbit next year is almost two
SNAGS vears behind schedule. Advent’s weight may be cut so it can be launched

by an Atlas-Agena-B combination, able to loft 600 to 700 pounds into
ADVENT synchronous orbit. Advent’s exact weight is classified, but it has pyra-

mided to over 1,000 pounds. Pentagon technical personnel say advanced
electronics could scale it down. Another alternative is to wait a couple
of years for the Air Force’s Titan III booster.

RENEGOTIATION ACT RENEWAL for four years is shap-

ing up as a cut-and-dried matter. The House Ways and Means Com-
mittee has given industry five weeks to submit written comments on

EXCESS the administrations recommendation to extend the law. There are no
plans now for hearings. The law, expiring June 30, provides for govern-

PROFITS ment recovery of “excessive profits” on defense contracts.
Industry has asked that incentive contract profits be exempted or
STAY PUT granted special consideration. New Pentagon procurement policies will

favor such contracts to boost contractor performance.

Some defense officials privately support an amendment on incentive
profits, but the administration has officially rejected the idea, and it
has little if any congressional support.

PRESIDENT KENNEDY asked House and Senate leaders to

reverse a restriction on overhead or indirect costs reimbursable to

LIMIT universities under government research grants. A 15-percent restriction
is in the House-passed Defense Appropriations Act and in pending
RESEARCH appropriations for AEC, NASA and National Science Foundation. If
the House won’t go along Senate pressure for a more liberal policy is
REFUNDS expected to peg the restriction at about 20 percent. Universities and

administration science advisors say the restriction would force uni-
versity subsidy of government basic research.
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Now! These features—in STANDARD UT
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!

Model 11020, Soft Tube Modulator, $5,560

«— Model 15101, TWT Supply, $9,925

Modulators! TWT Supply!

® Widest pulse width ranges available ® Regulation +%%

e Complete coverage, including MW tubes ® Built-in, floating grid

® Extensive use of solid-state devices pul.se fnodulzftion

@ Variable repetition rate and pulse width . SB‘:xl;:)tl-;n VACHIn pENP

® Built-in meters and viewing connectors e Built-in, floating DC
for all principle parameters filament supply

Check these specs for yourself:
G 2

MODULATORS

Model Peak Power Pulse Width  Maximum Pulse Freq. Droop Rise Time
Number Output (usec) Duty Cycle  (pps) %/usec (usec) Price

10003 —4.5KVat2A 0.25t0 2.2 0.002 200-4000 1% 0.1 $2,450
10004 —4.5KV at4A 0.25t0 5.0 0.001 100-2500 2% 0.1 $2,925
10005 —9KV at 4A 0.25t0 5.0 0.001 100-2500 1% 0.1 $3,850
10010  —16KV at 16A 0.25t05.0 0.001 100-2500 2% 0.1 $5875
11020 —18KVat20A 05,1.0&20 0.001 200-2000 5% 0.1 $5,560
11040 —33KVat33A 05,1.0&20 0.001 200-2000 5% 0.1 $9,650

TWT SUPPLY
DC Output: —2to —12 KV DC at 75 ma.
Regulation: 0.5% max. for 95 to 135 V line variation, 0.5% max. from no load to full load.

Grid Pulse: 0 to 600 V peak, 0.25 to 2.5 microseconds pulse width, 0.1 microsecond
max. rise time. Internal repetition rate generator variable from 400 to 4000
pps, or by external trigger input. Maximum duty cycle 0.005.

D.C. Bias: 0 to 250 V at 15 ma.
D.C. Filament: Oto10Vat5A.
= = S

Call your local rep or write us for complete data sheets. Ask, too, for our free catalog of
over 600 microwave instruments and components. Address: Dept. E-1-18.

W -y

Plainview, L.. 1., New York

microwave corporation AreaCode 516 GE 3-9000
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NIRW
SILICON TRANSISTORS
EROM
L0

ACTUAL SIZE

Silicon power transistors in a TO-37 package

Delco's unique new family of silicon NPN power transistors combines the bene-
fits of miniaturization (T0-37) and light weight with the ability to withstand
continuous junction temperatures of up to 175°C while operating at these ab-
solute maximum ratings: collector diode voltage Vcb 100 volts; emitter diode
voltage Vebo, 4 volts; collector current, 1 amp.; base current, .2 amp. This en-
tire 2N2340 family is particularly useful where moderate power handling capa-

bilities are required in a miniature package. The units have just two mounting
holes and may be mounted with leads up, down or sideways on either side of the
heat sink. Available in either single or matched units, they're characterized by
low saturation voltage and high switching speeds. The transistors in this family
are especially well suited for military or industrial applications in regulated
power supplies, square wave oscillators, servo amplifiers and core driver circuit-
ry. For complete engineering data, or applications assistance, write or call our
nearest Sales Office or your nearest Delco Radio Semiconductor Distributor.

¥ Gai fae @ 250 ma .
Number IC Max. Vebo Veeo @ S|a(;t Max. Min.—MzT. @ IC % %typicaT; Thermal resistance of 8°C/watt max. Typi-
cal Alpha cutoff of 15 Mc
2N2340 1A 50V 40V 4 @ .75A 10— 40 @ .75A 900 ke
‘! 2N2341 1A 50V 40v & @ .75A 40—100 @ .75A 550 ke Rise Time of .2u seconds—.75A, IB=40 ma
B 1A 100V 6V 3V @J5A  10—40@.J5A N0k (e, MG BpeasemtsiGe
I 0 Veb=2v Reb=37(Q))
| 2N2343 1A 100V 40v 2.5V @ .75A 40—100 @ .75A 550 ke

Detroit, Michigan
57 Harper Avenue
TRinity 3-6560
AREA CODE 313

Union, New Jersey
324 Chestnut Street
MUrdock 7-3770
AREA CODE 201

UPton 0-8807
AREA CODE 213

General Sales Office: 700 E. Firmin, Kokomo, Indiana, GLadstone 2-8211—Ext. 500 « AREA CODE 317 « Division of General Motors
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Santa Monica, California
726 Santa Monica Blvd.

Syracuse, New York
1054 James Street
GRanite 2-2668
AREA CODE 315

Chicago, Illinois

5750 West 51st Street
POrtsmouth 7-3500
AREA CODE 312

[DELCO
RADIO
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A connectorful
of reliability...
not one drop of solder!

Twelve minutes crimping time to assemble this 100-circuit AMPin-cert Series “A” Pin and
Socket Connector! And no solder pot haze or hot iron smoke will hide the fact that time
savings is only one advantage of this crimp, snap-in type connector. An AMP Automatic tool
will turn out 800 to 1000 of these connections per hour with no chance of hit or miss relia-
bility. Every connection is identical—crimped that way with precision controlled pressures
that make a homogeneous mass of wire and terminal. Every connection is corrosion and
vibration resistant. Each has tensile strength almost equal to that of the wire itself. All are
safely recessed in the block. And there are other features:

plating of .0005” gold over nickel
wire size range #22-20, #26-24

configurations of 50 or 100 positions
glass-filled Diallyl Phthalate inserts

cadmium plated aluminum shells complete hardware
alpha-numerically coded inserts, sealed for (35 PSI)
front and back unsealed for less critica! applications

What an AMP Automatic Tool and AMPin-cert Contacts can do to a solder assembly line
makes interesting reading in both product performance and profit. AMP has the facts and
figures to prove it! Get them today! Complete information will be sent on request.

AMP

INCORPORATED
Harrisburg, Pennsylvania

AMP products and engineering assistance are available through
subsidiary companies in: Australia ® Canada e England
France ® Holland ® Italy ® Japan ® Mexico ® West Germany

CIRCLE 15 ON READER SERVICE CARD
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You’'re looking at more than a horizon. It's a future, yours
and America’s. Out there is Europe and Latin America and
Asia and Africa. But in 1960, of all U.S. manufacturers, less
than 5% saw these foreign shores for what they are worth:
a 19-billion-dollar export market, a vast source of foreign
trade.

Move in for your share. Build your business and help
keep America growing. Extra production creates more jobs,
helps balance the outflow of gold, and wins new friends
abroad with U.S.-made products.

Even if you've never sold overseas, you have a rare op-

There's business out there.

portunity to start—now. Your U.S. Department of Commerce
will help with counsel by experts on what, where and how to
sell—with data on credits, payments and financing. A pack-
age of invaluable know-how is yours for the asking.

Now's the time to discover the many ways in which your
business can grow. In the lucrative export markets. In new
U.S. markets. In developing new products. In attracting new
industry to your community. Just write or phone the U.S.
Department of Commerce Office of Field Services in g8,
your city, or Washington 25, D.C. They are ready to %f
help you grow with America! %

NOW'’S THE TIME TO GET GROWING IN A GROWING AMERICA!

16
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NEW BR-5 RELAY COMPLEMENTS

OTHER BABCOCK. SERIES

The new BR-5 is smallest of the precision relays that
Babcock manufactures. Despite its small size, it feas
tures the same rugged dependability and operating
versatility that distinguish all Babcock products.

Most airborne, undersea or ground support requires
ments can be satisfied by Babcock’s standard line of
relays, while other requirements are met by special
variations. The following relay series show typical
performance characteristics of Babcock's standard

product line.

BR-5 MICRO/MICROMINIATURE DRY CIRCUIT

TO 1 AMP SERIES

Contact Rating: 1 amp res. @ 32V DC,
.050 @ max. ¢ Contact Arrangement:
SPDT e Vibration: 30g, 40 to 3000 cps;
0.4” DA, 10-40 cps * Shock: 125g, 11
millisec, ¢ Life: 100,000 operations
min. @ 1 amp, 125°C. « Military Spechk
fication: meets MIL-R-5757D.

BR-7 SUBMINIATURE DRY CIRCUIT TO

POWER SWITCHING SERIES

Contact Rating: 2, 5 and 10 amp res.
@ 28V DC or 110V AC, 400 cps * Con«
tact Arrangement: SPDT, DPDT ¢ Min,.
Pull-in Power: 80 mw/pole, derated tg
50 mw ¢ Header Styles: plug-in ters
minals, solder hooks, 3”7 printed circuit
leads.

Contact Rating: 2 amp res. @ 32V DC
or 115V AC, 400 cps; | amp inductive
@ 32V DC + Contact Arrangement;
SPDT or DPDT ¢ Dry Circuit: 1ua @ 1
mv, 100 € max. contact resistance ®
Size: .360” x .790” x .870” high (cure
rent sensitive, 1,190” high).

BR-5 SERIES

BR-7 SERIES

BR-8 MICROMINIATURE CRYSTAL CAN SERIES

BR-8 SERIES

BR-9 SUBMINIATURE MAGNETIC LATCHING SERIES

Contact Rating: 5 and 10 amp res. @
28V DC or 110V AC, 400 cps * Contact
Arrangement: DPDT ¢ Header Styles:
10 pin or 8 pin polarized * Holding
Coils: separate or series operation,

BR-9 SERIES

BR-12 MICROMINIATURE ULTRASENSITIVE SERIES

Relay Types: standard, high sensitivity,
max. sensitivity and centepede ‘lie
down’’ printed circuit versions ¢ Cons
tact Rating: 2 and 3 amp res. @ 32V
DC or 115V AC, 400 cps; 1 amp induc-
tive @ 32V DC (max. sensitivity unit 2
amp res. @ 28V DC) « Contact Arrange-
ment: SPDT or DPDT e+ Coil Power
{max. sensitivity unit); 25 mw SPDT,
40 mw DPDT.

BR-14 SUBMINIATURE FOUR POLE,

DOUBLE THROW SERIES

Contact Rating: (@ 28V DC or 115V,
400 cps): 10 amp res., 3.5 amp induce
tive; 7.5 amp res., 2.5 amp inductive;
5 amp res., 2 amp inductive * Contact
Arrangement: 4PDT (4 form C) ¢ Size}
1.000” x 1.075” % 1.300” » Weight; 3.0
0z, max.

BR-12 SERIES
BR-12F SHOWN

BR-14 SERIES

big enough

Dry circuit to 1 amp switching in a rugged
1/10th oz. hermetically sealed relay

Babcock’s dependable new BR-5 SPDT relay easily handles any
load to 1 full amp at 32V DC. The transistor can-sized package is
only as large as it needs to be, measuring 0.2” x 0.4” x 0.6". A
special magnetic circuit is responsible for its high sensitivity,
generally a limiting factor in relay miniaturization. Exceptionally
rugged, the BR-5 is built to withstand 125g shock and 30g vibration
at 3000 cps. Selective utilization of materials enables —65°C to
+125°C operation, ideal for missile and space probe environe
ments. Available in various mounting styles with printed circuif
leads. Interested designers should contact their Babcock repree
sentative or write direct for Bulletin BR 617,

Babeock Relays

A Division of Babcock Electronics Corporation

1645 Babcock Avenue, Costa Mesa, Calif,
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Air Force demonstrates Arton learning metwork developed by Melpar

Quarter-inch is the widest dimen-

sion of molecular amplifier re-
ported by Autonetics, division of
North American Aviation

NAECON Shows Gains in Molecular Circuits

By CLETUS M. WILEY
Midwest Editor

DAYTON—During the next 10 years,
molecular electronics will spark a
revolution in electronics comparable
to that caused by transistors during
the last decade, Patrick Haggerty,
IRE president, told National Aero-
space Electronics Conference.

He predicted that integrated cir-
cuits will account for $1 billion of a
$20 billion electronics market by
the 1970’s. Suppliers must prepare
to meet these needs, many already
existing, because they will be satis-
fied—by new companies, if neces-
sary—he indicated.

Conference reports made clear
that progress in molecular and inte-
grated circuits has reached the
point where they may be used to
build entire systems.

A molecular computer assembled
in half the man hours required for
its conventional component equiva-
lent was demonstrated by H.
Cragon, of Texas Instruments.
Molecular flip-flops helped reduce
memory size to seven cubic inches
and power dissipation to 15 w.

Martin-Denver announced avail-
ability of a production digital com-
puter using Fairchild Semicon-
ductor’s Micrologic integrated cir-
cuits. The computer was designed
for missile launch control and re-
mote electronic systems checkout.

William DeBoice, of Autonetics,

18

announced development of a molec-
ular differential amplifier which
bypasses the need for transformers
and capacitors. Texas Instruments
is developing a silicon block version
of the prototype.

A molecular high-frequency oscil-
lator mixer that can be adapted for
biomedical implantations was dis-
cussed by P. R. Amlinger, of Wes-
tinghouse Electric. A fundamental
crystal used in a Pierce-type oscil-
lator circuit eliminated need for
frequency-stabilizing capacitors in
the 27-Mc oscillator. The mixer op-
erates at 0.5 to 10 Mec.

Another Westinghouse develop-
ment, a diode transistor AND gate
fabricated in a monolithic semicon-
ductor functional block, was re-
ported by J. Zubek. Characteristics
can be designed for reproducible
batch processing, he said. Near uni-
form temperatures makes it unnec-
essary to compensate for voltage
drops across diodes and transistors.

J. Payton, Litton Systems, de-
scribed a nondestructive, random-
access, tunnel-diode memory switch-
ing in 1 to 50 nsec and highly
immune to radiation. Speed was
increased by eliminating a require-
ment for timing pulses. Nonde-
structive read eliminated the write-
back or restore cycle and clear-
write cycle time was reduced by
having word clearing simultaneous
with write-in. The usual require-
ment for buffer register and associ-

ated delays was removed by a di-
rect-coupled read amplifier.

Higher packing density of optical
components helped reduce the size
of a bulk storage memory discussed
by D. H. Blauvelt and W. W. Lee,
of Bendix. Information is stored
as clear or opaque areas in a glass
cylinder drum. Fiber optics and a
photodetector handle readout.

Among bionics reports was one
by a psychologist, Mildred Mitchell,
on a laminar adaptive device made
of semiconductor, insulating, photo-
emissive and storage materials, be-
ing developed for the Air Force
Aeronautical Systems Division.
Controlling component and circuit
formation by reward and punish-
ment techniques will permit auton-
omous adaptation and problem
solving, she said. The approach is
expected to cut size and improve re-
liability of learning equipment.

E. B. Carne, of Melpar, discussed
an Arton maze runner delivered to
the Air Force (ELECTRONICS, p 39,
Feb. 9). It has 10 decision ele-
ments, learns a trial course in a
half hour. Complex problems re-
quire eight to 10 trials for solution.

A coding system that presents
an image in terms of basic areas or
blocks improves channel compres-
sion, said Richard Schaphorst, of
Philco. A 10-to-1 reduction in time
bandwidth is expected from equip-
ment designed for a data link with
a bandwidth of 10 Ke.

electronics



100-Ge Devices Now Ready for Systems

By MICHAEL F. WOLFF
Senior Associate Editor

DAYTON—Two high-interest regions
of the frequency spectrum—the
millimetric and the visible—came
under scrutiny at the National
Aerospace Electronics Conference.

Summarizing the millimeter wave
session, J. F. Hull, of Litton In-
dustries, said devices are past the
feasibility stage and ahead of ap-
plications. He asked that more at-
tention be paid to applications be-
cause of the importance of milli-
meter waves in such areas as secure
communications and anti-jam radar.

A progress report on linear beam
tubes was given by M. R. Currie,
of Hughes Research Labs. He
thought these tubes would be domi-
nant at millimeter wavelengths.

Systems applications to 100 Ge
can be satisfied now by backward-
wave oscillators in the 10 to 20-watt,
c-w, range with 5 to 10 percent
efficiencies, and forward-wave am-
plifiers and oscillators producing
tens of watts with efficiencies of
25 to 30 percent. Currie predicted
200 to 400-watt, c-w, at 5 mm in the
near future and said tens of watts
should be possible at 1 mm.

Currie described a class of solid-
beam interaction structures based
on arrays of quarter-wave resonant
bars that could be used in either
forward or backward-wave tubes or
extended-interaction klystrons. Pri-
mary emphasis was on fabrication
feasibility rather than optimum
electrical performance.

Structures described included a
modified easitron circuit useful in
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APPROX 200W
IFROM MAGNETRON

bwos, a second easitron modification
for forward-wave oscillators, a com-
bination of the two structures
known as the interdigital line suita-
ble for forward-wave amplifiers, and
the Millman or vane-line structure
which has been employed in bwos.
For low-voltage space harmonic op-
eration these structures exhibit
typical tuning ranges of less than
10 percent, less than 4 percent,
greater than 10 percent, and 15 per-
cent, respectively.

Prospects for the Ubitron as a
high-power millimeter-wave am-
plifier were discussed by R. M.
Phillips, of GE. The Ubitron is a
traveling-wave amplifier based on
the interaction between a magnetic-
ally undulated electron beam and
the TE, waveguide mode. Phillips
said 1 Mw had been obtained at 6
percent efficiency from a 14 to 20-
Gec model. Magnetic circuits are be-
ing developed to scale the Ubitron to
millimeter wavelengths where it is
expected to have peak-power capa-
bilities similar to that of a l-cm
traveling-wave tube.

H. R. Johnson described bwo,
traveling-wave amplifier and elec-
trically tunable filter work presently
underway at Watkins-Johnson. He
reported obtaining 100 Kw peak and
100 w average power from a bwo
at 100 Ge.

Results of a one-year-old pro-
gram to develop transverse-wave
tubes for the millimeter region
were discussed by J. Feinstein, of
SFD Laboratories. He said 3 to 5
w had been obtained from a bwo
tuned over 65 to 72 Gec and that this

PHOTOCATHODE

SY-4302
MICROWAVE
PHOTOTUBE
1.5-4.5 Gc,
S=|
PHOTOSURFACE

POLARIZER

2.8 Gc OUT

Stanford University experiment for 2.8-Ge modulation and demodulation of

laser beam
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type of tube could be highly efficient.

Generating millimeter waves by
extending traveling-wave tube tech-
niques was reported on by G. R.
White, of Sperry Electronic Tube
division. He said a two-tube ampli-
fier chain to give 50 Kw peak power
output, and a traveling-wave tube
mixer were being developed for 5.5
mm. These components could be
used in a space radar transmitter.

Laser Sessions

Two sessions on lasers heard
several workers agree that mate-
rials were still the major problem
in laser research. Little optimism
was expressed for one potential so-
lution to materials problems—the
use of liquids.

Few doping ions fluoresce in solu-
tion and quantum efficiencies may
not be high, T. H. Maiman, of Quan-
tatron, said. He thought that the
number of liquids that would work
would be restricted. D. S. Bayley re-
ported that a number of liquids
were being investigated at General
Precision without, so far, any las-
ing observed. Plans are to try to ob-
serve fluorescence in some liquid
compound of neodymium.

A. E. Siegman, of Stanford Uni-
versity, reported what he believed
to be the first direct modulation
and demodulation of light at micro-
wave frequencies. With the system
illustrated, he obtained 100-percent
amplitude modulation at 2.8 Ge,
with a 5-Mc¢ bandwidth.

Siegman felt the best modulation
techniques were those performed
outside the laser. Particularly
promising seem to be traveling-
wave systems with KDP (potas-
sium dihydrogen phosphate) or
other crystals distributed along
various types of slow-wave circuits.
He predicted bandwidths of a few
gigacycles with modulating powers
of 100 watts or less would be ob-
tained soon. Other modulation
methods meriting attention include
Faraday rotation in garnets or thin
magnetic films, and changing the
absorption of a semiconductor out-
side its absorption edge by inject-
ing free electrons.
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ASSEMBLE IT TOD

SELL IT TOMORROW
evq}rl\‘vmzm-: IN THE USA

Swift shipment of parts from where they are to where you need them is sure . . . when you specify ‘‘via AIr
Express.” It's the only air shipping service with priority on the 36 scheduled U.S. Airlines. The cost is far less
than you think. 10 Ibs. travel 1,000 miles for only $5.06. Door-to-door service is assured, anywhere in the U.S.,
Puerto Rico and Canada with 13,000 REA Express trucks providing pick-up and delivery. You can eliminate
costly warehousing and delays, simply by specifying AIR ExPress for all your in-bound and out-bound shipments.

CALL YOUR LOCAL REA EXPRESS OFFICE FOR AIR EXPRESS SERVICE
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FOR INCREASED REILLIABILITY
Seal out troubles. Clarostat exclusive PotPot encapsulation is the most ad- YCL@E

vanced technique in the industry. Wide choice of processes including optimum D
protection, pre-seals, and varying degrees of moisture and dust protection. A I '
PotPot protection is available on virtually all Clarostat potentiometers, plus

custom potting of assemblies or other components.

WRITE FOR DATA...

ZANOY,
qAror
ECELAROSTAT

CLAROSTAT MFG. CO,, INC. DOVER, NEW HAMPSHIRE
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SIMPLIFY Here's what you can do:

.« Trigger internally-observetheleadingedges

YOUR PULSE-SAMPLING Iay ines In ot shannels asaure acourate

time comparisons.

e

TYPE 661 OSCILLOSCOPE
9 @ stna -9

measurement range extends to 1 millisecond.
'y s 100 msec/cm, accurate within 3%. Magnifier
Wlth th/S NEW provides sweep expansion from 2 to 100
<+« Change the probes' signal source without
Dual-Trace

needed, on the more sensitive vertical ranges
«+ « Measure millivolt signals in the presence of

panel.
.- signals traceable to National Bureau of
P . AR « . . Show lissajous patterns in addition to single

.+ » Measure pulse risetimes with 0.35 nano-
M EASU R EM ENTS second response in both channels. Time-
«++ Display repetitive signals on 16 calibrated
equivalent sweep rates from 1 nsec/cm to
. times . . . time per dot remains the same for
Tektron[X digital readout,
affecting the dot transient response.
«+ « Reduce time jitter and amplitude noise, if
OSCI//OSCOpe and faster sweep rates by means of a smooth-
ing control.
a substantial dc component by means of a
dc-offset voltage monitorable at the front
«+ . Calibrate with amplitude signals available
from the front panel. Calibrate with timing
iy S Standards.
and dual-trace displays and signals added
algebraically.

«.. Drive X-Y plotters or similar readout acces-
G i * ok sories.
. i o L .. . Drive external equipment, with fast delayed-
[ omma 2 pulse outpuit,

.« Add plug-in units as they come along.

®) Here's how you do it:

POW!
SCALE JLLUM.

oy Aoaaron Q == 1 Plug in the power cord and signal source,
0 % = 4 5 > 2 Set the controls on the vertical and timing

plug-in units,

e, TYPE ST pSion ’ 3 Take the measurements,

- o
= venr sosnion

. ; ‘ soamen {6 In one compact laboratory oscilloscope you
“! . have a complete pulse sampling system with

risetime of 0.35 nanosecond. Using the 509 in-

. a puts, or the Tektronix passive probe or cathode-
st i follower probe designed for use with the instru-
mk , ment, you can meet most of the general-purpose-
@ ! . measurement demands in repetitive-signal ap-
b wocerne |t son sonal e plications.
(o v G % Type 661 Oscilloscope (without plug-ins) $1150
e A | Type 451 50Q Dual-Trace Sampling Unit $1430
b, errrrrcrh, GRS — Type 5T1 TimingUnit . . . .. ... .$ 750
G Probes:

Type P6026 Passive Probe.. . . . . . $ 140
2 : Type P6032 Cathode-Follower Probe. . $ 160

For complete information — please call your Tektronix Field Engineer. U.S. Sales Prices, f.0.b. Beaverton, Oregon

Tektr onix, INC. » 0. 50x500- BEAVERTON, OREGON | Mitchell 4-0161 - TWX—BEAV 311 - Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. » Baltimore (Towson) Md. « Boston (Lexington) Mass. » Buffalo, N.Y. « Chicago (Park Ridge) IIl. + Cleveland, Ohio « Dallas, Texas ¢ Dayton, Ohio
Denver, Colo. » Detroit (Lathrup Village) Mich. « Endicott (Endwell) N.Y. « Greensboro, N.C. « Houston, Texas « Indianapolis, Ind. « Kansas City (Mission) Kan. «. Los Angeles, Calif. Area (East Los Angeles
Encino « Pasadena « West Los Angeles) = Minneapolis, Minn. « New York City Area (Albertson, L., N.Y. « Stamford, Conn. « Union, N.J.) » Orlando, Fla. « Philadelphia, Pa. « Phoenix (Scottsdale) Ariz. s Port-
land, Ore. = Poughkeepsie, N.Y. = San Diego, Calif. = San Francisco, Calif. Area (Lafayette « Palo Alto) « Seattle, Wash. « Syracuse, N.Y. « Washington, D.C. (Annandale, Va.).

TEKTRONIX CANADA LTD: Montreal, Quebec « Toronto (Willowdale) Ontario.

ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five overseas countries by qualified engineering organizations.

European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative.
Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. O. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX.
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15 NEW TYPES
FROM BENDIX

TR TETIRI=—~,

MEDIUM POWER
TRANSISTORS

The new, wider line of Bendix® Medium Power Transistors offers
more advantages for audio frequency and switching applica-
tions, such as audio amplifiers, audio oscillators, power switches,
| | servo controls, relay drivers. Among these many advantages:
more linear current gain characteristics and lower distortion
output, high voltage rating, high current gain, low saturation
resistance, long life, and stable operation. Bendix Medium
Power Transistors offer a maximum of reliability and versatility
atlow cost. Each transistor is ‘Dynamically Tested,’ an exclusive
Bendix quality control process to assure uniformity and maxi-
mum reliability. For data on the complete line of Bendix Power
Transistors and Power Rectifiers, write us in Holmdel, N. J.

RS R SRS

% 2 MAXIMUM RATINGS CURRENT GAIN
e

i Number Vees ¢ P T, hgg @ I

{ Vdc mAdc mW °C mAdc
2N331 30 200 200 100 20 5

| 2N398,A 105 200 500 100 20 5

5 2N464-2N467 1540 100 150 100 1290 1

| 2N650-52,A 45 500 200 100 _ 30845&80 10
2N1008,A,B* _ 20-60 300 400 100 __ 40-150 10
| 2N1009 40 300 400 100 40-150 10
| 2N1176,A,B___ 1560 300 _ 300 _ 100 20 10
: 2N1287,A 35 300 300 100 ___40&60 10
i *¥2N1008B also available per MIL-S-19500/196 (SigC)

Bendix Semiconductor Division ve € endl

CORPORATION

Main Office: South St., Holmdel, N.J.—Ph: SH 7-5400 « New England Office: 114 Waltham, Lexington, Mass.—Ph: VO 2-7650 « Detroit Office: 12950 W. 8 Mile Rd., Detroit 37, Mich.—
Ph: JO 6-1420 « Midwest Office: 1915 N. Harlem Ave., Chicago, Ill.—Ph: 637-6929 « West Coast Office: 117 E. Providencia Ave., Burbank, Calif.—Ph: VI 9-3961 « Canadian Affiliate:
Computing Device(sjof anada, Ltd., P.0. Box 508, Ottawa 4, Ont. « Export Office: Bendix International, 205 E. 42nd Street, New York 17, N.Y. Stocking Distributors: Contact nearest sales office
for name of local distributor.
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AEROCOM PRESENTS
VHF AM TRANSMITTERS
and RECEIVERS

AEROCOM communications equipment is designed with
both performance and reliability in mind, and is produced
by experienced personnel using high-quality materials. The
following features are found in all three transmitters: Single
crystal controlled frequency (plus an additional frequency
2% away from main frequency): stability == .003% or =%
.001% over temperature range of 0° C to + 55° C, any humid-
ity up to 95%; audio system incorporates high level plate
modulation, with compression; forced ventilation with air
filter is employed. Welded steel cabinets.

Model 10V1-A—1000 Watts output—Successfully being
used in Troposcat service for communications with aircraft
beyond the optical horizon. Frequency range 118-153 mc.
Can be completely remote controlled by using AEROCOM'’s
remote control equipment. All tuning from front panel by
means of dials. Power requirements 210-250 V 50/60 cycles,
single phase.

Model VH-200—200 Watts output in range 118-132 mc.
Excellent for both point-to-point and ground-to-air communi-
cations. Press-to-talk and audio input may be remoted using
single pair of telephone lines. Power requirements 105-120V
50/60 cycles. Also available for use above 132 mc; output
drops gradually to 150 watts at 165 mc.

Model VH-50—50 watts output. Frequency range 118-153
mc. Outstanding low power transmitter for ground-to-air
service. With remote control provisions; main power control
with front panel switch. Convection cooling for press-to-talk
service—otherwise forced air cooling. Power requirements
115/230 V 50/60 cycles.

Model 85 VHF Receiver. A high performance, low noise,
single channel crystal controlled, single conversion VHF re-
ceiver. Stability normally = .001% (with oven
crystal == .0005%) over temperature range 0° C
to + 55° C. Sensitivity ¥2 microvolt or better
for 1 watt output with 6 db signal to noise ratio.
Standard selectivity bandwidth 30 kc; other
widths available. Spurious response down 90 db.
Frequency range 118-154 mc. Power require-
ments either 115 V or 230 V 50/60 cycles. Made
for standard rack panel mounting.

As in all AEROCOM products, the quality and workmanship of this VHF equipment is of the highest.
All components are conservatively rated. Replacements parts are always available for all AEROCOM equipment.

Complete

technical data available AER COM

on request

FCC Type Accepted
for Aviation Service

3090 S. W. 37th Avenue — Miami 33, Florida
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5
NEW
GENERAL ELECTRIC
CERAMIC TUBES
REDUCE
MICROWAVE
COMPONENT COSTS
DOWN TO
$16.00

OR LESS
ﬁ

R'ogress /s Ovr Most Important Product

GENERAL @D ELECTRIC

46 ELECTRONICS

*APPROX. PRICE OF COMPETITIVE DEVICES

Detailed valve-analysis chart shows how cost, size, and performance
advantages can be yours. Clip coupon, or circle reader service
number, for free copy.

Why pay as much as $1500 for a microwave device if a $16
G-E ceramic tube will do the job? In many UHF applications up to
10 KMC (power amplifiers, oscillators, or frequency multipliers)
high-gain, low-noise ceramic tubes can often replace TWT’s, klys-
trons, magnetrons or pencil tubes and provide better over-all per-
formance. Oftentimes, ceramic tubes can effect component cost
reductions of 5 or 10 to 1, and reductions of 50 to 1 are possible.

Value analysis will show you that G-E ceramic tubes can mean even
greater over-all savings. Most common reasons: simplified system
design, fewer components, reduced power requirements, and elimina-
tion of cooling equipment. Microminiature ceramic tubes increase
system resistance to radiation, provide extreme high-temperature
tolerance (400°C., max.), and are up to 40 times smaller and 20
times lighter than many other UHF devices.

Most G-E ceramic tubes are on approved MIL-spec lists and are
available “off-the-shelf”” from your local G-E receiving tube sales
representative. Send, today, for your free value-analysis chart which
lists all the cost, size, and performance advantages that ean be
yours with G-E ceramic tubes.

G-E TIPS (Technical Information and Product Service)
General Electric Receiving Tube Dept.
Room 1718

Owensboro, Kentucky

Name Title
Company Address
City Zone State




Giant centrifuge at Naval Air Development Center is used to check
out pilots and instruments for space flight

By JOHN F. MASON

Associate Editor

WITHIN A FEW DAYS, the Navy’s ap-
propriations request for research,
development, test and evaluation
(RDT&E) in fiscal year 1963 will
go to the Senate floor. The House
has approved $1,474 million, about
$ million less than Navy wanted.
Major programs are:
Antisubmarine Warfare — At
$291 million, this is one of the big-
gest programs. Since there is no
air defense against submarine-
launched missiles, defense is con-
centrated on getting the subs be-
fore missiles are launched.
Extensive effort will be placed on
shipborne detection/deception and
countermeasures. Sonar R&D will
be aimed at reducing size, weight
and power requirements while in-
creasing detection range. The
Navy says the powerful new SQS-
26 sonar promises the longest
range yet obtained in shipborne ac-
tive sonar. Range of helicopter
sonar and Lofar sonobuoys has also
been improved. Sonars now going
into ships and subs have 10 times
the range of five years ago.
Projects Trident and Artemis
will be stepped up. Trident will
survey large ocean areas with active
and passive sonar and fixed and
mobile detection systems to locate
submarines beyond their maximum
missile-launching range. Artemis,

applied research in long-range sub-
marine detection, will include sea
trials of signal-processing compo-
nents in 1963.

Sengitive, airborne infrared
equipment will be developed. Ex-
perimental infrared gear has de-
tected submerged submarines at
night, hours after passage. The
passage of submerged submarines
has also been detected in restricted
waters by active barriers of trans-
ducers. A barrier set is being
bought this year for operational
testing.

A precision graphic recorder
(Aspect) for destroyers and heli-
copters will tell whether the target
located is a submarine or fish. Lofar
target classifiers and more sensi-
tive magnetic airborne detection
(Mad) gear are being developed.

ASW Weapons—The House pro-
vided an extra $7 million to over-
come difficulties in the Mark 46
torpedo. The components worked,
but the assembled torpedo didn’t.
A lightweight torpedo for aircraft
and destroyers, it will use long-
range sonar for target searching
and homing. Work will begin this
year on an asw torpedo with higher
speed, longer acquisition and
greater depth capability.

Other continuing developments
include a wire-guided torpedo, the
EX-10, and mines more sensitive to
targets and more resistant to
countermeasures. The Mark 57
mine development is a project that

1963 RDT&E SPENDING

Type of Activity Amount %
($1,000,000)
Basic research. . . ... .. 7.7 5

Applied research. . .. .. 146 10
Development of weap-

ons equipment and

components......... 847 57
Test and evaluation. . . 335 23
Program-wide manage-

ment and support

items not distributed

elsewhere........... 68 5
RORRLY, 4 lsicir o womos o emreie 1,473.7 100

Navy Steps

will be completed.

The Navy is also going ahead
with Asroc, Subroc and Dash.
Asroc, a ship-launched rocket, de-
livers a mine or sonar-homing tor-
pedo. Subroc, a submarine-launched
rocket-torpedo, is slated for test-
firing in December. Dash is a
torpedo or nuclear depth charge
carried by a drone helicopter con-
trolled from a destroyer.

Missiles—Although Navy is re-
ducing R&D on Polaris in 1963,
it will continue developing the A-3
version with a 2,500-nm range.

Typhon, the newest surface-
launched missile, is to be used on
a nuclear-powered, guided-missile
frigate, also in the 1963 budget.
Typhon is being developed in long-
range and medium-range versions.

Tower near Bermuda is relay point
for hydrophones




WHERE NAVY SPENDS RDT&E MONEY

RDT&E ON ASW IN 1962 AND 1963

Fiscal Year 1961

Department of Defense facilities. 527

Other government agencies. . . .. 6

Industrial facilities. . .......... 719
Educational and nonprofit or-

LAMIZAIONE... . . . o.ov v uvi oo iwne 78

Total obligations. . .......... 1,330

1962 1963 Fiscal Year 1962 1963
($1,000,000)
$1,000,000 ; . ; e P
( ) Detection, classification and localization
535 588 (65 projects). ... .. 88.4 119.4
38 17 Weapons, ordnance, and fire control (28
projects) . . . 59.6 63.8
779 793 Vehicle and propulsion equipment (35
PEOTECER),, o hiche e B hormsts et s G i0is BB 58
75 72 Collateral, support, and related (24 projects) 35 41.8
1,398 1,470 Total 152 projects..........ooouviseos: 231.2 286

Up Antisubmarine Warfare R&D

IN ITS $1,474 RDT&E BUDGET FOR 1963

Designed to cope with enemy
threats in 1970, it will attack large
numbers of targets. The system
will use phased-array radar.

Both Typhons will fit into Ter-
rier and Tartar launchers, so ships
now carrying those missiles can
be backfitted later with Typhon.
Navy also wants to improve Ter-
rier, Tartar and Talos shipboard
surface-to-air missiles.

RDT&E funds for the air-
launched Bullpup are being reduced
since it is entering the procure-
ment phase. Technical and opera-
tional evaluation of Shrike is slated
to begin by July, 1963.

Conventional and Limited War
Equipment—Non-nuclear weapons
will be modernized and research
will start on new weapons.

Developments for the Marine
Corps include a man-packed com-
munications jammer, man-trans-
portable mortar locator, Light-
weight surveillance radar,
lightweight command, tactical and
logistics control radios, more re-
liable ground-to-air radio.

The Marine Tactical Data Sys-
tem (Mtds) will evaluate air situa-
tions. Tactical operations centers
with digital computers will receive
and process radar and IFF infor-
mation and direct action against
enemy aircraft. Long-range, light-
weight early-warning and height-
finding radar are under develop-
ment.

Aireraft and Related Equipment
—Navy is participating in tri-serv-
ice development of vertical-takeoff-

Island of aircraft carrier Enterprise. Four rows of horizontal bars are

part of ship’s radar

and-landing planes, the TFX super-
sonic, all-weather, missile-carrying
interceptor and the VAX, to pro-
vide close support to troops. TFX’s

missile control system will use
high-power  airborne intercept
radar.

To improve asw aircraft capabil-
ity, detection and classification data
display and communications equip-
ment is needed.

Communications and Command
—R&D is underway on communica-
tions systems for future command
ships. Operations control centers
using advanced data processing
and display equipment are also be-
ing developed. Future systems
must cope with limited wars.

Pacific Missile Range—Navy
wants $113.3 million for instru-
mentation of downrange sites and
ships, training support, and tests
of Navy, Air Force and Army mis-
siles and satellites.

Astronautics—Navy’s  interests
are in navigation, space surveil-
lance, geodesy and communications.

Project Transit, a doppler navi-
gation satellite system, will provide
worldwide ship navigation in 1963.
A four-satellite prototype system
will be established. Six launches
are planned for 1963.

Ship equipment is being devel-
oped and evaluated for operational
use. Ground tracking, computer
and control network are required.

Spasur, the operational space
surveillance network, will be ex-



tended to monitor satellites and low
and high altitudes and to improve
satellite prediction accuracy.
Oceanography—Navy will spend
$38 million (out of $124 total gov-
ernment funds) on research, much
of it aimed at applications in un-
dersea and antisubmarine warfare.
Studies include surface waves, ice
physics and sea floor. To predict
sonar conditions, an antisubmarine
warfare environmental prediction
system (Asweps) will be developed.

Navy hopes to use infrared-
equipped satellites to determine
surface water temperatures and
thereby currents. Satellites may
also receive data from sonobouy-
type sensors and provide informa-
tion on surface weather.

Electronic Sciences—Work in-
cludes fundamental principles of
devices and circuits, elf and vlf
research, non-acoustic submarine
detection and communications,
thermoelectricity, countermeasures,
solid-state power supplies and milli-
meter waves.

Radar surveillance programs in-
clude Projects Madre and Teepee.
Madre is a Navy-Air Force pro-
gram for over-the-horizon detection
of missiles and aircraft. Teepee is
to detect missile launches. Empha-
sis in 1963 will be on optimizing
multihop backscatter techniques
and developing specialized equip-
ment. A two-hop technique has de-
tected at 4,000 miles.

Basic Research—A $77.7 million
request has been made for work in
biological, physical and mathemati-
cal sciences, nuclear physics and
physical acoustics.

Programwide Management and
Support—Funds will support the
Atlantic Undersea Test and Evalua-
tion Center at Andros Island, in
the Bahamas. Radar, underwater
and optical tracking, telemetry,
microwave and communications,
computing and data processing
equipment will be bought. The
range will be fully operational in
fiscal year 1964.

ASW Director—As part of its
antisubmarine warfare program,
the post of Director of ASW War-
fare has been created and two
auxiliary groups have been formed.
The ASW Systems Analysis Group
will be concerned with specific re-
search efforts and the Chief of
Naval Operations ASW Study
Group, long-range plans.
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Huge fairgrounds at Hannover cover 9.5 million square feet

German Electronics Spotty

BONN—The German Industries
Fair at Hannover last month con-
firmed that the German electronics
industry today presents a confus-
ing picture.

Two years ago, experts predicted
it would be a major growth indus-
try. This seemed apparent in 1960
when German electronics output hit
$825 million—seven percent of
Free World production.

But overcapacity in some sections
—particularly entertainment elec-
tronics—and rapidly increasing
competition from British and U. S.
firms have had a major impact. Out-
put dipped sharply to $750 million
in 1961 and may drop off even fur-
ther this year.

Electronics exports increased by
about $200,000 in 1961, to $339 mil-
lion. Against this, imports rose
from $27 million to $108 million.

American firms are beginning to
show a major interest in the Euro-
pean market, buying into European
firms or establishing license agree-
ments. As competitors, U. S. firms
are seen to have the advantages of
a long start, government help for
development and cheaper materials.
The high cost of labor in the U. S.
is of little import in such a capital-
intensive industry as electronics.

Radio and tv sets are still the
German industry’s bread and but-
ter. With components and allied
equipment, this accounts for almost
half of total output. But tv sales
dropped from 2.28 million sets in

1960 to 1.82 million in 1961. The
forecast for 1962 is less than 1.7
million set sales.

Transistor radios are still best
sellers, but indications are that
competition from Japan and Hong
Kong will be increasingly severe.

Manufacturers seem to have
made up their minds that their fu-
ture lies in industrial electronics.
The potential market for telecom-
munications equipment looks enor-
mous, but to date German demand
offers little encouragement to
manufacturers.

Prospects are bright for inex-
pensive electronic business ma-
chines. Successful prototypes of
electronic telephone exchanges have
been developed and pushbutton

Telefunken computer uses inter-
changeable printed circuit boards

electronics



phone sets are on the market.

In 10 years, major German post
offices will be equipped with auto-
matic letter sorters, patterned after
one at Darmstadt. The federal Post
Office has its first electronic money
order accounting system.

Prominent among 230 foreign ex-
hibitors of electronic and electrical
equipment were Minneapolis-Hon-
eywell, Budd, Beckman Instru-
ments and Texas Instruments.

Among the German firms, Tele-
funken unveiled its TR4 general-
purpose digital computer. The cen-
tral computing unit operates with
parallel word transmission and has
a parallel computer unit for 48 bits.
Instruction, binary floating-point
notations, binary and decimal fixed
point numbers and alphanumeric
characters are employed internally.
Clock frequency is 2 Mec.

There are two permanent memo-
ries, each of 4,096 52-bit words. One
is expandable to 24,576 words. Ac-
cess time is 1 msec. Up to 64 auxili-
ary units may be connected to eight
input and output channels.

All-Transistor Telephone
Switchboard Weighs 500 Lb

cHICAGO—Kellogg Division of ITT
Corp. unveiled an all-transistor,
500-pound telephone switching sys-
tem at the Navy League convention
here. Up to 30 trunks and 200 ex-
tension lines can be accommodated.

Kellogg designed the system pri-
marily for military and government
applications where light weight,
minimal maintenance, and mobility
are important factors. The equip-
ment can be airlifted.

The company also sees some com-
mercial applications, because of its
size. Power consumption is 250 to
600 watts, depending on the num-
ber of branch telephones served.
It uses 60-cps power; batteries may
be used in emergencies.

Heart of the switching system is
a scanner using a three-stage cas-
caded array, permitting a firm reg-
ister seizure time of 30 wsec. The
system features modular con-
struction. A minimum of 48 ex-
tensions can be handled economi-
cally, but additional lines can be
added in increments of four by
plugging in modules.
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MARC Time Division Multiplex

alarm, remote control, and data transmission systems

MARC systems automatically monitor the status of any number of remote points,
and transmit on/off control, alarm, or data information to a central station over

any communication link — physical pair, carrier, radio, VHF, or microwave.

R T T S R e e A e W
MARC CODER AND DECODER UNITS DESIGNED FOR STANDARD RACK MOUNTING

The MARC Coder continuously generates se-
rial time coded signals in accordance with
the input signals monitored. Each pulse in
the serial code train is weighted short or
long, in appropriate sequential order, ac-
cording to the condition of the input infor-
mation to be transmitted. Information sent
in this time-sharing mode is called time
division multiplex (TDM).

Marc TDM signals can be transmitted, much
like teletype, over DC physical pairs, or
voice frequency tone channels, to modulate
carrier, wire, or microwave links. Marc can
also be used to key the baseband of a VHF
or microwave transmitter directly. Speed of
transmission of control information is ad-
justed to system requirements, within the
communication link bandwidth,

TRANSMITTER

UP TO 256 CONTACT CLOSURES

TONE COMMUNICATION
LINK

The MARC Decoder is synchronized with the
coder by means of a synchronizing pulse at
the end of each serial pulse train. By use
of logic circuitry, the system affords ex-
tremely high immunity to noise and spuri-
ous signals, virtvally excluding improper
control function selection.

The information output of the decoder is
the presence or absence of a voltage, cor-
responding to the information received from
the coder. This voltage can be used to
operate inductive loads, such as relays, or
resistive loads, such as indicator lamps.

MARC
DECODER

TONE
RECEIVER

RELAY OUTPUTS OR INDICATOR LIGHTS

_‘
_.
-@
_.
°

MARC equipment is all-solid-state, providing extremely reliable operation with

virtually no maintenance. Modular components — code-notched printed circuif

cards — can be combined in many different configurations to meet the operat-

ing requirements of virtually any application. Systems can be simple or highly

sophisticated, depending upon the mode of operation, reliability parameters,

and time available for transmission. For details, write:

MOORE ASSOCIATES
893 American Street, San Carlos, California

INC,
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FIAMISTOR.

METAL FILM RESISTORS
OFFER 5 TEMP. COEFFICIENTS
TO MEETALL CIRCUIT

REQUIREMENTS

RUGGED END-CAP

CONSTRUCTION

FOR LONG TERM
STABILITY

EXCEPTIONAL
RESISTANCE TO
MOISTURE AND

MECHANICAL DAMAGE

SURPASS MIL-R-10509
PERFORMANCE
REQUIREMENTS

Providing close accuracy, reliability
and stability with low controlled
temperature coefficients, these
molded case metal-film resistors out-
perform precision wirewound and
carbon film resistors. Prime charac-
teristics include minimum inherent
noise level, negligible voltage coeffi-
cient of resistance and excellent

long-time stability under rated load ¢

as well as under severe conditions of
humidity.

Close tracking of resistance values
of 2 or more resistors over a wide
temperature range is another key
performance characteristic of
molded-case Filmistor Metal Film
Resistors. This is especially impor-
tant where they are used to make
highly accurate ratio dividers.

Filmistor Resistors, in Y&, V4, 15
and 1 watt ratings, surpass stringent
performance requirements of MIL-
R-10509D, Characteristics C and E.

Write for Engineering Bulletin
No. 7025 to: Technical Literature

Section, Sprague Electric Co., 35
Marshall Street, North Adams, Mass.

For application engineering assistance,
write: Resistor Div., Sprague Electric Co.
Nashua, New Hampshire

SPRAGUE

THE MARK OF RELIABILITY
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*Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co.

GE says that data in the white rectangle on the thermoplastic recording
(right) is equivalent to that on the cro photo (left)

Thermoplastic Tape Records Radar Data

THERMOPLASTIC recording of radar
video information may point the
way to improvements in radar test
evaluation, GE announced recently.
The technique was used experimen-
tally during tests of a new airborne
radar at the company’s Light Mili-
tary Electronics department.

GE said that resolution and re-
cording density were considerably
higher than can be obtained by con-
ventional oscilloscope and high-
speed camera recording. An aver-
age hour of fly-bys required 45 feet
of thermoplastic tape. When the
thermoplastic recording was pro-
jected, pulse-to-pulse echo intensity
was clearly visible, GE said.

In thermoplastic recording, video
output is fed to an electron gun that
places a charge pattern on the tape.
The tape is converted in the re-
corder by heating, converting the
charge image into a groove image.
Groove depth is proportional to sig-
nal strength.

The equipment used has recorded
frequencies up to 10 Mc. The re-

Micro Tv Set

oo

Sony’s eight-pound, five-inch, tran-
sistor tv (p 7, April 27)

corded data is viewed with a movie
projector modified by the addition
of Schlieren bars. Clear areas of
the tape are seen as dark and
grooved areas as light. Illumina-
tion varies with groove depth.

GE says it is also working on
thermoplastic recording for latent
image photography, random access
digital storage, recording composite
radar, infrared and tv analog sig-
nals, and wide-band signals from
reconnaissance equipment.

Convert Voice to Digits
For Speech Recognition

AUTOMATIC SPEECH recognition pro-
gram in RCA’s Surface Communi-
cations division has reportedly
achieved recognition accuracy as
high as 85 percent. Objective of the
program is to convert speech to
digital form with an order of mag-
nitude reduction in bandwidth, for
teletypewriter transmission.

Speech is analyzed, encoded in
binary form and recorded for input
to an RCA 501 computer. The 501
picks out and recognizes vowels
spoken in isolated monosyllables
consisting of an initial consonant,
a vowel and final consonant. Vowel
location is automatic and no adjust-
ment is made for individual talkers.
Problems of error source, accuracy
improvement and consonant recog-
nition are under attack.

Work is sponsored by the Air
Force. When perfected, speech
recognition can foster language
translators, phonetic typewriters
and voice-controlled machines.

electronics



REDUCKE
CAPACITOR

COSTS

WITH CENTRALAB Q-KAPS

POLYSTYRENE

CAPACITORS

EXCEPTIONALLY LONG LIFE
AND PROVEN RELIABILITY

The polystyrene film dielectric of these new Centralab
capacitors permits their use as direct replacements for
micas and Mylars...in any application within their capacity
limits and operating temperature range . . . yet their price
is fantastically low. Fast delivery is available on all standard
EIA (RETMA) values from 20 pf to .01 mf, 500 VDCW, 1500
VDCT, 5% or =10% tolerance. Other capacity values,
tolerances (=2.5%, +=20%), and voltages (125 VDCW, 375
VDCT) can be supplied on special order.

CAPACITANCE DRIFT: 0.3% or less after temperature cycling
of +25, —10, +85, 4+25°C.

INSULATION RESISTANCE: 5000 Meg/mf or 500,000 Meg,
whichever is greater, at 100 VDC, +25°C, 80% R.H.

Q" FACTOR: Over 2000 at 1 mc, 25°C.
OPERATING TEMPERATURE RANGE: — 10°C to - 85°C.

For detailed information and complete specifications on
thesenewCentralab‘‘Q'-Kaps, write for Bulletin EP1034R3.

Immediate delivery, from stock, of all EIA values, 5% tolerance, is
available through Centralab Industrial Distributors.

ACTUAL SIZE

D-6223

THE ELECTRONICS DIVISION OF GLOBE-UNION INC.  « 914F EAST KEEFE AVENUE «  MILWAUKEE 1, WISCONSIN
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TRANSISTOR

CHOPPERS

(Series 7000)
that

have a noise level
of only 35 uv into 10K at 400 CPS

and
can be driven from DC thru 5KC

®
with
no drive transformer required
yeft

provide complete isolation
between drive and signal circuits.

TYPE 7005 SPDT RATINGS

Signal Input Voltage .......... *+= 15 V DC or peak
Signal Current 1 ma maximum
Drive Frequency ..
Drive Voltage 6 to 10 V RMS sq. wave

SPECIFICATIONS (AT 25° C)

PARAMETER CONDITIONS TYPICAL MAX.

Turn On Time 0 to 1KC 10 v sec. 20 v sec.
1.5V DC input sig.
10K load
50 KC bandwidth

Turn Off Time  as above

Linearity 6V DC drive
10K load
50 KC bandwidth

On Resistance 10K load 50 ohms
10 mv to 15V DC input sig.
6V DC drive

Off Resistance  No drive voltage 1000 meg.
10K load 0.1V DC input sig.

Drive Input Imp. 6V DC input to drive 1200 ohms
Noise 6V 400 CPS sq. wv. drive 35 uv RMS 70 uv RMS

10K load on pins 3, 4, & 5
20 CPS to 1.5KC bandwidth

Offset 6V 400 CPS sq. wv. drive 50 uv RMS 70 uv RMS

(between pins 100 ohms input -

3-4 and 3-5) 10K ohms output V°’"m°, L only
20 CPS to 1.5KC bandwidth Soneidivais

PHONE AIRPAX TWX CAMB
228-4600 A ELECTRONICS MD 545-U

]
¢ (2

CAMBRIDGE DIVISION “orpo®"* CAMBRIDGE, MARYLAND
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MEETINGS AHEAD

NUCLEAR CONGRESS & EXHIBIT, Engi-
neers Joint Council; Statler Hilton
Hotel, New York City, June 4-7.

RADAR ANNUAL SYMPOSIUM, University
of Michigan; at the University, Ann
Arbor, Mich., June 6-8.

MOLECULAR BEAMS CONFERENCE, Brook-
haven National Laboratory; Upton,
N. Y., June 11-13.

ARMED FORCES COMMUNICATIONS AND
ELECTRONICS CONVENTION AND SHOW;
Sheraton Park and Shoreham Hotels,
Washington, D. C., June 12-14.

AEROSPACE TRANSPORTATION CONFER-
ENCE, AIEE; Denver-Hilton Hotel,
Denver, Colo., June 17-22.

BROADCAST & TELEVISION RECEIVERS
CONFERENCE, IRE; O’Hare Inn, Chi-
cago, Ill., June 18-19.

MILITARY ELECTRONICS 6TH NATIONAL
CONVENTION, IRE-PGMIL; Shoreham
Hotel, Washington, D. C., June 25-27.

ELECTROMAGNETIC THEORY & ANTENNAS
SYMPOSIUM, Tech. Univ. of Denmark,
et al; Copenhagen, June 25-30.

COMPUTER AND DATA PROCESSING SYMPO-
SIUM, Denver Research Institute;
Elkhorn Lodge, Estes Park, Colo.,
June 27-28.

AUTOMATIC CONTROL JOINT CONFER-
ENCE, IRE-PGAC, AIEE, ISA, ASME, AICHE;
NY Univ, New York City, June 27-29.

RADIO PROPAGATION COURSE, National
Bureau of Standards and University
of Colorado; NBS Boulder Labora-
tories, Boulder, Colo., June 16-Aug. 3.

LUNAR MISSIONS MEETING, American
Rocket Society; Pick-Carter and Stat-
ler-Hilton Hotels, Cleveland, Ohio,
July 17-19.

MEDICINE & BIOLOGY DATA ACQUISITION
AND PROCESSING, IRE-PGBME, AIEE,
ISA; Strong Memorial Hosp., Roches-
ter, N. Y., July 18-19.

INTERNATIONAL SOUND FAIR, Institute
of High Fidelity Manufacturers, Mag-
netic Recording Industry Assoc., et
al; Cobo Hall, Detroit, July 25-29.

INDUSTRIAL RESEARCH CONFERENCE,
Columbia University; Arden House,
Harriman, N. Y., Aug. 5.

WESTERN ELECTRONICS SHOW AND CON-
FERENCE, WEMA, IRE; Los Angeles,
Calif., Aug. 21-24.

ADVANCE REPORT

SPACE PHENOMENA & MEASUREMENT SYM-
POSIUM, IRE-PGNS; Statler-Hilton Hotel,
Detroit, Oct. 15-18. July 1 is the deadline
for submitting 300-500 word summary
and 35-word abstract to: M. Ihnat,
Avco Corp., 201 Lowell St., Wilmington,
Mass. Topical areas include, but are not
limited to, the following: fundamental
and applied research on space environ-
ment ; recent advances on nucleonic in-
struments and controls; space and labo-
ratory diagnostics.
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GUARANTEEING

" Meaningful, reverse leakage spec (l;)
A Low dynamic impedance (Z,)

knee region (Z,)

All Motorola zener diodes are tested at 809, of the minimum
zener voltage . . . giving you a much more meaningful reverse
current leakage specification than you get with those devices
having leakage specified at lower percentages of the zener
voltage.

Also . . . Motorola zener diodes are unique in that the point
of measurement for specified leakage is the same for each
power rating from 14 W through 50W . .. and for all voltages
. .. rather than the customary and confusing practice of using
test points farther away from the zener knee for the lower
voltages.

Meaningful reverse leakage current data tells you the pre-
cise current drain in the region below breakdown . .. helps to
clearly define the critical zener knee region . .. gives you a
good indication of cleanliness of junctions.

In addition . . . all Motorola zener diodes are characterized
for you by two guaranteed maximum impedances . . . (1) at the
practical 1/, power operating point (Zz) ... (2) at the zener

FOR MORE INFORMATION CONTACT your local Motorola
Distributor or District Office, or call or write: Motorola Semi-
conductor Products Inc., Technical Information Center, 5005
East McDowell Road, Phoenix 8, Arizona.

MOTOROLA ZENER DIODE-RECTIFIER
APPLICATIONS HANDBOOK

This 185-page engineering reference booklet is inval-
uable to zener/rectifier users. Available for only $2
from your local Motorola Semiconductor distributor.

June 1, 1962
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A Clearly defined, zener

knee (Z;). These two points help define the zener knee region,
and prove that it does not soften past the I; test point, but
continues sharp beyond Zj ... giving you assurance of sta-
bility of the zener voltage with current changes.

For the industry’'s finest, best-characterized zener diodes,
specify Motorola. More than 2,000 different types ... most
complete, most meaningful specifications . . . highest-reliability
industrial and military devices.

MOTOROLA ZENER DIODES

A 2.4 to 200 1.5 6.8 to 200
400 mW 3.3 to 200 10 6.8 to 200
34 6.8 to 200 50 (TO-3) 6.8 to 200

1 6.8 to 200 50 (Stud) 6.8 to 200

+ REVERSE POLARITY * MATCHED SETS » TEMPERATURE COMPENSATED TYPES
10 & 50W UNITS  « SPECIALS 6.2V - 8.4V - 9.0V - 9.3V - 11.7V

MOTOROLA ZENER DIODES
characterized at 3 critical points

WORLD'S LARGEST SUPPLIER OF ZENER DIODES

A SUBSIDIARY OF MOTOROLA, INC.

MOTOROLA

Semiconductor Products Inc.

1963

5005 EAST McDOWELL ROAD « PHOENIX 8, ARIZONA
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FILTER DESIGNERS!
WANT TC CORE CURVES?
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Magnetism is our business . . .so we now offer you another industry first: Complete test standards, speci-
fications and performance curves in the International Series of temperature-compensated FERRAMIC® cup
core assemblies. Designed for filter applications requiring a low and linear temperature coefficient with high Q
factors, these cup cores are far superior to old-style toroid-shape cores. This detailed test data and specifications
are typical of the technical leadership and application assistance we offer you. Our ferrite core experience, spe-
cialized manufacturing facilities, highly skilled engineering and production personnel can help you build more
reliability into your products. B Phone or write Indiana General—Electronics Division, Keasbey,
New Jersey, for our new engineering data file on our TC cores.

INDIANA GENERAL K=
(e S

S
FERRITES MEMORY PERMANENT MINIATURE MEMORY
PRODUCTS MAGNETS MOTORS PRODUCTS
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BELL LABORATORIES’ NEW CONNECTOR
STREAMLINES CABLE SPLICING

Telephone craftsman uses special pneumatic tool to flatten connector onto insulated wires.

Metal tangs pierce insulation and produce a splice that is equivalent to a soldered joint.

Along the cable routes of the Bell System, wires
are spliced at a rate of 250,000,000 a year. Conven-
tionally, connections are made by *“skinning” the
insulation, twisting the bare wires together, and
slipping on an insulating sleeve. Now, with a new
connector initiated at Bell Telephone Laboratories,
(diagram at lower right) splices can be made faster,
yet are even more reliable.

The craftsman slips the two wire ends—with in-
sulation intact—into the connector, then flattens the
connector with a pneumatic tool. Springy phosphor
bronze tangs inside the connector bite through the
insulation to contact the copper wire. The stable,
low-resistance splice established is maintained for
many years, even under conditions of high humidity,
corrosive atmospheres and vibration.

Ultrasensitive measuring techniques devised by

our engineers demonstrate that the new connector
provides the equivalent of a soldered connection,

even with voltages as low as 25 millionths of a volt.

Working with our manufacturing partners at
Western Electric, our engineers developed this con-
nector into a design capable of being mass-producec:
at low cost. It is being introduced in the Bell Systen:.

NEW WIRE CONNECTOR HAS THREE PARTS:

insulating jacket

brass shell

BELL TELEPHONE LABORATORIES

World center of communications research and development




COST CUTTING CERAMICS
FOR TRANSISTOR CIRCUITRY

RUIC AMagreacgos.

SPECIFICATIONS

(e 3 VOLT MAGNACAP
N Capacitance Dissipation - Insulation Resistance
uf. ‘ Telerance ) Factor (% Max.) Min. (@ 100% Diameter | Thickness Lead
1 Ke., .05 vrms max. % 1 Kc., .05 vrms max. Rated DC Voltage Max. Max. Spacing
' @ 25° C. @ 25° C. R =E/1 (Inches) | (Inches) | + .035"
.05 +80 —20 3% 60,000 ohms 265 156 .250
.10 +80 —20 3% 30,000 ohms 265 156 .250
22 +80 —20 3% 13,600 ohms 310 156 .250
47 +80 -—20 3% 6,270 ohms 425 156 .250
1.0 +80 —20 3% 3,000 ohms 615 156 375
2.2 +80 —20 3% 1,360 ohms .880 156 375
12 VOLT MAGNACAP
Capacitance Dissipation - | Insulafion Resistance | .
uf. Tolerance Factor (% Max.) Min. @ 100% Diameter | Thickness Lead
1 Kc., .05 vrms max. % 1 Kc., .05 vrms max. Rated DC Voltage Max. Max. | Spacing
@ 25° €. @25°C. R =E/I (Inches) | (Inches) | 4 .035”
.05 +80 —20 7% 800,000 ohms 310 156 .250
.10 +80 —20 7% 400,000 ohms .380 156 250
22 +80 —20 7% 180,000 ohms 575 .156 37D
47 +80 —20 7% 85,000 ohms .800 .156 379
1.0 +80 —20 7% 40,000 ohms 1.045 156 375
25 VOLT MAGNACAP
U Capacitance Dissipati Insulation Resi .
uf. Tolerance Factor (% Max.) Min. @ 100% Diameter | Thickness Lead
_____ — 1 Kc., .05 vrms max. . B 1 Ke., .05 vrms max. Rated DC Voltage ~ Max. Max. Spacing
P . @25 c . @ 25° C. R =E/f1 (Inches) (Inches) | 4+ .035"
.02 +80 —20 7% 10 megohms .380 156 .250
.05 +80 —20 7% 10 megohms 520 156 375
.10 '80 —20 7% 10 megohms 695 156 379

For applications requiring capacitors with ultra high values and low
power factors specify RMC MAGNACAPS. These new units
combine the miniature size, reliability and lower costs always
associated with ceramic capacitors. Write today on your letterhead
for additional information on MAGNACAPS.

o

s * e L e T
DISCAP b RADIO MATERIALS

CERAMIC i " A DIVISION OF P. R
CAPACITORS & GENERAL OFFICE: 4242 W. Bry
g 5 Two RMC Plants D

FACTORIES
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FIBER OPTICS

FOR ELECTRONICS ENGINEERS

A recently developed optical technique is finding a variety of applications

i data processing and display, image handling, lasers and other fields.

Here is an account of the present state of the art

By GEORGE V. NOVOTNY

Assistant Editor

FIBER OPTICS is the technique of
transmitting light through long,
thin fibers of glass, plastic or other
transparent material. A properly
aligned bundle of such fibers can
shift a complete image, element by
element, from place to place.

At present, use of fiber optics is
limited by high initial cost, but
this is often justified by special
advantages. Fiber optics can chan-
nel and guide light, often much
more efficiently than lenses can. It
can transfer an image over a short
or a long distance, while a lens
system is limited by its focal length.
The increased efficiency results in
greater sensitivity and simpler pho-
tographic techniques.

Fiber-optic bundles can be made
flexible, as in probes and fiber-
scopes, or can be fused into solid
blocks of glass, such as in cathode-
ray-tube faceplates. Glass fibers,
singly or in various forms, are
commercially available to below 10
microns diameter; there is no up-
per limit.

Light propagates through an op-
tical fiber by a series of reflections
from wall to wall; therefore only
those rays are propagated that en-
ter the end of the fiber at a small
enough angle to cause total reflec-

Loose bundle of optical fibers, made by American Optical Co, conducts
light from candle flame and releases it in lower right corner




/CLADDING ne TYPICAL FIBER
¥ ] ng = L7
. Ng & 1.5
=== 4 9 N.A = 0.8
g X imox = 53°
== |
CORE f - NUMBER = 0.625

NUMERICAL APERTURE N.A. = sin imqx =

+/ ng2 - nc2

EQUIVA = 2 —_—
QUIVALENT f - NUMBER ZNA.

FIG. 1—Maximum angle in. at which a fiber accepts light depends on the
indices of refraction of fiber and cladding. Typical values shown at right

RAY EXITS AS CONICAL ANNULUS
i=0

\ "Iﬁ\

BIASED END CUT SHIFTS EXIT CONE

STRAY

STRAY LIGHT CONE

CONICAL ANNULUS
SPREAD TO BAND

TAPERED FIBERS
STRAY LIGHT CONE

IMAGE CONE \

FIG. 2—Behavior of light rays in different fibers. A more complex analysis
applies to rays that do mot enter through center of face (skew rays)

FIG. 3—Flexible fiberscope made by Armour Research Foundation for use
by Sandia’s Livermore Laboratory in missile applications
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tion from the walls (see Fig. 1).
For lossless reflection, the walls
must be smooth and clean. A ray
in a 50-micron fiber undergoes
about 4,000 reflections a foot.

When two glass fibers come
within about half a wavelength of
each other, some light leaks from
one to the other. If the fibers are
small and closely packed, they touch
over an appreciable area, and leak-
age, or “crosstalk’”, becomes a se-
rious problem. Such a bundle would
degrade the transmitted image by
loss of contrast.

For this reason, fibers are usually
insulated from each other by a thin
jacket of transparent material
whose index of refraction is lower
than that of the fibers. This clad-
ding, usually glass, both reduces
crosstalk and protects the smooth
reflecting walls. Cladding must be
at least a wavelength, or 0.5 micron,
thick.

An additional thin layer of dark
absorbing coating is sometimes
added over cladding, to further
increase contrast and absorb scat-
ter light. This is called E.M.C.,,
extramural cladding, or E.M.A., ex-
tramural absorption.

The maximum angle (7...) at
which a clad fiber in air accepts
light for transmission is deter-
mined by the indices of refraction
of core and cladding material, n,
and n, respectively, and is

imax = arc sin v n,2 — n2

The expression (n,” — n,*)?* is the
nominal numerical aperture, N.A,,
of the fiber, and is a measure of
its efficiency: the light-gathering
power is proportional to (N.A.)*
Effective nominal apertures are
somewhat lower. Typical values
are 0.5 to 0.97. Quantity N.A. is
related to equivalent photographic
lens speed by the relation

1
L 2 (f-number)
where the f-number is the ratio of
focal length to effective diameter
of the lens.

Cladding reduces N.A., since its
index of refraction exceeds that of
air (n, = 1) ; also it introduces a
dead area into the bundle cross-
section.

A fiber optic bundle will not, in

electronics



general, transmit an image unless
it occurs right on its input face or
very close to it. This may be a
physical image, such as a drawing,
or an optically focused real image
(as distinet from a virtual image,
such as seen in a telescope eye-
piece). Without a focusing system,
a bundle will not ‘“see” an image
any distance away.

If all fibers of a bundle are
aligned in substantially the same
relative position at both ends, the
bundle is coherent, and will trans-
mit an image. If the fibers are
scrambled, the bundle becomes in-
coherent, and will act as a light
pipe, or in special cases as an op-
tical encoder. Bundles can be ta-
pered (each fiber then has a taper)
to enlarge or reduce an image or
to concentrate or diffuse a light
source; the bundle faces may be
ground and polished flat or curved,
according to the application. Fig-
ure 2 shows the behavior of light

rays in some differently shaped
fibers.
Some light is always lost in

transmission through a fiber bun-
dle. Almost all the loss is due to
absorption in the glass, not to the
reflections from the walls. A typi-
cal fiber-optic crt faceplate 3-inch
thick delivers 90 percent of the
received light, and a flexible bundle
7 feet long loses about half its in-
put light.

The resolving power of a fiber
bundle depends on the fiber diam-
eter, fiber separation, -cladding
thickness. Generally, definition can
be expressed as

1

W=D

lines /unit length

where D is the fiber diameter. Us-
ing dynamic scanning (vibrating
the bundle in the plane of the
image) this can be increased to
about 1.22/D lines per unit length,
as the vibrating fibers cover the
area that in a stationary bundle
would be taken up by cladding and
dead space.

Only the fibers in an image bun-
dle transmit useful light; the over-
all efficiency is reduced by the
amount of cladding and spaces be-
tween fibers. This depends on the
geometrical arrangement of the
fibers. The reduction factor ranges
from 70 to 92 percent.
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FIG. J—Duncan Betapot potenti-
ometer uses glass fiber to direct
light onto photoconductive track, to
make contact between resistive and
collector rings

To make a glass fiber, a glass cyl-
inder say 1 inch in diameter and
12 inches long is carefully ground
and polished, then tightly fitted
with a tube of the cladding glass.
The two are fused by r-f heating
and then drawn out to the desired
diameter.

Fiberscopes are probably the
best known application of fiber op-
ties. They consist of clad fibers,
loose except at the ends where they
are aligned, potted and ground. The
entire bundle is protected by an
outside sheath. Lubrication be-
tween fibers is often used to im-
prove flexibility. Fiberscopes can
be bent to a radius of the order of
one inch. Typical resolution is 20
to 50 lines/mm.

A representative  fiberscope,
shown in Fig. 3, has 2,000 fibers,
each 0.002 in. in diameter, is three
feet long, has overall diameter of
¢ inch. Lenses at both ends focus
images; the inner fibers transmit
the image while the outer fibers
carry light to the object being
viewed.

Similar probes are made for med-
ical purposes: viewing the interior
of body cavities, such as the duod-
enum or the heart. A uretoscope
made by American Cystoscope Mak-
ers has an outside diameter of 33
mm, contains 50,000 lubricated fi-
bers. Probes are also used for
viewing the inside of missile tanks,
engines or other cavities and carry-
ing the image from an inaccessible,
vibrating or dangerous location di-
rectly to television cameras or eye-
pieces. One single fiber can carry
one bit of information, such as the
presence or absence of light or color

(fire warning in aircraft). Un-
aligned flexible bundles provide re-
mote illumination (American Opti-
cal’s intracardiac illuminator).

An unaligned fiber optic bundle
used in a remote pyrometer for mis-
sile applications, fabricated by Ar-
mour Research Foundation, is il-
lustrated on the cover.

An unusual electronic use of a
single optical fiber is the contact-
less Duncan Betapot potentiom-
eter, shown in Fig. 4. A rotating
arm with a light-conducting optical
fiber focuses light on a photocon-
ductive track, which then closes the
circuit between concentric resistive
and collector tracks. This affords a
noise-free, frictionless pickoff with
infinite resolution and absence of
track wear.

Cathode-ray-tube faceplates made
of fiber-optic mosaics have a num-
ber of advantages in exacting dis-
play applications. Since the phos-
phor 1is applied directly to the
inside face of the fibers, parallax is
eliminated, and a brighter-than-
normal focused image is available
on the outside face of the tube.
The image is brighter than normal
because the fibers gather light rays
that in ordinary glass would be
scattered through 180 degrees.

Such an image can be photo-
graphed by contact-print methods,
eliminating lenses and shutters,
saving space and set-up time. Im-
age flattening is often incorporated
in the fiber optic faceplate, thus
reducing distortion (see Fig. 5).
Good resolution is available: a 3-
inch diameter faceplate made by
Mosaic Fabrications has 625 mil-
lion fibers (a conventional televi-
sion image can be resolved by 250,-
000 elements).

In photographing an oscilloscope
trace, the most powerful lens usu-
ally available is an f/2.8. The equiv-
alent numerical aperture of an
f/2.8 lens working at 1:1 magnifi-
cation is 0.09, therefore the light
gathering power of a fiber-optic
faceplate with an N.A. of 0.9 is
0.9°/0.09* or 100 times greater.
Other factors may reduce this ad-
vantage somewhat.

"~ Thus a fiber-optic faceplate has
available a greatly increased
amount of light or radiation en-
ergy. If this extra light is not
all needed, several circuit improve-
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ments can be made: faster scanning
rate, reduced final anode potential,
lower scanning power, less screen
burning and freedom from X-radi-
ation, lower operating beam cur-
rent, lower drive voltage, sharper
focus, possibly even electrostatic
instead of electromagnetic focusing.

Comparable advantages result
from applying fiber optics to other
image-handling tubes (see Fig. 6).
Fiber-optic-faced vidicons respond
to as little as 0.5 footcandle illum-
ination on the tube face. For high
resolution, vidicon faceplates use
fibers as small as 0.0006 in. For
more sensitive requirements, a
fiber-optic image orthicon (RCA)
can operate with as little as 0.02
footcandle on the tube face, and in
special applications at much lower
levels.

Manufacture of image orthicons
with fiber-optic faceplates presents
special problems because of chem-
ical interaction between the photo-
cathode and the fiber glass; also
special sealing techniques had to
be developed because of unusual ex-
pansion characteristics of the non-
homogenous fiber-optic faceplate.

A related use is in image-han-
dling systems such as image inten-
sifiers, where fiber-optic bundles are
used as coupling between stages,
again saving space and improving
quality over lens systems. A pos-

sible two-stage image intensifier is
shown in Fig. 7TA. In such appli-
cations, extramural absorption
coating is usually applied to pre-
serve contrast of the faint images.
A similar application is image in-
tensification in X-rays to cut down
exposure time,.

A direct outgrowth of fiber optic
faceplates are electrical mosaics,
which consist of a glass matrix with
metal wires running from one face
to the other. The wire center-to-
center spacing is 0.001 to 0.004 in.,
with wire diameters a tenth to half
the space. They are used as cath-
ode-ray-tube faceplates for direct
electrostatic readout. This has
been done successfully by A. B.
Dick Co.

The resolution of a simple elec-
trical mosaic is limited by capaci-
tive coupling. An improvement is
the chemically etched “intagliated”
electrical mosaic, shown in Fig. 7B,
which has low interelectrode capaci-
tance and high writing-area effi-
ciency.

A suitably designed fiber optic
bundle can take an image in one
form and convert it into a more
convenient form, for recording,
readout or other processing. A scan
converter, illustrated in Fig. 8A,
converts the rectangular image on
a crt into a long thin image. If a
photographic film is placed against

the thin end of the converter, it
can be moved continuously to re-
cord all information shown on the
tube. This process increases the
effective resolution of the image,
and simplifies the recording or
transmission of the image.

Such a system can be used with
a high-speed, high-resolution fac-
simile transmitter. For instance,
in transmitting a 20-in. wide de-
tailed drawing using a flying-spot
scanner with a 3-in. long scanning
line, the smallest element size that
could be resolved is about 0.02 in.
in diameter. If a fiber-optic trans-
former bundle with 20,000 fibers
of 0.001-in. diameter is used, an
element size of at least 0.002 in. in
diameter can be resolved.

Another image shape converter,
shown in Fig. 8B, converts a cir-
cular trace to a straight line. Such
a converter has been also used in
reverse for a rotary-scanning spec-
troscope. Other possibilities are
radial converters (radar and so-
nar), spiral converters (radar).

Image dissection with fiber op-
tiecs can be used in flying-spot scan-
ners, as shown in Fig. 9A. Fiber-
optic coupling here is much more
efficient than a lens system, and
thus more light is transmitted with
greater accuracy. This shows up
in the system as an improvement
in the signal-to-noise ratio of the

FIG. 5—Cathode-Ray-tube with image-flattening fiber optic faceplate, Mosaic Fabrications, (left); faceplate for full-
page readout, with § by 83-inch fiber-optic strip by American Optical, (right)
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order of 25, and a consequent re-
duction in error rate, or a possible
increase in scanning speed. Such
scanners are also applicable in com-
puters with optical memories.

A fiber-optic scanner using a re-
volving lens, developed by Gulton
Industries, is shown in Fig. 9B.
Here the crt image is transformed
into a circle of fibers, and the ro-
tating lens focuses each fiber suc-
cessively onto a phototube.

Coding of secret messages is a
classical application of fiber optics.
A fiber bundle is aligned at both
ends, then scrambled in the middle,
potted and cut. The resulting
halves serve as encoders or de-
coders: a scrambled message ap-
pears as a random scattering of
black dots. The problem, of course,
is how to make the scrambler re-
producible in quantity. A device
marketed by RCA for use by banks
for coding clients’ signatures is
shown in Fig. 10.

At present, fiber optics is expen-
sive, most of the cost being due to
custom fabrication and precision
labor. A 5-inch ecrt faceplate costs
roughly $1,200; a 5-mm square flex-
ible fiberscope four feet long costs
$1,050. Incoherent and low-defini-
tion devices are cheaper, while im-
age transformers and other custom
items are considerably more expen-
sive. Prices can be expected to
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FIG. 7—Image intensifier, (A),
uses fiber optic coupling between
stages; an electrical mosaic such as
used im an electrostatic readout
c.r. tube, (B)
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FIG. 6—Video tubes using fiber-optic faceplates, from top to bottom,

cathode-ray tube, two image orthicons and a vidicon, all by RCA

FIG. 8—Image converters trans-
form information into more con-
ventent form: raster to line, (A),
circular-to-line, (B)—both can also
operate in reverse
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FIG. 9 — Fiber-optic flying-spot
scanner, (A), can be used for read-
ing optical memory in computer.
Revolving-lens fiber optic scanner,
(B) produces sequential scanning
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drop as mass production and some
degree of standardization are in-
troduced.

Optical fibers are generally made
for the visible spectrum, and their
response falls off at both the ultra-
violet and infrared ends. Recent re-
searches have extended the range.

At the ultraviolet end, glass fi-
bers transmit down to 3,300 ang-
stroms, but 4,000 is the present
practical limit. Quartz fibers oper-
ate to 2,000 angstroms but are
difficult to clad.

In the infrared region, practical
limit is 10 to 12 microns. Arsenic
trisulfide glass is used for special
infrared fibers, with experiments
up to 25 microns in progress. At
this end, the path length of the ray
between reflections approaches half
its wavelength and absorption re-
sults.

As the glass fibers are made
thinner and their diameters become
comparable fo the wavelength of
light, optical geometrical analysis
no longer applies, and the fibers
behave as dielectric waveguides,
exhibiting waveguide transmission
modes (see Fig. 10). It is then
possible to calculate the waveguide
modes that can be established and
deduce the conditions for their ex-
citation.

By its ability to sustain a rela-
tively small number of modes with

extremely low loss factor, the glass
fiber fulfills one of the important
conditions necessary to produce a
laser action. Optical fibers, there-
fore, may find their most important
application in the future not as sim-
ple light pipes but as conductors
for ultrahigh-frequency radiation.

A single optical fiber replaces
the ruby crystal in the laser; rather
than acting as a resonator with
both ends silvered, it is left “open”
and acts as a traveling-wave oscil-
lator or amplifier. Light travels in
one direction throughout the length
of the fiber, interacting with virtu-
ally all the atoms in its path, and
emerging with high energy density.
Fiber lasers have two main advan-
tages:

By controlling the indices of re-
fraction of the core and cladding
materials, the modes of the laser
can be varied, corresponding to dif-
ferent waveguide modes. This is
not possible with crystal lasers.

Laser action by glass fibers is
at much lower power levels than
other existing laser schemes. En-
ergy spikes from the fiber are
much shorter than with a crystal;
of the order of 0.5 microsecond
compared to about 5 microseconds.
A number of fiber lasers can be op-
erated from one single low-power
flash tube. The first fiber laser was
built by E. Snitzer of American Op-

tical Co. in Southbridge, Mass.

Laser fibers are commercially
available (Mosaic Fabrications) in
diameters from 0.5 to 8 mils; they
are made of glass doped with ne-
odymium, which produces the char-
acteristic wavelength of 1.06 mi-
crons, and are about 30 inches long.
The smaller fibers, 2 mils and be-
low, can be wrapped around the
laser flash tube. A subject of cur-
rent research is the use of fiber
lasers in computers, and for ampli-
fication of complete images.

Thanks are due to the following
for their help in preparation of this
article: Robert J. Potter, IBM;
J. W. Hicks, Mosaic Fabrications,
L. J. Krolak, RCA; L. E. Curtiss,
American Cystoscope Makers; E.
Snitzer and R. Kazarian, Ameri-
can Optical Co.,, N. S. Kapany,
Optiecs Technology Inc.
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Microwave tunnel diode mount. The diode is mounted underneath

EXTENDING

Tunnel Diode Operating Frequency

Using a special waveguide transformer and mounting,

top operating frequency of a tunnel diode can be raised to 100 Ge

By KORYU ISHII
CORDELL C. HOFFINS
Department of Electrical Engineering,

Marquette University, Milwaukee, Wis.

ALTHOUGH TUNNEL (ESAKI) diodes
are now commercially available
only for frequencies up to X-band
(8,200-12,400 Mc), it is possible
to operate ordinary tunnel diodes
at frequencies as high as 100 Ge.'
Tunnel diodes are generally eco-
nomical in comparison with ther-
mionic devices, but this is not al-
ways true at microwave or higher
frequencies; the price of microwave
tunnel diodes rises rapidly with the
operating frequency. For example,
the X-band tunnel diode is 25 times
more expensive than the audio-fre-
quency tunnel diode and 5 times
more expensive than the S-band
(2,600-3,950 Mc) one. Thus, it is
economical to use a low-frequency
tunnel diode at the higher fre-
quencies.

Given a tunnel diode mounted in
a microwave circuit, the only physi-
cally adjustable parameter in the
microwave circuit is the circuit it-
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self. The microwave circuit must
be designed so that the microwave
impedance of the circuit matches
the negative impedance of the tun-
nel diode at a desired operating fre-
quency. A 1N3219A S-band tunnel
diode was used in a microwave cir-
cuit designed to operate with this
diode in the X-band.

A schematic diagram of the ex-
perimental system is shown in Fig.
1. The 1N3219A S-band tunnel di-
ode (strip-line type package) was
mounted in a specially designed
X-band waveguide transformer.
The waveguide transformer section
was d-c insulated from the re-
mainder of the X-band waveguide
circuit to provide biasing and oscil-
loscope display. The tunnel diode
was biased by either the variable
d-c bias supply or sweep bias sup-
ply. The d-c bias voltage was read
by a millivoltmeter and the volt-am-
pere characteristic of the tunnel
diode displayed on the oscilloscope.
Connecting flange A to B in Fig. 1,
the microwave output of the tunnel
divde was detected by an RWT
microwave superheterodyne re-

ceiver and displayed on the output
meter and oscilloscope, the E-H
tuner was used for impedance
matching and the isolator was used
for stabilizing the circuit.
Frequency of oscillation was
determined by the cavity wave-
meter, waveguide shorting plunger
and RWT receiver (a wide-range
multiband receiver 2-75 Ge). The
tunnel diode output power was com-
pared with the output of a 2K25
reflex klystron test oscillator for
the output power measurement.
This method was used because the
output power of the tunnel diode
was too small for accurate measure-
ment by a conventional power
meter. Connecting flange B to C
and waveguide switch 1 to 2 in Fig.
1, the reflex klystron output was
fed to the receiver. The TPX-
27PB/TTA attenuator was adjusted
to produce the same output meter
reading on the receiver as t+he tun-
nel diode output. From the atttenu-
ator reading and the power meas-
ured at the waveguide switch by
the bolometer and the power meter,
the output power of the tunnel di-
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FIG. 1—Schematic diagram of the test circuit used to extend tunnel-

diode operating frequency

ode was determined by calculation.

A sketch of the tunnel diode
mount used in this experiment is
shown in Fig. 2. The mount was
designed for 8.5 Ge. It uses the
tapered waveguide section for im-
pedance transformation and a
quarter wavelength line r-f bypass
on one side of the guide and a three
quarter line r-f bypass on the other
side of the guide plus a resistive
film network one half wavelength
from the inside of the guide for the
tunnel diode characteristic display.
The two sections of the waveguide
are insulated with polystyrene, and
clamped with nylon bolts. The en-
tire waveguide is insulated from
the remainder of the microwave
circuit by a dielectric spacer be-
tween the end flanges. The diode is
mounted using a spring-loaded
pressure contact and can be posi-
tioned at any point along the cross-
section of the waveguide. This
mounting allows the diode to be
placed at the optimum position
within the guide where input im-
pedance to the mount provides a
proper load to the diode for maxi-
mum power output.

Two film resistor strips were em-
ployed to suppress low-frequency
parasitic oscillations and to display
the diode volt-ampere characteristic
for monitoring. Both film resistors
were separated by a brass strip as
shown in Fig. 2. Bias voltage was
applied between the upper part of
the waveguide and the brass strip.
The bias voltage appeared between
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the upper and lower sections of the
split waveguide and was applied to
the horizontal axis of the scope.
The voltage appearing across the
18-ohm resistance strip, which is
proportional to the diode current,
was applied to the vertical axis of
the oscilloscope.

The design absorbs the junction
capacitance of the diode into the
distributed-parameter capacitance
of the mount, thereby rendering it
ineffective and enabling the diode
to operate beyond its self-resonant
frequency, determined by its series
inductance and junction -capaci-
tance. Assuming both ends of the
waveguide mount are matched, the
load impedance presented to the
tunnel diode was calculated using

SPLIT RG652/U

STRAIGHT WAVEGUIDE
SECTION LENGTH: 12

s . 3
oo
THICKNESS: &

a modification of the method pro-
posed by Tanaka.?

: 3 R
= ?[1—+T“‘? +
g i bu Ny
J—ljff?]’if "% P

N, is the operating free space wavelength,
(meter)

X, is the operating waveguide wavelength,
(meter)

b is the height of the rectangular wave-
guide, (10.2 X 1073 meter)

b, is the height of the tapered waveguide at
the narrowest portion, (1 X 1073 meter)

a is the width of the rectangular
waveguide (22.9 x 10~ meter) and
x, is the mounting position of the
diode, that is the transverse dis-
tance from the waveguide wall to
the center of the diode. The load
impedance Z, was calculated using
a digital computer for the fre-
quency range 8.5 Ge to 9.6 Ge for
various mounting positions z,. The
magnitude and phase angle of the
load impedance is shown in Fig. 3.
These computed results indicate
that the load impedance of this type
of waveguide mount is suitable for
matching to the tunnel diode im-
pedance.

Before a signal can be detected
using a receiver, the presence of
microwave oscillations of the tunnel
diode is evidenced by noting the
shape of the volt-ampere character-
istic displayed on the oscilloscope.
When there is no oscillation, the
V-I curve is smooth as shown by
the top pattern in Fig. 4. When the

MODIFIED UG-38/U
FLANGE

FIG. 2—Waveguide mount for the tunnel diode; the position of the diode
can be adjusted continuously to find optimum input impedance
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diode oscillates with adjustment of
the microwave circuit, a step ap-
pears in the negative resistance
portion of the V-I curve as shown
by the middle pattern in Fig. 4.
With strong oscillation, the step is
more emphasized as shown by the
bottom pattern in Fig. 4. It appears
that this method of detection is
more reliable than the use of a
superheterodyne receiver at the ex-
tremely small signals encountered.

Once the presence of oscillation
is observed from the oscilloscope
display of the volt-ampere curve,
the microwave superheterodyne re-
ceiver can detect the microwave
output of the tunnel diode. The fre-
quency of oscillation was checked
with the cavity wavemeter and by
measuring the waveguide wave-
length using the shorting plunger.
The three different ways of check-
ing the S-band tunnel diode fre-
quency agreed, indicating that the
diode was indeed oscillating in the
X-band. The frequency was very
stable both for mismatching and
for long time operation.

Factors determining the micro-
wave tunnel diode oscillator per-
formance were the shorting
plunger, mounting position of the
diode, bias voltage, dielectric block
tuner and end flange insulation.
The waveguide shorting plunger
terminating one end of the tunnel
diode mount has a certain effect on
the tunnel diode performance. The
plunger setting had a marked effect
on the output power due to imped-
ance matching. The output fre-
quency deviation due to the short-
ing plunger was 8 Mc, which was
small. When the output power was
optimally adjusted, the shorting
plunger had little control on fre-
quency.

Theoretical analysis indicated
that the load impedance to the tun-
nel diode varied as a function of
the diode mounting position, as
shown in Fig. 3. Thus, there is an
optimum mounting position for a
given diode. Although the experi-
mental results indicate that % of
the waveguide width from the /4
r-f bypass wall is the optimum
mounting position, the results
might not be conclusive due to an
uncontrollable contact resistance
between the diode package and the
waveguide. This experiment indi-
cated that it may be advisable to
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FIG. 3—Load impedance of the
tunnel diode, and phase angle,
against mounting position

FIG. j,—Tunnel-diode voltage-cur-
rent curve; no oscillation (top),
weak (center), strong oscillation
(bottom)

silver-plate the contact surfaces to
reduce the contact resistance. The
operating frequency varied as much
as 1.5 Ge with changes in the con-
tact condition.

The bias supply voltage had sig-
nificant influence on the output
power and frequency. The experi-
mental results indicate that the fre-
quency can be varied over a range
of approximately 60 Mc by adjust-
ing the bias supply voltage. There
exists an optimum bias supply volt-
age for maximum output at a given
load impedance. Also the output
power changed considerably with
the bias voltage. To avoid this out-
put power change during voltage
tuning, the following experiment
was performed. A dielectric block
of 12 mm X 10.5 mm X 16 mm
made of Plexiglass was mounted
on the A/4 r-f bypass so that the
dielectric block could slide along
the r-f bypass. The dielectric block
was capable of changing the fre-
quency over a range of 25 Mc with
an output power change of less than
1 db with the bias voltage fixed for
maximum power output.

The thickness of the insulation
between the end flanges F, and F.
in Fig. 1 had a considerable effect
on the power output and the fre-
quency of oscillation. The dielec-
tric (polystyrene) spacer at flange

F; had to be at least s inch thick
to obtain a high power output.
Power output varied from —37.5
dbm to —25 dbm by using spacings
of 0.004 inch to s inch respectively.
Negligible effect on frequency was
noted. The spacing at flange F'. had
a large effect on frequency, but a
negligible effect on output power.
A frequency change of 1,710 Mec
from 7,300 Mec to 9,010 Mc was ob-
served by changing the spacing
from 0.004 inch to 0.001 inch re-
spectively.

The microwave tunnel-diode os-
cillator exhibited good frequency
stability over a wide range of load
mismatch. The 1N3219A S-band
tunnel diode operated in the X-band
producing a maximum frequency of
9.5 Ge with a maximum power out-
put of —15 dbm. The diode was
voltage tunable, the voltage tuning
range being 40 Mc at 7.4 Ge¢ which
is comparable to or better than that
of reflex klystrons.

The authors thank the Marquette
University Computing Center for
the use of the IBM 1620 digital
computer. The authors also thank
J. E. Billo, J. A. Stefancin and S.
Krupnik, Jr., for their assistance.
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Variable bandwith filter can be used to make bandwith a function of signal level

Voltage-Variable Bandwidth Filter

T'wo-tube circuit has voltage controlled, continuously variable bandwidth between

200 Ke and 15 Mec at 30-Mc center frequency with nominal insertion loss of zero db

By RONALD HIRSCH, President, RHG Electronics Laboratory, Inc., Farmingdale, L. 1., New York

DURING a military program to pro-
vide a search radar system with
added flexibility and extended use-
ful range, the requirement for sev-
eral preamplifiers was presented.
The existing system had a typical
front end consisting of an X-band
mixer and a 30-Mc low-noise pre-
amplifier with 10-Mc bandwidth. To
achieve a greater search range, the
bandwidth of the system had to be
narrowed since noise power is di-
rectly proportional to bandwidth.
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The first thought was to provide
a series of filters covering the
range of bandwidths and a number
of coaxial relays to choose the filter.
However, this was a cumbersome
technique, offered only a series of
steps of bandwidth, and was me-
chanical. The following character-
istics were deemed optimum; band-
width should be variable from 500
Ke to 15 Mc; adjustment should be
continuous, not steps; insertion loss
should be 0 db nominal at all set-

tings; control should be accom-
plished by a voltage or current of
low power drain; the device should
be all electronic, with no moving
parts and should be of reasonable
size and easy to install.

The circuit of Fig. 1A shows that
variable bandwidth is achieved
through control of bias on a
grounded-grid stage. Power gain
of the pentode stage is Gm," R, R,
while power gain of the triode is
Gm. R,. However, R, = (r, +

electronics



1
E 24 :‘@E E
IN | Ve 0
Vi |
L
% = SR
5
L : p— TO CONTROL
R, | VOLTAGE 5
< | RO
| == 9
|
R |
= d
(A)

FIG. 1—Basic circuit of variable bandwidth filter (A) and final circuit (B)
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FIG. 2—Bandwidth against applied bias in a typical performance (A) with bandpass response (B)

R,) /p in parallel with the coil in-
terstage losses. Neglecting the in-
terstage losses and assuming that
R, is small compared to 7, then
R, = r,/p = 1/Gm.. The gain of
the pentode stage is then Gm* R,
(1/Gm,) and the overall gain then
becomes Gm,* R, R,. However, the
interstage bandwidth is 1/2= C R,
and since 27 C is constant, the
bandwidth varies directly as the
Gm of the triode.

As tube loading approaches cir-
cuit loss loading, a slight reduction
in overall gain occurs. The inter-
stage tank circuit uses high-Q com-
ponents, and allows narrow band-
widths to be achieved.

The two important factors in the
design of the unit in Fig. 1B are
the available Q in the interstage,
and the input impedance at the
cathode of the grounded-grid stage
at its normal operating point. For
the 6BC4, 1/Gm = 100 ohms is the
resistive load at widest bandwith
(heaviest damping) presented by
the tube; using Af = 1/2= RC and

= 1/2# R Af with Af = 15 Mec
and R = 100 ohms, C =~ 105 pf.
Thus to achieve a maximum band-
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width of 15 Mc when the 6BC4 is
operating in the normal current re-
gion, a total shunt capacitance of
105 pf must be provided.

Allowing about 15 pf for tube
capacitance, a padding capacitance
of 90 pf must be used. In the actual
circuit, an 82-pf mica and a 1-9 pf
glass trimmer supplied this amount.

To minimize the effects of coil
loading, coil Q must be kept as high
as possible. At 30 Mec, to resonate
with 105 pf, a coil of about 0.28 uh
is required. This coil may be
achieved by winding 5 turns of No.
12 wire on a #-inch form. To insure
the best Q, silver wire should be
used.

Measurements of Q indicate that
it is well over 350, and will have lit-
tle effect on the circuit.

If a standard slug-tuned coil
were used, the available Q would
have been less than half this
amount.

Referring to Fig. 1B note that a
330-ohm resistor is used in the plate
of the 6BC4. This is a d-c¢ return
as the load resistor of 50 ohms,
which is used externally, will con-
trol the impedance level. Should the

saturation capability be too low for
an application, this impedance level
may be raised by an r-f trans-
former.

Figure 2A shows a plot of band-
width against applied bias. This
curve can be shaped to any pacticu-
lar curve desired through the use
of large cathode resistors, plate re-
sistors, and networks preceding the
bias input to the grounded-grid
stage.

Figure 2B is a presentation of
bandpass response at maximum and
minimum settings of R..

There are many applications
where this instrument will offer ad-
vantages.

Several of these are: laboratory
studies of noise and related phe-
nomena where system bandwidths
(and, therefore, noise bandwidths)
must be optimized; panoramic re-
ceivers, to achieve variable resolu-
tion; radar receivers, where the ste
voltages or age voltage may be used
to improve s/n ratios by narrowing
bandwidths; and evaluation of op-
timum fixed bandwidths in systems
by substituting a variable device in
prototype system.
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FLUX-GATE MAGNETOMETER

Toroidal core with semicircularly wound second-harmonic detector windings acts as

a field-sensitive element, is used with switching transistors in a battery-operated

flux-gate magnetometer of small size, light weight and minimum power requirements

By WILLIAM A. GEYGER

U. S. Naval Ordnance Laboratory,
Silver Spring, Md.
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FIG. 1—Various core configurations illustrate the evolution of the ring-
core flux-gate magnetometer

FIG. 2—Fundamental principle (A) of the ring-core flux-gate element;
various windings arrangements with winding angles of 180 deg (B),
90 deg (C) and 45 deg (D), plus the single-winding type (E); waveforms
characterizing the operation: exciting current (F'), phase-reversible output
voltage (G and H)
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IN VIEW OF increasing interest in
flux-gate magnetometers applica-
tions, particularly in earth-satel-
lite equipment with solar-battery
supply, recent research work has
produced an improved flux-gate ele-
ment with minimized magnetizing-
current requirements. This develop-
ment uses a toroidal core without
air-gap as the field-sensitive ele-
ment by applying special winding
techniques, preferably semi-circu-
larly wound and differentially con-
nected second-harmonic detector
windings." Other important as-
pects are various advantageous cir-
cuit configurations and a mnovel
method for providing the a-c exci-
tation of a ring-core flux-gate ele-
ment from a switching-transistor
magnetic-coupled multivibrator so
that the oscillation frequency is
solely determined by the parame-
ters of the ring core and its exci-
tation windings.* Since, in this
arrangement, the core flux is
swinging between saturation levels,
and because all parts of the ring
core operate in the saturation re-
gion, memory effects are elimi-
nated.

The field-sensitive elements of
conventional forms of second-har-
monic flux-gate magnetometers®
consist of two parallel nickel-iron
alloy strips or scrolls, Fig. 1A, with
series-aiding a-c¢ excitation (pri-
mary) windings N, and series-op-
posing detector (secondary) wind-
ings Ng, In such straight-core
structures with a large air gap
(open magnetic circuit), the effec-
tive permeability (u..;) is a func-
tion of the core geometry as well
as of the permeability of the mag-
netic material itself." To obtain a
high sensitivity of these flux-gate
elements (a high value of w..),
the longitudinal dimension of the
straight cores is generally great in
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proportion to the transverse dimen-
sion.

In the modified flux-gate con-
struction of Fig. 1B, a closed mag-
netic circuit has been provided to
reduce the magnetizing current
requirements. This construction,
however, has the serious disadvan-
tage that, although the magnetic
material near the rectangular core
window may be driven well into
saturation, large portions of the
core do not operate in the satura-
tion region. Thus, undesirable
memory effects, due to remanence
after applying a large external
field, may be produced in this type
of single-core flux-gate element.

This undesirable property of the
core configuration of Fig. 1B can
be eliminated by applying a rec-
tangular core, Fig. 1C, having sub-
stantially the same cross-sectional
area around the core window. Fig-
ures 1D and 1E show that either an
elliptical or toroidal core may be
used equally well, provided that the
effective permeability p.,, has a
sufficiently high value. The ring-
core structure of Fig. 1E provides
the important advantage that com-
mercially available, either tape-
wound or laminated (washer-type),
cores can be used without any
change, by varying the arrange-
ment of the windings.

The results of investigations
with toroidal cores of various sizes
and different core materials have
shown that the effective permeabil-
ity p.er of such a ring-core flux-gate
element is a function of i-d/o-d ra-
tio and mean diameter of the core,
as well as of the permeability of
the magnetic material. For exam-
ple, when using Supermalloy 2-mil
tape cores (i-d/o-d ratio is in the
range from 0.85 to 0.98; mean
diameter is 0.5 to 1.5 in., or less)
with semicircularly wound and dif-
ferentially connected second-har-
monic detector windings, a sen-
sitivity of 1,000 microamperes per
oersted or 1 volt per oersted can
be achieved.

Besides the possibility of em-
ploying such commercially available
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toroidal cores, application of ring-
core flux-gate elements has these
advantages:

(1) Relatively high excitation
frequencies, above 10,000 cps, may
be used by taking full advantage
of the favorable magnetic proper-
ties of 1-mil or %-mil tapes (con-
siderably reduced eddy-current
losses and skin effect), preferably
wound in the usual way on small,
ceramic bobbins. Such ultrathin
tapes, however, can not be used suc-
cessfully for the conventional
straight forms of fiux-gate ele-
ments, Fig. 1A.

(2) The size of ring-core flux-
gate elements may be correspond-
ingly reduced (mean diameter =
0.5 in., or less) to permit point
measurements on small areas of
inhomogeneous fields.

(3) Because a closed magnetic
circuit is provided in the ring-core
structure, the magnetizing-current
requirements are reduced to the
minimum.

(4) Since all parts of the ring
core, acting as a flux-gate, operate
in the saturation region, memory
effects, due to remanence after
applying a large external field, are
eliminated.

(5) Because the two active parts
of the flux gate; that is, the two
semicircular portions of the ring
core, belong to the same core, the
matching of the magnetic charac-
teristics of these parts is greatly
facilitated.

(6) Distortion of the magnetic
field in the vicinity of a ring-core
flux gate is inherently independ-
ent of its angular position. This
contrasts with the properties of
straight-core flux gates, Fig. 1A,
and other core configurations, Fig.
1B to Fig. 1D, where the field-dis-
torting effect depends upon the an-
gular position of the flux gate.

(7) The symmetrical core struc-
ture of a ring-core flux-gate ele-
ment, Fig. 1E, makes it possible
to apply, for special purposes, sev-
eral second-harmonic detector wind-
ings having different angular dis-
placements with respect to the

Demonstration magnetometer with %-
inch flux gate and polarity-sensitive
demodulator uses 6.75 v, detects move-
ments of ferromagnetic parts of watch

direction of the external field.
Application of such multiple detec-
tor windings on a common core
permits, for example, removing the
cosine-law directivity and provid-
ing an omnidirectional magnetom-
eter having a nearly circular direc-
tional characteristic, for coverage
in all directions in a horizontal or
vertical plane.

Although the ring-core struc-
ture and the conventional flux-gate
structure with two parallel straight-
core elements are different, their
operating principle is the same.
Figure 2A shows that the semicir-
cular portions of the toroidal core
are influenced alternately, by the
sum of difference of H, . and the
external steady field H to be meas-
ured during both half-cycles of the
exciting a-c magnetomotive force
H, . for example, the earth’s field.
Thus, the total magnetomotive
force in these semicircle portions
will be H, = H, . + H,, and H, =
H,. — H,; The magnetomotive
forces, H, and H,, give rise to cor-
responding fluxes, ¢, = ¢ 4.« + dsu,
and ¢. = b, — bsy. The first com-
ponent, ¢, is common to both
semicircle portions of the core and
varies with the excitation fre-
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quency. The second (even-har-
monic) component, ¢, exists be-
cause of Hy combined with H, ..
The corresponding phase-reversible
second-harmonic output voltage,
produced across the detector wind-
ings, is a measure of the external
field influencing the toroidal core
which acts as a flux gate.

The semicircle portions of the
ring core, Fig. 2A, operate like two
separate cores, corresponding to
the two parallel strips or scrolls,
Fig. 1A, for second-harmonic flux
components. These flux components
can be utilized by second-harmonic
detector windings, which are asso-
ciated with the semicircle portions
of the core. These windings are
uniformly distributed along the
semicircular portions of the core
(winding angle = 180 degrees), as
shown in Fig. 2B, but smaller wind-
ing angles, Fig. 2C and 2D, or a
single, diametrically wound detec-
tor winding, Fig. 2E, may be ap-
plied equally well.

In a given magnetic field, the
second-harmonic output voltage
varies from a maximum (when the
axis of the ring-core element indi-
cated in Fig. 2B to 2E and the
field are parallel) to zero when they
are perpendicular (cosine-law direc-
tivity). Thus, the symmetry axis
of the ring core must be aligned
with the field being investigated to
insure measurement of the total
field. Three orthogonal flux-gate
elements of this type may be em-
ployed in the usual way, in com-
bination with various kinds of
second-harmonic or total-even-har-
monic detector systems.

The oscillograms of Fig. 2F to
2H show waveforms of the exciting
current (400 cps) and of the phase-
reversible even-harmonic output
voltage (800 cps) corresponding to
a Supermalloy washertype core
which consists of three 6-mil lami-
nations (inside diameter = 1.125
in., outside diameter = 1.500 in.).
This output voltage may be meas-
ured in the usual way by a
phase-sensitive detector system;
for example, a polarity-sensitive
demodulator operating with a cen-
ter-zero-scale, d’Arsonval-type, in-
dicating or recording, instrument.

Second-harmonic flux-gate mag-
netometer circuits may be subdi-
vided into two main groups:

(1) Transformer-type circuits
with several winding units which
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(C)

gradiometer

(B) with two equally rated flux gates.

(D)

FIG. 3—Transformer circuits: magnetometer (A) with a single flux gate;

Autoconnected

magnetometer circuits: differential (C) with two windings and center-
tapped output transformer; bridge (D) with four equally rated windings

are isolated from each other and
are used separately as a-c excita-
tion windings and second-harmonic
detector (pickoff) windings.

(2) Bridge and differential cir-
cuits with autoconnected winding
units acting simultaneously as a-c
excitation windings and second-
harmonic detector windings.

The choice of circuit configura-
tion may be influenced by the prop-
erties of the even-harmonic detec-
tor system. Such systems may be
classified as:

(a) Second-harmonic detector
systems, in which the second-har-
monic component of output voltage
is selected by filtering and used to
control a tuned vacuum-tube or
transistor a-c amplifier having a
phase-sensitive rectifier (demodu-
lator) in its output circuit.

(b) Even-harmonic detector sys-

tems, in which the peak height of
the even-harmonic output-voltage
waveform, Fig. 2G and 2H, is meas-
ured after a-c amplification by a
polarity-sensitive peak rectifier
acting as a demodulator.

(c) Even-harmonic detector sys-
tems without a-c amplifier, in which
the even-harmonic output voltage is
measured directly by a polarity-
sensitive demodulator, as widely
used with even-harmonic-type mag-
netic modulators (static d-c to a-c
signal converters.)

Figure 3A shows a transformer-
type ringcore magnetometer cir-
cuit with a simple polarity-reversi-
ble demodulator® consisting of a
parallel-rectifier combination D’D”,
and a reservoir capacitor C with
d’Arsonval-type, center-zero-scale
microammeter M. Because opera-
tion of this form of demodulator
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magnetic-coupled multivibrator (B). Angular positions (C) element with
semicircularly wound second-harmonic detector windings

is governed by the level to which
the second-harmonic output-voltage
pulses are adjusted, it is necessary
to fulfill these conditions:

(1) The slope of the voltage-cur-
rent characteristic of the diodes D’,
D” must change rapidly near the
origin. Copper-oxide rectifier ele-
ments have proven to be suitable,
but germanium diodes may be used
equally well.

(2) Performance of such a po-
larity-sensitive demodulator circuit
may be improved (higher sensitiv-
ity of the magnetometer )by intro-
ducing asymmetry between the two
windings on the semicircle portions
of the core. In the arrangement of
Fig. 3A, selection of the winding
unit (N, or N,”) and determina-
tion of the optimum value of the
shunt resistor Ry (about 10,000 to
30,000 ohms) are made empirically.
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In the gradiometer circuit, Fig.
3B, with two equally rated ring-
core flux-gate elements, FG, and
FG, the primary windings, Np
and N,.,, are series-aiding connected,
while the secondary windings, N
and N, are series-opposing con-
nected. The second-harmonic out-
put voltage across the detector
system DS is linearly proportional
to the difference between the field
intensities influencing the flux
gates, FG, and FG, Figure 3B
also shows that the sensitivity of
the gradiometer and that of other
ring-core flux-gate magnetometer
circuits may be increased by con-
necting across the second-harmonic
output terminals a capacitor Cps
which tunes the output circuit to
the second harmonic and provides
a positive-feedback effect. As indi-
cated in Fig. 3B, it is advisable to

add a shunt resistor R, to this tun-
ing network to prevent instability
of the detector system.

In the differential circuit of Fig.
3C, the two portions of the center-
tapped transformer winding are
primary windings, and the second-
ary winding of the differential
transformer 7T, (in this example
with center tap) may be matched
with the input resistance of the
detector system DS; for example,
a vacuum-tube or transistor ampli-
fier. The a-c supply with current-
limiting resistor R, is connected
with the a-c excitation windings
N, N, so that an alternating
magnetomotive force, H, ., is pro-
duced in the core, Fig. 2A.

Figure 3D shows a bridge cir-
cuit, the four branches of which
consist of the toroidal winding
units N/ N,” and N/, N,”. These
four equally rated winding units
are associated with the two semi-
circle portions of the core so that
the second-harmonic output voltage
appearing across the detector sys-
tem DS is proportional to the dif-
ference of currents I,” and I,”.

To eliminate memory effects, the
primary requirement to be met by
the a-c¢ excitation source is that it
deliver sufficient power to drive the
core material well into saturation.
A small 400-cycle generator is often
a desirable way for feeding such
circuits. This includes application
of a ferroresonant constant-voltage
transformer to obtain stability of
operation.

Figure 4A illustrates use of the
ring-core flux-gate element as the
saturating reactor of a parallel-
connected ferroresonant circuit.
The linear reactor L, with a Mo-
lybdenum-Permalloy powder core is
a current-limiting impedance. Con-
stant average value of the excita-
tion voltage across the primary
windings N/, N” and minimum of
the supply current I, can be ob-
tained by selecting the proper rat-
ing of capacitor Cs.

Another method for providing
the a-c¢ excitation is preferred
where small size, light weight and
power drain not exceeding 20 to 50
milliwatts are of prime importance.
This method consists in combining
the ring-core flux-gate element with
a switching-transistor magnetic-
coupled multivibrator so that the
oscillation frequency is determined
by the parameters of the ring core
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and its excitation windings. Since
the core is swinging between satu-
ration levels, and because all parts
of the ring core operate in the
saturation region, memory effects
are eliminated.

In Fig. 4B, the excitation wind-
ings N/, N,” of the ring-core flux
gate F'G are supplied from a minia-
ture common-emitter multivibrator
operating as a static d-c to a-c
power converter with 70 to 80 per-
cent efficiency. This prototype de-
sign contains:

(1) The flux-gate element, FG,
with a tape-wound Supermalloy core
having 26 wraps of 2-mil tape (tape
width = 0.125 in.) and an inside
diameter of 1.375 in. or 1.750 in.,
respectively (N’ = N,” = Ny =
Ny = 800 turns of No. 34 wire).

(2) A transformer, T,, with
(unsaturated) Supermalloy 2-mil

tape core (i-d = 1.00 in.,, o-d =
1.25 in., tape width = 0.25 in.),
primary windings (N,Y = N,” =

800 turns of No. 32 wire, and feed-
back windings (NS = N, = 400
turns of No. 32 wire).

(3) Two pnp switching transis-
tors, @ and Q”, type 2N43A.

(4) Two bias resistors, R,/ =
R,” = 4,000 ohms.

(5) Blocking capacitor, C, = 2
microfarads, which prevents direct
current from flowing through the
a-c excitation windings N,/ N,” of
the flux-gate element.

(6) The d-c power supply (6-volt
battery).

(7) A polarity-sensitive even-
harmonic detector system, corre-
sponding to the arrangement of
Fig. 3A.

(8) A shunt capacitor, Cy = 0.1
microfarad, which provides high
sensitivity of the magnetometer by
introducing asymmetry between
the windings, N,” and N,”, on the
semicircle portions of the core.

There are many other such mul-
tivibrators in which the electrodes
of the two switching transistors are
connected in different ways with
the primary windings N,”, N,” and
feedback windings N, N.” of the
transformer T,. In the preferred
arrangement of Fig. 4B, the oscil-
lation frequency of the multivibra-
tor circuit is determined by the
parameters of FFG and is given by

.
4 Bs Apg Np

where E,_; is the d-c supply voltage

fo = % 108
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(volts,) B¢ is the saturation-flux
density of the flux-gate core ma-
terial (gauss), Ay; is the cross-sec-
tional area (em®) of the toroidal
core and N, = N,/ = N,” is the
effective number of turns of the
multivibrator circuit of Fig. 4B.

It is possible to eliminate the
unsaturated transformer T,, Fig.
4B, by applying the windings N/,
N,” and N/, N.” on the ring-core
flux-gate element itself. However,
any asymmetry in the circuit com-
ponents and the characteristics of
switching transistors, Q’ and Q”,
will introduce an undesirable d-c
flux component in the core. Thus,
the arrangement of Fig. 4B with
separate unsaturated transformer
T, and d-c blocking capacitor C, is
preferred.

The cosine-law directivity of a
toroidal core acting as a field-sensi-
tive element in the magnetometer
circuit of Fig. 4B has been demon-
strated by rotating the core, Fig.
4C, in a homogenous magnetic field
produced by Helmholtz coils. The
respective directional characteris-
tic; that is, the microammeter cur-
rent I, as a function of the angular
deviation « of the symmetry axis
A from the direction of the ex-
ternal field ¢, indicates the rela-
tionship: I, = constant X cos a.
The cosine-law directivity is impor-
tant in direction-finding systems
(Permalloy compass). In using the
ring-core flux gate for direction
finding, the position for minimum
rather than maximum response will
be used because the percentage of
change of response with small
change in core position is much
greater in near zero output; that
is, around the zero position of the
pointer of the microammeter M
in the arrangement of Fig. 4B.

The symmetrical core struc-
ture of this type of flux gate makes
it also possible to apply several
second-harmonic detector windings
having different angular displace-
ments with respect to the direction
of the external field ¢,. Using a
single toroidal core having three
groups of detector windings and
bridge-type, full-wave rectifiers
with series-connected d-c terminals,
an omnidirectional flux-gate mag-
netometer was developed for cover-
age in all directions in a horizontal
or vertical plane. It was possible
to remove the cosine-law directivity
of ring-core flux-gate elements with

a single group of detector windings
and to provide a magnetometer
with nearly circular directional
characteristic. Measurements with
rotating Helmholtz coils have
shown that the deviations of the
characteristic from the ideal cir-
cular characteristic are about =+=2
percent.

In a given angular position (a)
of the flux-gate element with re-
spect to the field ¢, preferably with
a = 0O, the second-harmonic output,
for example, the microammeter cur-
rent I,, in Fig. 4B, is a function
of the actual magnitude of ¢, which
represents the input signal of the
magnetometer. Thus, experiment-
ally determined characteristics,
I, = f(Hy), may be termed input-
output characteristics. This is in
contrast to the directional charac-
teristics showing I, = f(a), with
a constant value of H,.

Distortion of the magnetic field
near the ring-core flux gate is in-
dependent of the angular position
of the core. This contrasts with
the properties of straight-core flux
gates, Fig. 1A, and those of Fig.
1B to 1D, where the field-distort-
ing effect depends upon the angular
position of the flux gate.

When operating the ring-core
magnetometer with a push-pull-
type magnetic amplifier with infi-
nite internal gain, the d-c¢ flux in
the core is balanced by an opposing
d-c flux (self-balancing flux-gate
magnetometer).” The output cur-
rent of the magnetic amplifier is
varied by an infinitesimal d-¢ flux
increment in the semicircle por-
tions of the ring core; and the ex-
ternal magnetic field to be investi-
gated; for example, the earth’s
field near this core, remains undis-
turbed. In a modified arrangement
acting as a gradiometer,’ a similar
balance method may be applied for
measurement of inhomogeneity of
magnetic fields.
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SIMPLE TRANSISTOR
Q-Multiplier or Oscillator

Insensitive to temperature drift of transistor parameters,

this circuit uses only one coil to achieve high @ multiplication

By JAMES R.
WOODBURY

Stanford Research Institute,
Menlo Park, California

FIG. 1—Equivalent circuit of the Q-multiplier or oscillator configuration

A USEFUL ACTIVE Q-multiplier network, often over-
looked by filter or oscillator designers, is shown in
Fig. 1. Using stages of this type, filters requiring
high Q’s can be built with ordinary coils. However,
the circuit is often not considered because it is as-
sumed that a Q multiplier, especially one using a
germanium transistor as the active element, is too
sensitive to temperature variations to be practical.
But with proper design the circuit Q can be made
insensitive to drift in the parameters of the active
element.

The active element in Fig. 1 is represented by the
three-terminal constant-current generator, ai.. If the
element represents a transistor, the emitter, base,
and collector will correspond to points e, b and ¢; and
a < 1. If the active element is a vacuum tube pen-
tode, ¢, b and ¢ would correspond to cathode, grid,
and plate; and « = 1. The effect of a finite emitter
resistor, ., (or vacuum tube transconductance, ¢.)
is included in resistor R,. The frequency response of
the transistor can be inserted by using the usual R-C
approximation
/4

&t

%=l—a=
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where p is the frequency variable (j o for steady state
sinusoids). The collector-to-base (or plate-to-grid)
capacitance may affect the tank circuit center fre-
quency slightly, but otherwise it can be neglected.

Resistance R, includes the generator (7,) imped-
ance and the equivalent shunt conductance of the
coil. The output ean be taken either at V, (in which
case R, includes the load resistance as well as the
emitter, or cathode, biasing resistor) ; or the output
can be taken, usually with some loss, from a resistor
in series with the collector (or plate).

The nodal equations for the circuit looking to the
right of XX determine the input admittance at this
point as

Y, = Clap + (b — ae) + A] where
_ a2 —eb+c _ R, 1 1
. p+e 2 a_l+o:zR1(R2C,+Ra01)

1 1 1 1
s ”"[ RR:C: T By (ch. T R.,C.)

1
+ w Ry R\R2C,C> ]’
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R, N 1
= BR.RR:C.C:’ €T (Ro + Rp)(Cy + C2)

1 1 1 1 i} 1 i}

R NPT S Ry . ey o d
E "R tTR TR B TR TR *
1 1 1

T -6 te

The A term in most cases is negligible and will be
dropped.

Including the generator and inductor, the circuit
therefore becomes a simple shunt RLC. The total
shunt conductance is: G, = C, (b — ae) + 1/R,.
This can be made negative, in which case the circuit
will be an oscillator, or slightly positive, in which
case the Q can be multiplied by any desired factor,
depending on the stability requirements. Circuit
resonant frequency is o, = 1/7/LC,, and the Q@ is:
Q =1/Gro.L = 0,C,/G,. The @ multiplication is M =
Q/QL = 1/G1R1 (Ql = R/./an-)

Typically R, is made as small as possible (R, = »,
or 1/¢g.), and R. is made as large as possible (R, =
(n + 1) R,, where C, = nC.). For frequencies where
the 1/w, terms are small the following condition is
obtained for R,:

R=—”’RL .

. 1
(n + ”2<1 N JI)

The primary variations in @ will be due to varia-
tions in G,. By differentiating the expression for G,
an expression can be obtained for the percentage
change in G, as a function of the percentage change
in B,, ., and R,. Assuming that the parameters of
the generator, coil, and the value of @ multiplication
desired (M) are given, and assuming R, = r, << R,,
n=1R= (n+ 1) R,, and

4w,
Qr

the following expression results:

wi >

n—r——
Rgs ikl
: . O5MH 48

. v;_Q’L” =32 /
(B = 0K

k | B  n+1(, 1
M | R n M

o 1) _ k]
[ (Yoo o - 3)- 2]

where k,, k,, k;, and k, are the percentage changes
in G, 7., B,, and R,. This expression shows that &,
is minimum when B, is large, 7, is small, n =~ 1, and
R. = R,/2 for large M.

The equations will hold for a vacuum tube where
r. = 1/g, and 1/8 = O. Of course, g, >> 1/R, for
the approximations to hold.

A practical design procedure is as follows: a suit-
able coil is selected. The value of R, and the value of
M necessary to give the desired @ are computed from
the coil Q. (1/M should be slightly negative for stable
oscillator applications). A value of » = 1 is generally
used, so that C, = C. = 2C,. Then R, becomes R,/4
(1 — 1/M). (This value of R, will usually be 5 to 10
percent high due to the approximations.)

The maximum value of R, is usually limited by the
emitter current required, and it often must be less
than R,/2. The emitter current should be large, since
it must be much greater than the peak signal emitter
current; and also since r,, which should be small, is
inversely proportional to emitter current.

A typical circuit is shown in Fig. 2. Applying the
stability equation to the circuit

k, = 12.8(2.5k, — 10kg]10~3 — 6k,

A change of 30 deg C in junction temperature will
produce a change of about 10 percent in »,. The
change in G, due to this change in », is only k, =
0.32 percent. A 10 percent change in B, would give
k, = —1.28 percent. However, a change in R, of only
1 percent would produce a change in G,, or the cir-
cuit @, of —6 percent.

Therefore, this circuit is relatively independent
of the transistor parameters, so that the only major
stability problem becomes that of finding tank circuit
elements with stable Q’s.

FIG. 2—Typical practical Q-multiplier circuit using o transistor as the
active element
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Why more

good circuits

start with Corning C resistors

First, you get performance within precision parameters from
general purpose C-style resistors.

Second, C resistors let you plan a circuit within known
limits of total resistance change from nominal—as little as
5%. Our new Corning Design Tolerances, based on ex-
tended load-life tests, give you that assurance.

Third, you get this predictably high performance at low

Tave |Wattage| LR | _oimenston | Pl bower, 70°.
Co7, Mil —
Style RLO7 Ya 51 150K |.250 x409704
ShivA0 | ¥ | 51 | 150K |.3757x138" 5%
€32, Mil ——| plus purchase
Style RL32 1 _51-7_ 470K |.562"x.190 tolerance
c42S, Mil ——
Style RL42 2 10 | 1.3 meg |.688"x.318
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cost. C resistors are priced competitively with composition
types.

C resistors give you these design advantages uniformly be-
cause we control the composition of their materials, and the
way those materials bond together, in a continuous process.

C resistors that meet MIL-R-22684 are available from
your Corning distributor in four sizes and values.

Get data sheets, test reports, and a brochure, “The Story
Behind the Corning C Resistor,” by writing Corning Glass
Works, 539 High Street, Bradford, Pa.

CORNING

Electronic Components
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We're living in a needing, buying, growing America—a
time for new and improved products and services —the
creation of new jobs. More than ever, a businessman with
an idea, with the urge for something better will move ahead
with our expanding economy.

But after the idea, what follows can be a costly period
of research and development. Not necessarily —if you use
the immense 9-billion-dollar fund of research and patent
information that's available at your U.S. Department of
Commerce. Think of the saving—in time and money.

For example: there are reports on extensive research by
your Government in new products and processes. A trans-

lation of data on inventions and discoveries abroad — infor-
mation on over 3 million patents—a fortune in patents
owned by your Government. All this is yours — for your use
and your benefit.

Take advantage of the many ways in which your business
can grow. In developing new products and services. In the
lucrative foreign markets. In new U.S. markets. In attract-
ing new industry to your local community. Just phone or
write the U.S. Department of Commerce Office of Field
Services in your city, or Washington 25, D.C. Your ""'K
U.S. Department of Commerce is always ready to< 4
help you grow with America!

NOW’S THE TIME TO GET GROWING IN A GROWING AMERICA!

56

clectronics



Of interest to engineers and scientists

...one of more than 500 R&D v-progrdmsi under way at Douglas

This Douglas program is studying areas related
_ to man-machine and biological systems as:
* Psycho-physiological monitoring techniques
_for determining biological stability in normal
and exotic ecological systems;
* Cybernetic and bionic principles for applica-
~ tion to personnel subsystem support;
+ Techniques for producing artificial environ-
ments and evaluating their biological effects;
» Learning and teaching machines, remote
handling systems, and display and. control
techniques to support space operations.
Bio-technological devices will be constructed
related to experimentation in the above fields.
A considerable amount of work has already
been accomplished on ecological problems asso-
ciated with advanced space systems.

Of career interest to engineers and scientists

To further aerospace research and development,
Douglas is investing millions of dollars to pro-

DOUGLAS

Missile and Space Systems Division

An equal opportunity employer
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vide an environment most conducive to scien-
tific and engineering achievement.

Present modern facilities will soon be aug-
mented by an extensive new research-develop-
ment-test complex. Included will be an
advanced $3 million space chamber.

'If you are seeking stimulating scientific or

engineering assignments and full support in
carrying them out — plus a wide range of out-
standing opportunities for career advancement
—we invite you to contact Douglas. Send us
your resume or fill out and mail the coupon.
You will receive specific information on open-
ings in your field at Douglas within 15 days.

Mr. F. V. Edmonds
Missiles and Space Systems Division
Douglas Aircraft Company
3000 Ocean Park Boulevard
Santa Monica, California

|
|
|
|
|
|
!
Please send me full information on profes- |
sional opportunities in my field at Douglas. |
|
|
|
|
|
|
|
_!

Name

Engineering or
scientific field

Address

[ o e e e e e e e e e e e e e

e e e e T S e et e e e S S



LARGE CAPACITY
SUPER-CLEAN
ENVIRONMENT

@m‘«féewa

— 406 WHEELER AVE .

RESEARCH INC.

ALEXANDRIA , VIRGINIA
TELEPHONE : 549-0087
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FREE

Completely illustrated,
with detailed drawings,
specifications and prices.
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Send for
your FREE

today.

576-PAGE

@n@ CONSOLIDATED
CATALOG #30

Lists over 25,000

PRECISION INSTRUMENT PARTS
and ASSOCIATED COMPONENTS

Available From STOCK!

GEARS * SHAFTS« COLLARS » CLUTCHES »
BEARINGS » COUPLINGS » DIFFERENTIALS
« SPEED REDUCERS and many other Pre-
cision Engineered Parts & Components.

PH@ DESIGN CORP.

subsidiary of BENRUS WATCH COMPANY, Inc.
477 Atlantic Ave., East Rockaway, L.1., N.Y.

copy
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it’s read
movre
by all 4!

elecironics

electronics is specially edited to keer you informed
about the entire industry. With special issues on Elec-
tronic Markets, Modern Microwaves, Search and Probe
Systems, and other reports you’ll want to file and keep

subscribe today to electronics

Every Friday, electronics gives you the latest engineer-
ing developments and technically interpreted market
trends. So don’t wait till everyone on the routing slip
has read it. Subscribe now and read electronics first. 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 included with every sub-
scription.

CIRCLE 59 ON READER SERVICE CARD >



It's just like buying a custom-built recorder!

With so many standard.options from which to choose,
it takes a bit of extra effort to buy a Varian G-11A
recorder. But most of our customers don’t seem to
mind at all. After all, where else could they buy a
compact, reliable potentiometer récorder custom-
built to their exact specifications at such a reasonable
price?

Here are just a few of the many options which the
G-11A offers: you have a choice of input circuits for
measuring voltage, current or temperature; a choice
of one, two or four chart speeds from 14”/hr up to
60”/min; a choice of voltage spans from 10mv to
100v — temperature spans from —200°C to +1500°C;
a choice of reference voltage — mercury cell or zener
diode; and a choice of many other options including

ink or inkless writing, event markers, zero center
scale, field span adjust, and rack mounting.

Best of all, no matter which options you select for
your G-11A, you still have a light-weight, reliable
recorder with 19 limit of error and a pen speed of
1 second full scale.

Wouldn’t you like to have your next recorder custom-
built? For complete information on prices and all
available options, see your Varian Recorder Repre-
sentative or write the INSTRUMENT DIVISION.

(5

VARIAN associates

PALO ALTO 1,

CALIFORNIA



RESEARCH AND DEVELOPMENT

Optics Generates Multidimensional Functions
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FIG. 1—Functions of three independent variables are generated by driving
plastic blocks with servos to the instantaneous values of the variables

By WILBUR H. DAY
Link Div,, General Precision, Inc.,
Binghamton, New York

FUNCTIONS dependent on several
variables can be generated simply
and accurately using optical tech-
niques. These multidimensional
functions are inherent in the in-
creasingly complex problems con-
sidered for solution by computers.
However, conventional methods for
generating them require large num-
bers of operational amplifiers in
analog computers or large storage
space in digital computers.

The three-independent variable
generator in Fig. 1 provides a more
economical method for generating
such functions. A regulated light
source with such optical compo-
nents as diaphrams, mirrors and
beam splitters provide stabilized
light beams as generator inputs.

Data required to generate a mul-
tidimensional function, one of three
variables X, Y and Z, for example,
is stored in four plastic blocks
as ¢,(X,2), $.(Y,Z), ¢:(X,Z) and
¢, (Y,Z). The blocks are driven by
servos to the instantaneous values

60

of the independent variables X, Y
and Z. The attenuated light beams
are then converted by multiplier
phototubes into d-c¢ signals. The
signals are fed through appropriate
circuits using log, antilog and sum-
ming amplifiers and converted into
a form that satisfies the equation:

F(X,Y,Z)=K+¢:1(X,Z) +¢2(Y,Z)+
[63(X,2)] [¢4(Y,Z)] (1)
If greater accuracy is required
than that attainable with one set
of product functions, overall errors
can be reduced to almost any speci-
fied tolerance by adding components
to include additional product pairs.
The requirements of a function
generator using two sets of product
pairs is shown in Fig. 2. It solves
an equation of the form:

F(X,Y,Z)=K+¢:1(X,Z)+¢2(Y,Z) +

[63(X,2)] [¢4(Y,Z)]+
[¢5(X,2)] [¢6(Y,2)] 2)

The mathematical formulation®
was intended for implementation
in mechanical computers for fire-
control systems and generally lim-
ited to generation of functions of
only two independent variables.

However, the mathematics is ap-
plicable to analog computation in
general.

A function of two variables (Fig.
3) can be approximated using the
least squares method' by the equa-
tion:

F(X,Y)=K+4f1(X)+/f=(Y) —I-fs(\H-

Fa(V)+15(X)fe(Y)+ - - (3)

Well-behaved continuous func-
tions of three independent vari-
ables X, Y and Z can be reduced to
a set of functions of two variables'
as follows:

1"(-\';)',21)=1\-ZI+lel(‘\')+f'.!Zl(Y)+

fann (X)faza (V) +. .
F(X,Y,Z2) =K z2+f122(X) +f2z2(Y) +
faza(X)faz2(Y)+ .
P(X. Y. 23) —I\Z:r+_rl Zu(\)+f2ln(} )+
fazn(X)fazn(Y)+ . ..
This matrix of functions can be
combined to define ¢,(X,Z2), ¢.
(Y,2), ¢,(X,Z) and ¢,(Y,Z). The
set of functions are:
T121(X), f1z2(X),
fl7n(\) defines G (X,Z)

faz1(Y), faza(Y),
fg,,,() ) defines G2(Y,Z)

faz1(X), f3z2(X), .
fah( X) defines G5(X,Z)

faz1(Y), faza(Y),

47,,()) d( hll(\ 14() 7)
where G( ) is a function of two
variables.

The final functions used to define
the data stored in the plasdic blocks
are derived by taking the values of
the natural logs of G, (X,Z2), G,
(Y,Z) for all X,, Y, and Z,, where

=188 m=2406::s
and 7, 7 and k& are discrete values
of the variables over the ranges of
interest.

Studies indicate that analogs can
be generated of original multidi-
mensional functions within 2 to 3
percent with the number of product
terms restricted to one pair. By
adding a second pair, the total ervor
can be reduced as much as half that
for a single-pair generator. This
total is composed of 0.5 to 1 percent
from mathematical approximations,
0.5 percent from phvsical inaccu-
racies in plastic block fabrication,
0.25 to 0.5 percent from electro-
optical components (power supplies,

electronics



VERSATILE

You can play practically any instrumentation tune you want on the versatile Mincom CM-100
Magnetic Tape Recorder/Reproducer. Seven or fourteen tracks, 1 or 1.2 mc at 120 ips—with the
rugged reliability possible only with Mincom’s longitudinal recording on fixed heads. Analog
recording/reproducing, or simultaneous post- and predetection capabilities in FM/FM modula-
tion, PCM, PCM/FM and virtually all other FM-type carrier systems. CM-100 is mechanically
simple: Mincom’s exclusive DC tape transport provides dynamic braking, plus instant push-
button choice of six speeds with no belt changes. With its system flexibility, its minimum down
time and maintenance, the CM-100 can be the answer to your instrumentation requirements for
years to come. Write today for specifications.

Mincom Division 3

Los Angeles 25, California « Washington 4, D.C.
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transistors
today?

As a cost conscious, quality-hungry designer of audio equip-
ment you know that for nearly a decade—despite spectacular
advances in other design areas—little has changed with audio
transistors. You know because your design possibilities and the
quality of your end products have been severely limited by the
absence of improved audio types.

Yes, you care! And because you care, Amperex cares.

Indeed, Amperex cared enough to develop an entirely new
process, the Uniform Low Frequency Technique, for manufacturing
quality audio frequency transistors. The advantages of this tech-
nique—measured in terms of beta linearity and exceptional uni-
formity without a corresponding increase in price—could scarcely
be more impressive.

To take but one example from among the first five U.L.T. types
available in production quantities: The 2N2431, a PNP medium
power transistor designed for Class A and B audio output stages,
is capable of up to 2 watts power output per pair. It is available
in a TO-1 case, as are all five U.LT. transistors. The exceptional
linearity of its beta is dramatically shown in the curve reproduced
at right where beta remains substantially constant up to the maxi-
mum rated current of 500 ma. Further, the 2N2431 offers high gain
with a beta of 50 to 180, 550 mw maximum dissipation and a

collector-to-emitter breakdown voltage of 32 volts.
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Here, then, are five great new transistors—as economical as
they are excellent—to open new doors for you in the design
of e Portable Radios ¢ AM-FM Receivers e Car Radio Audio
Drivers o Audio applications in communications systems e Slow-
speed switching in computer applications.

uLY
. S ot Breakdown Peak | Collector

!r':::';":.' Case Application Voltages Beta Current|Dissipation
Preamps, drivers

;:;423 To-1 | and low wattage —32 volts 80-160 [ 100 ma| 165 mw
output devices
Preamps, drivers

3::‘2’ To-1| and low wattage —32 volts [130-300 | 100 ma| 165 mw
output devices
Preamps, drivers

zr#‘uo To-1| and low wattage —15 volts 65-190 | 100 ma| 165 mw
output devices
Matched pair,

ACI27/132 NPN-PNP for 200

s mw output stage X

NPN PNP To-l using complemen: 15 volts | 65-190 | 100 ma| 165 mw
tary-symmetry
circuits.

T Clc:’ss A&B

4 audio output

PNP To-1 stages up 10 2 —32 volts 50-180 | 500 ma| 550 mw

watts.,

Write for complete data on the U.L.T. types that will make the big
difference in your particular audio frequency application. Amperex
Electronic Corporation, 230 Duffy Avenue, Hicksville, L. I., N. Y.

IN CANADA: PHILIPS ELECTRON DEVICES LTD., 116 VANDERHOOF AVENUE, TORONTO 16, ONTARIO
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FIG. 2—Using double instead of single product pairs reduces errors

finite beam width, beam refraction,
residual noise), 0.5 percent from
electromechanical sources and 0.5
to 1 percent from miscellaneous
sources. Errors of this magnitude
in the case of emperical data are
often well within the degree of
original certainty.

REFERENCE

(1) Eugene W. Pike and Thomas R. Silver-
berg, Designing Mechanical Computers, Ma-
chine, Design, p 131, July 1952,
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FIG. 3—Functions of two variables
are found by least squares method

Simplified Technique Classifies Patterns

PATTERNS can be classified rapidly
and without elaborate equipment.
The logic for a relatively simple
method of pattern classification has
been designed called the para-
propagation pattern classifier. The
system can be constructed using
present technology. The system was
reported by the Computer and
Mathematical Sciences Laboratory,
AFCRL.

Most approaches to pattern rec-
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ognition require sophisticated com-
puter programs and circuits.
Letters and numbers are often cata-
logued by their loops, angles, open
ends or other characteristics. How-
ever, a simpler approach is possible.

Several operations are performed
on each letter. It is first placed into
one of two major classes and then
into its subclass. By continuing
through successive subclasses, the
range of possible classifications is

who
carries
Amperex
ULT
auwdio

transistors
b 4

The ULT line is now
available from these and
other leading industrial
electronic distributors

CALIFORNIA
R. V. WEATHERFORD COMPANY
Glendale 1, Calif.
BRILL SEMICONDUCTOR CORP.
Oakland 6, Calif.
ELMAR ELECTRONICS INC.
Oakland 7, Calif.
COLORADO
INTERSTATE RADIO & SUPPLY
Denver 4, Colorado
CONNECTICUT
CRAMER ELECTRONICS, INC., Hamden, Conn,
DISTRICT OF COLUMBIA
ELECTRONIC WHOLESALERS, INC.
Washington 1, D. C
FLORIDA
THUROW ELECTRONICS, INC.
Cocoaq, Fla. ¢ Jucksonvilfe, Flo. ® Miami, Fla,
Orlando, Fla. * Pensacola, Fla. * Tampa, Fla.
ILLINOIS
NEWARK ELECTRONICS CORP.
Chicago,
INDIANA
RADIO DISTRIBUTING COMPANY
Indianapolis 6, Indiana
MASSACHUSETTS
RADIO SHACK CORP., Boston, Mass.
MICHIGAN
RADIO SPECIALTIES COMPANY
Detroit, Michigan
MISSOURI
INTERSTATE INDUSTRIAL ELECTRONICS
St. Louis 32, Missouri
BURSTEIN-APPLEBEE COMPANY
Kansas City, Missouri
NEW YORK
MILO ELECTRONICS, New York, N. Y.
ROME ELECTRONICS, Rome, N. Y.
OHIO
UNITED RADIO, INC., Cincinnati, Ohio
OKLAHOMA
OIL CAPITOL INDUSTRIAL ELECTRONIC
DISTRIBUTORS, Tulsa, Oklahoma
OREGON
UNITED RADIO SUPPLY, INC.
Portland 9, Oregon
PENNSYLVANIA
RADIO ELECTRIC SERVICE CO.
Philadelphia, Pa.
EXAS
ADLETA COMPANY
Dallas 1, Texas ® Fort Worth, Texas
BUSACKER ELECTRONIC EQUIPMENT CO., INC.
Houston 19, Texas
WASHINGTON
ROBERT E. PRIEBE COMPANY
Seattle 1, Washington
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HOW CHEAP
1S “CHEAP™?

“Why should we buy from you when
we can get the ‘same thing’ from
other suppliers at a lower price?”’

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

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

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

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

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

1. Gudebrod lacing tape guarantees increased production!
2. Gudebrod lacing tape guarantees reduced labor costs/

3. Gudebrod lacing tape guarantees minimal maintenance after
installation!

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

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

GUDEBROD BROS. SILK CO,, INC.

Electronics Division Executive Offices
225 West 34th Street 12 South 12th Street
New York 1, New York Philadelphia 7, Pa.
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narrowed until the letter is identi-
fied. As many as eight subdivisions
may be needed.

The classifier consists of an array
of identical cells each of which can
exist in its original zero state or
in the one state. The cells are con-
nected so that a change from the
zero to the one state can be propa-
gated across the array from the
right, from the left, from the top
downward or from the bottom up.

A two-dimensional pattern can
also be projected on the array by
illumination. As the change of state
is propagated inward toward the
illuminated cells, the illuminated
cells prevent further propagation.
The illuminated pattern thus forms
an outline of cells that remain in
the zero state.

Readout of Array

After propagating changes of
state in a programmed sequence,
the array is tested to determine the
number of cells that have remained
in the zero state. The cells that are
not changed to the one state depend
on the illuminated pattern and on
the sequence of propagating
changes of state. If propagation
were only from the left and from
the top, the cells remaining in the
zero state would usually be quite
different from those remaining if
propagation had been from the
right and from the bottom.

By propagating commands in the
proper sequence, the classifier can
also derive a new pattern from the
original pattern that is also capable
of blocking propagation. Making
tests on the new pattern can pro-
vide the basis for further classifica-
tion of the original pattern.

Superconducting Magnet
Does Not Require Wire

TECHNIQUE for increasing the
strength of magnetic fields is sim-
pler and less expensive than exist-
ing methods. Magnetic fields up to
15,000 oersteds have been produced
using the new method, and fields of
20,000 to 25,000 oersteds are attain-
able. Theoretically, fields exceeding
100,000 oersteds seem possible.
The new technique was described
at the Spring Meeting of the Amer-
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MORE OPERATING FEATUREN
THAN ANY OTHER
MEDIUM FREQUENCY REGORDER

Here is the instrument that combines all the fea-
tures found in other medium frequency recorders
plus some TI exclusives. The oscillo/riter offers
highest sensitivity, widest selection of ranges and
chart speeds, rectilinear recording in either heat
or ink, transistorized electronics, interchangeable
plug-in amplifiers, and the convenience of Z-fold
chart paper.

Broad Frequency Response. Flat to 200 cps within
1 db, 10 mm peak to peak with ink writing system.

High Sensitivity. Sensitivity range with high-gain
amplifier is 0.5 mv/mm to 200 V/cm in 10 steps.

Push-Button Chart Speeds. Eight push buttons se-
lect 1, 2, 5, 10, 25, 50, 125, and 250 mm/sec.

®)
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P. O. BOX 66027

7 TEXAS INSTRUMENTS

INCORPORATED
3609 BUFFALO SPEEDWAY
HOUSTON 6, TEXAS

MEDIUM FREQUENCY RECORDER

Plug-In Amplifiers. Interchangeable amplifiers
offer complete flexibility to economically handle
more recording jobs. All electronics are fully tran-
sistorized for long-term rehablhty and conven-
ience of no warm-up time

Z-Fold Chart Paper. Provides
utes, hours or days of reco
flipping pages of the chart as y
a book. Roll chart paper optional.

ccess to min-
by simply
‘pages of

Compare feature for feature, and you 0se
the oscillo/riter from 1ndustrys most complete

line of strip chart recorders . ... made by Texas
Instruments.

WRITE FOR COMP ORMATION

*A trademark of Texas Instrufieits..ng




Big 3-D views help
Zenith assemble tiny hearing aid

Zenith’s new “Signet” hearing aid packs wider response and
greater gain than before into a package so tiny that it takes
Bausch & Lomb StereoZoom® Microscopes to manufacture,
assemble and inspect it.

Zenith chose StereoZoom Microscopes for vivid views of tiny
parts, magnified in natural 3-D . . . for all-day viewing without
eye fatigue. .. for 7 inches of unobstructed working distance
for hands and tools.

Put B&L StereoZoom Microscopes to work on your precision
operations. Choose from the most complete line of industrial
microscopes, including zoom models for scanning or critical
study throughout the entire range of 3.5 X to 120 X!

BAUSCH & LOMB

[J Schedule a demonstration at my convenience.
BAUSCH & LOMB [0 Send StereoZoom Catalog D-15.

INCORPORATED NAME
| 61430 Bausch Street | company
|  Rochester 2, N. Y.

ADDRESS

o s e s

66 CIRCLE 66 ON READER SERVICE CARD

ican Physical Society in a paper by
P. S. Swarz, General Electric Re-
search Laboratory, and co-authored
by C. H. Rosner. (See Electronics,
p 8, April 27.)

Resistance of superconductors to
the penetration of magnetic fields
into their interiors is the basis for
the new method. A magnetic field
is established inside a hollow eylin-
der of superconducting material, as
shown in the figure. The cross sec-
tion of the hole in the cylinder is
shaped like a figure eight with the
loops joined by a narrow neck.

When the magnetic field has been
established inside the hollow cylin-

LINES OF INSERTED
MAGNETIC FORCE SUPERCONDUCTOR

Magmnetic lines of force are dis-
tributed evenly until superconduc-
tive material is inserted

der, a superconductor is inserted
into the larger hole, filling it. Since
the magnetic flux cannot penetrate
the superconductor, the magnetic
lines are forced into the smaller
hole, creating a concentrated field
in it.

Devices built at the laboratory
were normally operated near liquid
helium temperature (4.2 degrees
K). The superconducting material
used is Nb,Sn, which Bell Labs first
succeeded in forming into wire.
This wire wound into a coil can
function as a superconducting sole-
noid producing strong magnetic
fields. Research on such solenoids
is being conducted at several labo-
ratories using this wire and alloys
of niobium and zirconium. Unlike
most superconductors, these mate-
rials remain superconductive in
strong magnetic fields.

The main advantage of the tech-
nique announced by General Elec-
tric is that the superconducting
material is used in bulk form. The
solenoid-type design requires super-
conducting wire, which is difficult
to fabricate. Therefore, the cost
and complexity of the GE device is
greatly reduced.

electronics
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Be “Ansco-sure’’

With the first American X-ray film for ultra-high definition radiography!
If you require critical definition of correspondingly minute defects, be
“Ansco-sure” with this new film. The extremely fine grain characteristics

of Superay® H-D film provide the ultimate in image sharpness and main-
tain high definition throughout the entire 65-250 KVP range.

For radiography—it's Ansco best by definition.
Ansco—America’s first manufacturer of photographic materials... since 1842.

Ultra-High Definition X-ray Film. ..

Ansco

Binghamton, N. Y

X-RAY FILM

CHEMICALS
SERVICE
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Avalanche Breakdown of Silicon Rectifiers
FAILURES PREVENTED BY PROPER DESIGN TECHNIQUES

By S. P. FAIRCHILD JR,
Electronics Engineer
Federal Aviation Agency,
Tallahassee, Florida

NEW DESIGN TECHNIQUES and pro-
tective devices, properly employed,
can eliminate many silicon rectifier
failures caused by severe environ-
mental stresses. Unforeseen fail-
ures in the field can be prevented by
understanding voltage transients
involved in the avalanche break-
down mechanism, and designing the
system accordingly.

Current flow through a silicon
diode in the forward direction may
greatly exceed normal currents for
small durations. Most small diodes
rated for about 0.5 amp operation
are able to handle 10 times this rat-
ing as a 60 cps recurrent peak
amperage and about 50 times this
amount up to about 5 milliseconds’.

On the other hand, when a sili-
con diode is overvoltaged in the
reverse direction beyond its piv rat-
ing, the device is usually destroyed
in  microseconds by avalanche
breakdown. This characteristic of
the silicon diode causes excessive
power supply failures in the field.

A silicon diode is usually over-
voltaged by transients in the re-
verse direction by switching tran-
sients, and by power line overvolt-
age and transients caused by

68

thunderstorm activity.

When a transformer is energized
by being switched on, a transient
oscillation may be set up in the sec-
ondary. If the primary is energized
at the peak of the supply voltage,
the transient may approach twice
the normal piv in the secondary, if
little or no damping is provided
in the circuit® (see diagram).

Opening the primary circuit of
a transformer interrupts the trans-
former magnetizing circuit. The
sudden collapse of this current and
the magnetic flux which is propor-
tional to the magnetic current
couples a high voltage transient
into the secondary, unless a dis-
charge path is provided in the pri-
mary or secondary circuits. The
amplitude of this type of transient
depends on the instant during the
a-c cycle at which the circuit is
opened. Highest transients occur if
the switch opens at or near the
point where the primary voltage
swings through zero®.

Power line transients can be gen-
erated in four ways:

Switching transients, mentioned
previously are caused by power go-
ing off and coming back on.

Transients are also caused by
direct lighting strokes to nearby
power lines.

Transients can be caused by in-

duced voltages into the line by
lightning not actually striking the
line.

Surges and transients are caused
by reflected waves and surges of
the power company equipment try-
ing to adjust to the load after mo-
mentary power interruption.

Worst Offender

As a destroyer of silicon diode
rectifiers, thunderstorm activity is
by far the worst offender. In a
great majority of cases, silicon
diode failure occurs while a thun-
derstorm is in progress.

In addition to the lightning pro-
tection equipment used by the
power company, a lightning pro-
tector of the thyrite magne-valve
type is installed in many equip-
ment buildings. If a lightning ar-
rester with a 175-v rating is in-
stalled at the site, the question
arises whether this would offer
sufficient protection for electronic
equipment installed nearby. This
rating of 175-v does not mean that
all voltages over 175-v to ground
are eliminated. Once a lightning
arrester breaks down, its internal
resistance falls to a very low value
around one ohm. The voltage gen-
erated by several hundred or sev-
eral thousand amperes flowing
through one ohm means however

electronics



DIGITAL VOLTMETER
HODR o

Vo
KQ/DC CONVERTER
maoet oas

200 Y% o0
\“—-
o
m! B @
s ﬁ
- e

-

Put yourself in his place. You can program your Beckman® digital multimeter
system to continuously measure and record a variety of AC voltages, K ohms,

and DC voltages. You’ll have a 29-point DC scanner, a DC preamplifier, a

Vo LTAGE AN D KQ/DC converter, and an AC/DC converter. Your four-digit 0.01% DVM
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that instantaneous voltage levels
can rise tremendously. The 175-v
rating is the extinguishing voltage
at which the arrester disconnects
when the peak of the overvoltage is
past. This prevents the arrester
from being a short to ground for
the normal power line voltage. Sili-
con rectifiers fail at sites with
lightning arresters and one cannot
depend on these devices to prevent
failures.

Thunderstorm Transients

A direct lightning strike on a
power line acts as a d-c voltage with
a steep wavefront even after a
lightning arrester has broken down
and diverts current to ground.
This d-¢c wavefront travels with the
velocity of light over the power dis-
tribution system. This d-c voltage
causes saturation of the iron in the
supply transformers and distribu-
tion transformers connected from
line to ground, thereby changing
the transformer from its previously
high surge impedance of several
thousand ohms to a relatively low
resistance (approaching the d-c re-
sistance of the primary winding)
from line to ground. After the tran-
sition, each transformer presents

Demand Grows for

a low resistance drainage path in
parallel with that of the arrester,
thereby diverting a large portion
of the long duration stroke current
away from the arrester. Urban sys-
tems with multi-grounded neutral
will result in less severe long dura-
tion discharge duty on arresters,
because the high density of rela-
tively large transformers connected
from line to ground will divert
more of the long duration current
away from the arrester. Conversely,
rural systems having lower density
of relatively small transformers
divert less current away from the
arrester.’ This means that lightning
transients are more severe and of
longer duration in rural areas.

Voltage Transients

One solution to increase piv rat-
ings is to put two or more rectifiers
in series. But this creates additional
problems. If the reverse resistance
and leakage currents of diodes in
series are not equal, then the in-
verse voltage across each rectifier
will not be equal. This is solved by
shunting each diode with a fixed
resistor forming a voltage divider
network that equalizes back re-
sistances. A similar capacitive volt-

Special Antennas

Array of Yagi antennas, used for down range data acquisition and track-
ing applications in satellite programs, exemplifies creative antennas design

required for space programs.

Structure above incorporates remote-con-

trolled hydraulically-actuated, azimuth-elevation mount and support tower.
Controls select horizontal or vertical linear polarization, as well as right-
hand or left-hand sense circular polarization. (Taco, of Sherburne, N. Y.)

electronics



UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS . . . REGARDLESS
OF RACE, CREED, COLOR OR NATIONAL ORIGIN . . . WRITE AVCO/ELECTRONICS & ORDNANCE TODAY,

A vca ELECTRONICS AND
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traffic cop
for today’s
crowded skyways

It delivers up to 120 landings per

hour, even under instrument conditions
... handles 24 aircraft in the terminal
area at a time . . . provides continuous
surveillance of every plane in its
90-mile control radius.

It’s Avco’s Air Traffic Control
Central—the AN/GSN-11—developed

by Avco’s Electronics and Ordnance
Division. The GSN-11 is designed to make
more efficient use of limited air space at
busy terminals—increase landing safety.

It automatically guides a plane’s pilot
from point of identification to landing
position. It computes air speed and capability,
wind direction, and all other arriving traffic
—then selects the simplest, most
economical flight path to a safe landing.

Now on test at the National Aviation
Flight Experimental Center near Atlantic
City, the GSN-11 is being tried out with
planes ranging from high-speed jet inter-
ceptors to slow single-engine types.

Upon completion of these tests by the USAF
and the FAA, Avco will be able to offer

the most advanced air traffic control
equipment in existence today.

For complete information on Avco’s
Air Traffic Control Central, write: Director
of Marketing, Electronics and Ordnance

Division, Avco Corp., Cincinnati 41, Ohio.

Avco’s computer-directed Air Traffic
Control Central, AN/GSN-11
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“do Wonderful
Things
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A toast to Itek for a wonderful thing . . . Itek Crystal Filter 968B,
with a near-Gaussian attenuation characteristic makes possible a
10,000 channel receiver! In antenna circuits, this 5 MC Filter opti-
mizes pulse response, minimizes overshoot, and eliminates adjacent
channel interference.
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Perhaps you don’t need a Gaussian i /
crystal filter. But could you use the in- N =3
genuity that built one? Could Itek tech- g
nical leadership help you? \ Sin 7
Of course, the world’s largest and most \UElL, LTV
complete selection of stock filters is avail-
able, too. Choose from more than 3,000 [Nt
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Write for free Brochure “WEESKACFAACP” or, What Every Engineer
Should Know About Crystal Filters At A Cocktail Party. You’ll enjoy it.

Itek Electro-Products Company
75 CAMBRIDGE PARKWAY, CAMBRIDGE 42, MASS. A DIVISION OF Itek.
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age divider equalizes transients.
Thyrite resistors, or spark gaps
across transformer secondaries can
also be used.

Eliminating Transients

Several interesting devices have
been developed recently to combat
the avalanche problem. Silicon
rectifiers with piv ratings to 10,000
volts and even higher are now
available. A device to eliminate
transients in the power supply is
the selenium transient suppressor.
This is a “back to back zener” type
device that draws negligible cur-
rent below rated recurrent peak
voltage. However, as the voltage
rises above this point, as would be
the case in a transient condition,
the diode current increases rapidly
and dissipates the transient energy.
They are marketed under such
names as General Electric’s Thy-
rector and Sarkes Tarzian’s Klip-
volt lines.

Recently General Electric an-
nounced their Controlled Avalanche
rectifier. Carefully controlled non-
destructive internal avalanche
breakdown across the entire junc-
tion area protects the junction sur-
face and eliminates destructive lo-
cal surface heating that perma-
nently destroys the conventional
rectifier. Thus a great deal of
avalanche breakdown protection is
a “built in” feature of this rectifier.

The help and assistance of the
Rectifier Components Department
of General Electric and of the
Sarkes Tarzian Company in the
preparation of this article is grate-
fully acknowledged.

REFERENCES

(1) Kampf, H. A., Electronics, Oct. 2, 1959,
(2) General Electric Company, Silicon Con-
trolled Rectifier Manual, Second Edition.
(3) Towne, H. M., Lightning Protection of
Distribution Equipment and Circuits, paper
presented at Southwestern Distribution
Power Conf., Austin, Texas, Oct. 20, 1953
Published by General Electrie.

Extending Range of
Controlled Rectifiers

A NEW TECHNIQUE developed by
Transitron Electronic Corporation
increases the usefulness of silicon
controlled rectifiers over a wider
temperature range and provides
more desirable firing character-
istics. This process is now used in

electronics
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Simple. In the first place, the new Ozalid Printmaster® 900 develops
dual-sided materials in one pass! ... But, also important, single-coated
papers are developed through the back of the base stock, as well as from
the front, insuring prints with no under-developed images to fade or
discolor. And, with the exclusive Ozalid sleeveless developer section,
the 900 develops plastic-coated papers without sticking. Print speeds to
75 fpm, hi-intensity 100 or 150 wpi lamp, balanced cooling and simpli-
fied speed control give you unmatched reproduction versatility.

The most machine for the money on the market! Get all these extras at no ex-
tra cost—instant reversing switch, automatic exha/ust timer, enclosed
roll holders, automatic feed safety device, lamp intensity switch, instant-
start variable speed control, remote ammonia supply attachments. Send
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WHEN COST IS A FACTOR AND
RELIABILITY COUNTS...
ITT KELLOGG INDUSTRIAL RELAYS

Backed by 60 years of telephone and industrial experience . . . to give you premium
performance at production-line prices.

e Sensitive ® Durable * Miniaturized models
For a variety of hard-use applications.

TYPE L Miniaturized, extremely versatile. Up
to 220 volts DC operating current. 1 to 2 milli-
seconds operating speed.

TYPE AK Highly sensitive. Can operate on as
little as .002 amps. Fast open-close for maxi-
mum number of circuits.

TYPE ''4000"" General purpose. Very long life,
extreme reliability. Over 100 coils available, for
varied circuit needs.

DUO-QUINTET Designed for application as a
memory device. Can also be used in binary or
binary decimal storage.

MAGNETIC IMPULSE COUNTER For
switching or control where information is sup-
plied in a series of electrical impulses, as in
computer design, telemetering, ete.

These are only a few of the relays that ITT Kellogg has for virtually every industrial
use . . . from the simplest to the most sophisticated. Types for “memory” devices,
binary data storage, magnetic impulse counters, multiple-circuit operation, hazardous
atmospheres, special requirements. Miniaturized models are particularly adaptable to
use in computer systems, two-way radio, and automation devices.

got a problem?

ITT Kellogg will engineer relays for the special, exacting needs of the modern systems
and controls designer. You'll find ITT Kellogg relays . . . or other components . . .
reliable, durable, efficient . . . yet moderately priced. They are built to exacting, high-
performance standards developed by more than 60 years of design and manufacturing
experience for the telephone industry. Write or call for a specialist to discuss your
needs. Whatever your problem, Kellogg has the experts to help you. No obligation.

other industrial systems components

ITT Kellogg designs and manufactures a broad range of other electronic and electro-
mechanical components . . . such as translation matrices, magnetic data-storage drums,
transistorized circuit modules for digital systems, telephone-type hardware of all kinds.

For more informalion, conlact
your nearest representalive today.

KELLOGG

A Division of

International Telephone & Telegraph Corporation
Industrial Sales Department

6650 South Cicero Avenue, Chicago 38, lllinois

REPRESENTATIVES:

Robert W, Gray
572 Washington Street
Wellesley 81, Massachusells Milwaukee 16, Wisconsin

47 DeForesi Street H. Markowitz Land-C-Air Sales Co.
Watertown, Connecticut 511 Montana Street 76 Main Street
P. O. Box 191 Tuckahoe, New York

LTT

T. H. Ellis Sales Co,, Inc.
7711 State Line Road
Kansas City 14, Missouri

Albert A, Jacobs

Penwarden/Dailey Assoclates
3913 N. 35th Street

14547 Titus Street
Van Nuys, California

Bernd! & Klein Associates
N. Milwaukee Ave.
Chicago, Illinois
E) Paso, Texas
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the production of the firm’s silicon
controlled rectifiers.

David H. Navon, Director of
Transitron’s Research and Develop-
ment, points out that while silicon
transistors can operate safely at
temperatures of 150 C and higher,
and the current gain in general be-
comes greater as the temperature
rises, some silicon controlled recti-
fiers can fail at temperatures not
much in excess of 150 C.

Above this temperature the recti-
fier no longer maintains its high
impedance and switches automati-
cally to a low impedance state at
some elevated temperature.

It is desirable to stabilize the sili-
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current to fire vs temperature

con controlled rectifier so that its
blocking voltage is maintained at
higher temperatures. Also, it is
convenient to have the gate current
necessary to fire the rectifier essen-
tially constant and independent of
temperature.

To accomplish this, an appropri-
ate input circuit has been inte-
grated into the device. Figure 1
shows the rectifier blocking voltage
and Fig. 2 the gate firing current
as a function of temperature in a
normal controlled rectifier. Also in-
cluded is the data for a similar
rectifier that incorporates the inte-
grated input circuit. The integrated
device is useful over a much wider
temperature range and has signifi-
cantly more desirable firing charac-
teristics.
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ELECTRONIC COMMAND SYSTEMS

ENGINEERS: Creative mind-
power is being applied today by

the men of Motorola to such vital
aerospace programs as the NASA/
JPL Mariner planetary probes...

the Mercury manned orbital space
vehicles...and the Navy’s DASH
drone anti-submarine helicopter. Ad-
vanced instrumentation is also being
developed for more than 20 major U.S.
missiles. ¥ If you are interested in shaping
the future with Motorola on these and other
programs, we can offer immediate opportu-
nities to both system and equipment design
engineers. Write us today describing in complete
detail your experience in the following areas:

Systems Design e operational and functional mission
analysis, optimum time-bandwidth utilization, redundant
system organization for reliability, phased arrays, digital
and voice communications,and A-J secure communications.

Equipment Design e solid state receivers, transmit-
ters and transponders, distributed parameter microwave
equipment, digital Modems, controls and displays, low-level
switching circuits, and digital data processing circuitry.

Familiarity with State-of-the-Art e spread spectrum tech-
niques,visual spectrum intelligence transmission, statistical theory
of communication, integrated circuit applications, multiple logic
element techniques, organization of digital data handling systems,
correlation and phase-lock techniques, and coding and modulation.

We are particularly interested in the programs on which your
experience was obtained, and the extent of your technical
responsibility. Please address this information to our Mana-
ger of Engineering for immediate and confidential attention.

An equal
opportunity MOTOROLA
employer

Military Electronics Division Headquarters
8201 E. McDowell Road + Scottsdale, Arizona
MILITARY PLANTS LOCATED IN CHICAGO, ILLINOIS;
SCOTTSDALE, ARIZONA; RIVERSIDE, CALIFORNIA.
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NEW ﬂ WHY LET SOMEONE ELSE DISCOVER

- Low cost ALLEN TYPE C OSCILLATORS?
- High Speed, (and someone does discover these
SPDT unique transistorized frequency gen-

« Broadband
- High isolation

erators for another new application
almost every day.)

SOLID STATE SWITCH Allen Type C Oscillators provide THREE
| IMPORTANT ADVANTAGES:
The 50 nanosecond maxi%nol(l)mMéwilching timﬁ and superigrbrelia'bijlity of ® Surprlsmgly LOW COST
this new broadband (0.1 to ) coax switch are achieved by solid state i .
circuitry. Isolation is better than 70 db. And its semiconductor design reduces ® ‘L‘Jmform pre :(,eSted. QUALITY
not only switching lags inherent in electrgmecralrllli/cal devices,dbut power e ‘‘Same-week dellvery for your
drive consumption, too. What's more, it weighs only 4}, ounces and measures e
%" x 134" x 3%", yet offers high performance switching. speplﬂed frequency - 3
This new Sanders switch operates equall¥ well in both directions . . . can The efficient mass-prod uction of hlgh
be used to switch a single input into either of two outputs, or to switch either : - 2
o Ewo TGO Tt & SR it Ao ‘ quality frequency sources, indispensable
These features‘ oﬁler newfsolgtions toa wnlt]je vgnety of swutcfhindg problems, to the success of Allen electronic organs,
including: in multiplexing, feeding a time-shared antenna or feeding one re- : T TH
ceiver from many time-shared sources; in signal suppression of unwanted now Cont”bUtes to the grea}t fleX|b|I|ty
signals such as T-R devices in a receia/er;tir\lngglse m?dl;|atijo_?f, as :: brotad- of Type C Oscillator production.
band pulse modulator; in steering, to direc signals for different system . : . : : .
modes uf orersiio, You are invited to investigate this un
COST — a low $87, 100 — up; $92, 25 — 99; $97, 1 — 24. usual com ponen.t. Write Dept 2305 for
DELIVERY — From stock illustrated technical data.

SEND COUPON FOR COMPLETE DETAILS Fj
—————————— . e

Sanders Associates, Inc. g L | E COMPONENTS DlVISlON
Microwave Department, Nashua, New Hampshire '
|

Please send complete performance data and other information on Model 201 ll[
Pn ORGAN COMPANY, INC.

switch.
— MACUNGIE, PA., PHONE 965-9801
CIRCLE 215 ON READER SERVICE CARD
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NEW SANBORN “650“

SYSTEM

OFFERS DIRECT READOUT, 8 TO 24 CHANNELS, ALL SOLID STATE CIRCUITS, FOR RACK

MOUNTING OR INDIVIDUAL CASES.

SENSITIVITY 20 mv input gives 8" deflection;
12 attenuator steps to X5000, smooth
gain control.

INPUT RESISTANCE 100,000 ohms all ranges,
floating and guarded; DC source re-
sistance must be kept below 1000 ohms
on myv ranges only.

COMMON MODE PERFORMANCE Rejection
at least 140 db at DC, tolerance to
+ 500 volts, max.

GAIN STABILITY Better than 1% to 50° C. and
for line voltage variation from 103 to
127 volts.

1%% of full scale (8 in.)
NOISE 0.02” peak-to-peak, max.

LINEARITY

MONITOR OUTPUT On front panel: pro- ﬁ

vides *1v full scale across 100,000  F¥
ohm load 7

POWER REQUIREMENTS 103-127 volts,
60 cycle AC, 625 watts

Contact your Sanborn Sales- Engineering Repre-
sentative for complete specifications and applica-
tions engineering assistance. Offices throughout
the U. 8., Canada and foreign countries,

Here’s the one system that lets you record inputs from DC to
5 KC within 3 db at 4" peak-to-peak amplitudes, without
changing galvanometers. The “650” system consists of an 8-
channel medium gain, general purpose amplifier unit driving
a high speed, high resolution optical oscillographic recorder.
It can be easily built into your system, packaged in a mobile
cabinet or housed in individual cases. The single-chassis, 7"
high amplifier module has 8 separate channels, complete from
floating and guarded inputs to galvanometer outputs; each chan-
nel comprises a front end modulator and input transformer,
carrier amplifier, demodulator, filter and driver amplifier.
Power Supply and Master Oscillator Power Amplifier are
built-in. All amplifier elements are plug-in transistorized
units for easy servicing.
Immediately readable recordings aremade on 8” wide daylight-
loading ultra-violet-sensitive charts which require no chemical
development. Features of the 124" high recorder unit in-
clude 9 electrically controlled chart speeds from 14" to
100"/sec; calibrated monitoring screen; automatic trace iden-
tification and timing lines at 0.01 or 0.1 sec. intervals;
amplltude lines spaced 0.1” apart which can be blanked from
<R 14, 14, 34 or all of chart. Recorder is available with an
r 8-, 16- or 24-channel galvanometer block which is then
equlpped with the number of galvanometer elements
desired by the customer. Either the Recorder or Ampli-
fier are also available as individual units for use with
other equipment.

Ny
SANBORN COMPANY

INDUSTRIAL DIVISION
175 Wyman St., Waltham 54, Massachusetts
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PRODUCTION TECHNIQUES

Qualification examination at end of course consists of welding components
and wires to complete a typical electronic module

In 20-hour course, welders and inspectors learn principles of welding
and how to make uniform, reliable welds

Welding School Improves Circuit Reliability

By STEPHEN W. MAHON

Westinghouse Air Arm Div.,
Friendship Airport,
Baltimore, Maryland

ADVANTAGES of formal training for
production workers in welding elec-
tronic circuits appear to be well
worth the cost and effort involved.
The major result is better work-
manship and thus increased re-
liability. Cost savings in produc-
tion have not yet been thoroughly
evaluated but are known to be oc-
curring, primarily as a result of
reduction in rework and inspection
and from greater uniformity in
workmanship.

To obtain maximum results from
a formal training course, certain
conditions should be met. A class-
room within the plant with condi-
tions similar to actual working
conditions is desirable since it does
not create a false image of the job
as it will be performed on the pro-
duction line. In-plant training also
allows adequate control over the
program and the equipment used.

The instructor should be selected
for three qualities: ability to do the
work to high standards, ability to
teach, and ability to motivate and
lead the trainees. Production fore-

78

men often make good instructors
but in this case the instructor was
selected from the engineering
group that worked out the produc-
tion problems of introducing re-
sistance welding to the plant.

Group training is preferable to
work-station training since it
makes the best use of the instruc-
tor’s time and focuses the trainee’s
attention on the training, rather
than serving as a make-work oper-
ation during what would otherwise
be non-productive time. Work-sta-
tion training during non-productive
time can often be costly because of
the amount of rework required.

When a regular course in train-
ing is set up, it is good practice to
let the trainees attend it without
interruption, rather than attempt
to fit in the training when it is con-
venient.

Course Organization

It was possible to meet all the
above conditions in the welding
course set up here recently. The
course itself is organized as shown
in Table I. Twenty hours of class-
room work is provided, with no dis-
tinction being made between
trainees on the basis of prior cir-

cuit welding experience. A train-
ing department representative
makes the introductory remarks,
explaining course objectives and
impressing trainees with the need
for introducing new tools and meth-
ods, management support of the
program and the need for reliable
circuits.

Dewveloping Skills

The rest of the course is devoted
to giving the student a thorough
grounding in welding techniques
and in developing his skill to the
maximum. Individual guidance and
shop practice is the largest block
of time (14 hr.) in the program,

Welded module, fixture, and simple
tools

electronics



Capacitors of MYLAR often cost no
more than paper—sometimes cost less

AT LOW PRICES

E “MYLAR"-PAPﬁR AND “MYLAR'
wm PAPER

$.25
This grapb is an analysis of capacitor prices using
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‘me METALLIZED PAPER/ “MYLAR'

- ALUMINUM ELECTROLYTICS wmws MICA ® @@ CERAMIC
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serered

MICROMIC ROFARADS (MMFD)

As shown
by an analysis of industry prices

A recent industry survey made by Du Pont showed
that most design engineers did not consider capac-
itors of “Mylar”* in the same low price range as
paper. Yeta study of manufacturers’ average prices,
as reported in our capacitor booklet, points out
THAT OVER A RANGE OF SIMILAR CAPACITANCES AND
RATINGS—UNITS MADE WITH “MYLAR'* COMPARE
CLOSELY IN PRICE WITH THOSE OF PAPER.

This means, at no greater cost, you get the extra

REG. U, 5, PAT. OFF

BETTER THINGSSEORWBETTER LIVING.

June 1, 1962

.THROUGH CHEMISTRY

|

POT R A

100 1,000 10,000 . i
0.001 0.01 01 10 !
MICROFARADS (MFD)

1000

reliability of “‘Mylar’’—superior dielectric strength,
moisture resistance, and thermal stability over a
wide range of temperatures. And you can design
more compact components with the reduced ca-
pacitor size permitted by ‘“‘Mylar’.

Write for this industry study and price chart.
Evaluate the full advantages and properties of
“Mylar’’ before specifying your choice of capaci-
tors. Du Pont Co., Film Dept., Wilmington 98, Del.

bylaris Bu Rl registered trademark for its polyester film.

|

only DU PONT makes

MYLAR’

POLYESTER FILM
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. ADVANCED

¥

% FLASH
* TECHNOLOGY

for

® Flash-induced chemical catalysis

® High-speed photography of chemical
and process reaction

® Motion studies, shock-wave photos

® Cloud chamber physics

® Deep-sea photography

® U.V. printing and time-marking

® Satellite beacon systems

EG&G's leadership in flash technology is
solidly based on original contributions to
the state of the art which have produced
more than 40 patents for tubes, circuits and
strobe systems.

OPTICAL MASER
(LASER)
LIGHT PUMPS

400 ws. system
$1190

1280 ws. system
531 532 $3345

Model 531 Output: 400 ws. (1050 mfd at 900 v.)
Input: 115 v. 60 cycle a.c. Price $795. Model
532 Flash Head with 2 Model 100 tubes:
$395. System will drive ruby rods with 400 ws,
threshold. System price: $1190.

Model 522 Two unit1280 ws. system provides
up to 4 kv. into 80 mfd. or 160 mfd. Triggered
externally or from front panel. Drives Model
511, 512, 513 Flash Heads with 4 to 10 Model
100 tubes. Accommodates crystals 2" long
up to 2" dia. Input: 110 v. or 220 v. 60 cycle
ac. Price $3345 (complete system with 4
tubes).

Note: Power supplies, capacitor banks,
flash heads, pulse transformers are all
available as separate items.

XENON FLASH TUBES

FX-1 (above) 400 ws. FX-38 200 ws.
T

FX-42 (above) 3" arc, 600 ws.
FX-45 6" arc, 2000 ws.

FX-31 (above) 5 ws. flat-topped for optimum
optical characteristics.

Further information on request on above
products and on Hydrogen Thyratrons and
Diodes, Triggered Spark Gaps, Transform-
ers, Oceanographic Instruments, Radia-
tion Detection Devices, other Flash Tubes,
Flash Machines, Stroboscopes, etc.

Edgerton,

Germeshausen
& Grier, Inc.

161M BROOKLINE AVENUE, BOSTON 15, MASS.
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TABLE I—WELDING SCHOOL PROGRAM

I Introduction (0.5 hours): purpose and objectives of the welding school
program.

II Orientation and indoctrination (0.5 hrs.) : School rules, good housekeeping
and safety, new machines and accessory tools and equipment.

IIT Introduction to resistance welding miniature modules (2 hrs.):

A. Reasons for welding: elimination of flux, closer packing of components,
less danger of contamination through encapsulation, less heat damage, more
postive control.

B. Components and leads: recognition of components and leads, precautions
in handling, percautions in assembly.

C. Welding machines: principles of operation, power, pressure, electrodes,
importance of machine settings.

D. Weld schedules and certification of machine: explanation of procedures
and forms.

E. Weldability of materials.

F. Electrodes: effect of electrode materials, effect of electrode shape, cleaning
and dressing electrodes, electrode alignment,

IV Individual guidance and shop practice (14 hrs.):

A. Welding cross wire joints: component leads (Alloy 42, Kovar, Dumet),
nickel ribbon interconnections.

B. Pull-test.

C. Welding dummy modules: circuit sketch, positioning nickel ribbon with
respect to leads, sequence of operations on both sides of dummy module,
visual inspection.

D. Welding complete module: introduction to circuit sketch (weld settings
for diodes, resistors, transistors, terminals), visual inspection of complete module.
V Pre-test review (1 hr.): machine characteristics, misalignment of leads yhile
welding, cleaning electrodes, trimming leads and nickel ribbon, placing nickel
ribbon with respect to mylar, welding on correct side of lead, review of defects
and causes.

VI Qualification examination (2 hr.): welding complete module in accordance

with sketch of circuit..

VII Inspection of work: review and grading of welded module by product
reliability department, including visual inspection and electrical test.

and excellence is strived for
throughout; welding speed will de-
velop later when the trainee puts
his knowledge to use on the pro-
duction line.

The qualification examination
given at the end of the course con-
sists of welding 9 resistors, 6 di-
odes, 3 transistors, jumper wires,
pins and terminals for a total of
eighty welds. The allotted two
hours is more than enough time to
make the welds and is made long
deliberately to encourage excellence
and to discourage hasty and slip-
shod work.

Test modules are graded by the
Product Reliability Department on
the basis given in Table II; each
of the 80 welds is graded on each of
the eight points listed. A score of
90 percent is needed to pass the
course and a certificate of course
completion is awarded each suc-
cessful student.

Of the first 26 employees taking
the course, 21 passed the examina-
tion on the first try. Of the five
who failed, four repeated the com-

plete 20-hour course and passed it.
Test scores of those passing the
course averaged 96.7 percent, in-
dicating that the program is effec-
tive in meeting the training goals.

Training costs, including direct
labor costs of the trainees, training
materials, and instructor’s time,
averaged about $80 per student for

TABLE ITI—-GRADING SYSTEM FOR
WELDED MODULES
A. Length of component lead above
ribbon
B. Length of ribbon tail beyond the
terminal
C. Spacing between ribbons or rib-
bons and terminals
D. Spacing between ribbon and film
E. Deviation of ribbon from film
outline
F. Centralization weld on lead
G. Overall module thickness
H. Other flaws
(Inadequate workmanship in categories
A, B, and F gets 2 demerits; in C, D,
E. G, and H, one demerit.)

electronics



IDEAS

el RS = Economical Power Conversion

FOR MEDIUM CURRENT APPLICATIONS...
RS

Sarkes Tarzian hermetically sealed medium and heavy lac — ' }
current rectifiers combine efficient operation with low cost. A wide l t
choice of ratings and circuitry fit power supply applications from
air space to electrochemistry. Tarzian literature is available to
show you the products—Tarzian engineering assistance is ready to
apply them to economical solutions to your power conversion

groblems—at no cost. Write or call us now.

Single Phase Center Tap RS

RS—Sarkes Tarzian 40H3
Convection cooling—fin size 3” square (Al.)

Output—125 VDC @ 12 amp DC
Ripple—52% (unfiltered)
lac—9.5 amp RMS

FOR HEAVY CURRENT APPLICATIONS...

lac . =
RS
Three Phase E
Half Wave LOAD
350V

lae) ——

RS—Sarkes Tarzian 9-50 RS I
Forced air cooling, 2000 Ifm— N N . l
fin size 6” square (Cu.) ’{
RS &
e o " 280V
Output—230 VDC @ 625 amps Rippe—20% (unfiltered) .
lac—370 amp RMS —N———-H—
i
Single Phase
Bridge

RS—Sarkes Tarzian 2-40

Convection cooling—fin size 4” square (Al. or Cu.)

Output—250 VDC @ 25 amp DC
Ripple—52% (unfiltered)
lac—28 amp RMS

m=]

Some Typical Sarkes Tarizan
Hermetically Sealed Rectifiers

A -
—p——Pt—
Brage i _ﬁ—”—

RS—Sarkes Tarzian 9-50 Forced air cooling, 2000 Ifm— {LoaD}
fin size 6” square (Cu.)

Output—465 VDC @ 625 amps Ripple—4.5% (unfiltered)
lac—510 amps RMS

FOR VERY HEAVY ' IRS
CURRENT Type Max. Peak Max. DC
APPLICATIONS... Volts Amps*
Type H3 - 6 Amp Series
© 20H3 200 6
40H3 400 6
60H3 600 6
Type 2 - 12 Amp Series
2-20 200 12
2 - 40 400 12
2 - 60 600 12
Type 9 - 250 Amp Series
-20 200
Six Phase Star g - 40 400 gssg
9-60 600 250

RS—Sarkes Tarzian 9-50
Forced air cooling, 2000 Ifm—
fin size 6” square (Cu.)

Positive or negative base polarity available in all types
*with adequate cooling fins

Output 230 VDC @ 1250 amps DC SARKES TARZIAN, INC.
Ripple —4.5% (unfiltered) World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast
lac—500 amps RMS Equipment « Air Trimmers « FM Radios « Magnetic Recording Tape « Semiconductor Devices

SEMICONDUCTOR DIVISION ¢« BLOOMINGTON, INDIANA
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the first group trained. These costs
are expected to be offset by savings

®
S l d realized in 1962 from reductions in
uppress ea ere error repair work and inspection time,
2 e due to the uniformity of connec-
In resistance bons. Tt is believed by all con-
cerned that basic production train-

temperature measurement o has o siial boneiag. on relibil

ity.

with REC’s

TRIPLE
BRIDGE -
UNIT L

The new Rosemount Triple-Bridge Unit suppresses the effects of vari-
able unknown lead resistance better than any previous method used in
variable resistance temperature measurement. Lead variation can intro-
duce substantial errors, particularly where leads are unequal or lead
resistance is unknown. The Rosemount TBU shows vastly better
suppression of these errors than conventional 3-wire and 4-wire
bridge circuits.

Drafting Technique Shows
Both Sides of PC Boards

Faded-out circuit pattern nlus com-
ponent layout simulates actual pc

Check these advantages of this newly developed variation of the board
basic Wheatstone bridge:
® Suppresses large lead resistance changes (up to 5 ohms) A DRAFTING TECHNIQUE that shows
e Suppresses variable lead resistances both at null and when both sides of an etched circuit
unbalanced

board has been developed by
Hughes Aircraft Co. communica-
tions division at Culver City, Calif.

Dual visibility is achieved photo-
graphically by printing a bold out-
line of the component side of the
circuit board over a faded outline
of the back, or solder side. Thus the

e Suppresses unequal lead resistances
e Can trim out calibration differences
e Multiple temperature ranges available at standardized output
e Standardized 10 mv. D.C. output to match existing equipment
e Complete selection of auxiliary equipment
The TBU is a precision-made, plug-in unit permitting convenient change
of full-scale temperature and capable of correcting known calibration
errors of the temperature probe used. A basic 10-channel Triple-Bridge

Unit is offered, with sockets and inter-connecting wiring for 10 sensors complete circuit, with the location
and 10 plug-in TBU’s, thus providing 10 temperature ranges for of all the components in relation to
each sensor. the solder points, is visible at a
WRITE FOR BULLETIN 86012. It gives specification detail and a mathe- glance. The technique reduces er-
matical analysis of the increased accuracy possible with the Triple- ror in circuit layout and has re-
Bridge Unit as compared with conventional 3-wire and 4-wire bridges. duced design drawing costs by 50

percent. Microfilmed copies of the

ROSEMOUNT drawings meet the strictest mili-

ENGINEERING gy
R First a master drawing of 4 to 1

scale is made of only the etched side
COMPANY of the board. This is photographi-
4900 West 78th Street, Minneapolis 24, Minnesota cally reduced to make negatives of

G y iy machine and assembly drawings.
SPECIALISTS IN TEMPERATURE AND PRESSURE MEASUREMENTS .
i Two negatives of the master are
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}
4 ] ISOLATION EFFICIENCY

.l : ! 1
o VIBRATION INPUT - MIL.T-5422E
MAX. PERMISSIBLE . i i |
3 PER £ ENVELOPE . CURVE I
MASS - 3 LBS.
PERFORMANCE O

; 2 GX"J.. MODEL C155.2

: 7\

= / \
£ 1 | 4

=

w

x
-1

5

i

ACHIEVE

G0

ISOLATION

with maximum transmissibility

of less than 3, on electronic

equipment subjected to the vi-

bration of a helicopter environ- v ;

ment exceeding MIL-T-5422E ,E:?c'f;’ﬁ',’:n"gjt‘;fo“g"m&

(ASG) requirements.

For information on how we can solve your particular vibration
problem write to Dept. BL— 32

AEROFLEX LABORATORIES \'

INCORPORATED
48-25 36TH STREET e LONG.ISLAND CITY 1, N. Y. §
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How to grow a beard...

Sit back and wait for your copy on that routing list.
Okay if you like beards. Otherwise, look in this issue
for the Reader Service Card. Fill in the ‘for sub-
scriptions’’ section. Mail. Only 714 cents a week.

electronics
A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36
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at Eimac.

As a development engineer at Eimac you follow each
project through from start to finish. You are consulted
on customer requirements and applications. You conduct

| feasibility studies and have complete device develop-
' ment responsibility. You deal directly with engineering

management — no complicated chains of command.
You're an individual, recognized for your achievements.
And at your command are three specialized tube devel-
opment labs and model shops, each one concentrating
on a specific area: high power microwave, microwave
and power grid. If you are interested and have relative
experience, we'd like to tell you more.
No resume necessary. Just write to:
Mr. C. F. Gieseler, Department B,
Eitel-McCullough, Inc., San Carlos,
Calif. An equal opportunity employer.




is a general purpose
digital test instrument

DATA CHANNELS AND CYCLE LENGTH I to 100 serial bits single channel or
1 to 50 serial bits two channels.

CLOCK RATES Variable 2cps to 2me, external clock, or push button clock.
DATA RECYCLE Continuous recycling or single cycle on command.
SYNC OUTPUTS Clock sync, bit no. one sync, or selected bit sync.

DATA OUTPUT Selectable 1/0 coding within the data cycle for each channel.

PROVISION FOR TWO OUTPUT UNITS IS MADE FOR PRESENTATION
OF CHANNELS ONE AND TWO DATA.

pulse outputs with variable fast rise and fall times.

P 902 output unit provides a variable DC level pulse
output or a modulated carrier output.

Write for more detailed information.

Additional Datapulse products -
104 PULSE GENERATOR

DATARPULSI[E

INCORPORATED

Repatition rate to 10me
40v into 50 ohms output
ulse width from 20 nanosec, to 500[1 sec.
Defay from 50 nanosec. to 10 millisec

509 HINDRY AVE. ING D 1, CALIFORNIA

Data Systems o Pulse Instrumentation

ORchard 1-7713 ORegon 8-3983
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Photo of core memory courtesy of Ampex Corporation

P 901 output unit provides simultaneous pos. and neg.

made, both reduced to 2 to 1 scale
to fit on D-size sensitized drawing
film.

Dual visibility is achieved by
projecting the etched circuit on
sensitized film and fading it out by
use of a screen. Then the compo-
nents are inked in and the boldness
of the component outline over the
faded circuit presents a distinctive
drawing, providing marked con-
trast between the two sides.

The same technique can be em-
ployed to show circuits on a double-
sided etched board. The circuit on
the near side is shown bold and the
reverse side is faded out.

Differences in line density read-
ily distinguish the component, cir-
cuit near-side, and circuit far-side
in the double-sided etched board.

Simple Forms
Aid Cable Making

A SPACE PROBLEM in an airborne
monitoring unit was solved at
Lockheed Electronics Co. by using
specially molded cable connector
potting forms of glass epoxy made
by Stevens Tubing Corp., East
Orange, N. J.

Standard cable connector forms
were too large and restricted the
direction of wire take off. A special
shorter form was designed to snap
fit over the connector receptacle.
The form was then filled with RTV
Silastic compound, encapsulating
the wire connections.

The resulting cable assembly—
with its high resistance to mois-
ture, temperature, and shock—was
more economical than conventional
connector components.

Inexpensive potting forms are
made by cutting short pieces from
lengths of glass laminated epoxy or
silicone tubing, molded with tight
tolerances to snap fit over the con-
nector receptacle.

electronics
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A MESSAGE TO AMERICAN

INDUSTRY - ONE OF A SERIES

““The Profits Squeeze’’

Facts, Causes, Effects, Remedies

U. S. business is in a bind. Profits are caught
between rising costs and stable prices. And un-
less the pressures are substantially eased, every-
one — and not just the nation’s businessmen —
will soon be hurt by the squeeze.

The situation is critical, but correctable. Much of
what is needed is more understanding, a fuller knowl-
edge of the facts, and a wider appreciation of the role
profits play in the American economy.

This statement is designed to contribute to this end.
It shows what has happened to profits since World
War II. It looks at events behind the change. And it
suggests routes out of the predicament.

A Smaller Share Of Sales And Income

Among the most important developments of
the present business recovery is the rise in cor-
porate profits. Edging slightly above the 1960
level, after-tax profits last year rose to $23 bil-
lion. They are likely to push on to a new high
this year.

But this does not mean that corporations are
doing unusually well. Far from it. As the table
below shows, profits for 1961 were less than those for
1959 and 1956. They just equalled 1955 profits, and
were only a hair’s breadth above the earnings of 1950
when the economy was 45% smaller than it is today.

PROFITS AFTER TAXES OF U. S. CORPORATIONS

Year Billion Dollars Year Billion Dollars
1946 $13.4 1954 $16.8
1947 18.2 1955 23.0
1948 20.5 1956 23.5
1949 16.0 1957 22.3
1950 22.8 1958 18.8
1951 19.7 1959 23.7
1952 12.2 1960 2257
1953 18.1 1961 estimate 23.0

CORPORATE PROFITS AFTER TAXES

Percent of Percent of
Total Sales National Income

What’s more, profit margins — profits as a
percent of sales — are far below those earned in
the earlier postwar years. From 5.0 percent of
sales during the years 1946-50, profits dropped
to 3.6 percent during 1951-55. They slid to 3.2
percent for the period 1956-60. And last year
they were down to 3.1 percent.

Profits are also a shrinking share of national in-
come, as the chart above shows.

In considering these figures, it should be remem-
bered that they are averages for all corporations. Some
companies make more than the average, and some
make no profits at all.

Why Worry?

If only a few companies were making low profits or
showing losses, there would be scant reason for public
concern. But when business firms generally begin
showing a poor profit record, it becomes the proper
concern of everyone — stockholders, managers, work-
ers, government officials and consumers. This is be-
cause profits perform three indispensable jobs in the
American economy:

First, profits provide economic motive power.
They induce businessmen to research new products
and new techniques of production. They encourage



risk-takers to put their savings into economic activity
that is useful to the entire community.

Second, retained profits are the single most
important source of growth capital. As President
Kennedy said in his Economic Report to Congress,
“While we move toward full and sustained use of
today’s productive capacity, we must expand our po-
tential for tomorrow.”

Third, the quest for profits directs labor and
other resources to the jobs people want done.
They tell management whether it is doing a good job
or a bad job, and channel resources into the produc-
tion of the things consumers want.

If profit margins continue dwindling at the present
rate, these jobs can’t be done efficiently. Businessmen
will provide fewer new goods and services for con-
sumers. Investors won’t buy the new plants and equip-
ment that mean more employment opportunities and
better working conditions for labor. And some com-
panies will lose their zeal for shifting their efforts in
accord with consumer preferences.

Behind The Decline

While profit margins have bheen falling, the
corporate compensation of employees has taken
a growing share of both corporate sales and
national income. The following table shows what
has been happening here.

CORPORATE COMPENSATION OF EMPLOYEES

Percent of Percent of

Year Total Sales National Income
1946-50 23.5 40.1
1951-55 24.3 42 4
1956-60 24 .4 43.8
1961 estimate 25.0 43.5

But generally confronted by increasingly com-
petitive conditions, both at home and abroad,
companies have usually been unable to pass
along a bigger wage and salary bill to their con-
sumers in the form of higher prices, even if
they wanted to. In the early years after World War
II it was often possible to pass along higher costs by
marking up prices, but in these days of general abun-
dance intense competition for sales makes this difficult.
Hence the squeeze of profits between rising costs and
relatively stable prices.

High federal taxes also intensify the profit
squeeze. Except for the profits of very small com-
panies, the federal government still takes 52 percent of
business profit. This is the same giant slice that was
taken before tougher competition made profit dollars
so much harder to acquire.

What Can Be Done?

There is no disposition here to deprecate the desir-
ability of high wages. Nor is there any lack of appre-
ciation that the federal government must have very
large revenues if it is to perform its role in the 60’s
properly.

But it is important to realize that excessive
wage hikes and excessive taxes can be self-de-
feating. They can lead to reduced wages and reduced
tax revenues if they squeeze profits to the point where
these cannot play their vitally necessary role in the
economy. Before this happens both labor and govern-
ment should take time out to ponder the long-run
effects of today’s actions.

There is an ancient and honorable phrase which
says that “the laborer i§ worthy of his hire.” Labor
leaders, as they sit around the negotiating tables this
year, should remember that profit makers, no less than
they, are likewise worthy of their hire.

In considering new tax legislation, it’s up to Con-
gress to keep constantly in mind that a prosperous
business community is absolutely essential to the de-
fense of freedom, to the maintenance of high employ-
ment, even to the revenues that pay Congressional
salaries. The present tax load works against having
this prosperous kind of business community.

Of course, business too has an obligation to keep
profits from falling to an ineffective remnant. One of
the best ways it can discharge this obligation fs by
continuing its research efforts, by developing new
products and new cost-cutting ways to make them as
well as their present products and services.

The prevailing profits squeeze is a matter of
vital concern to every American. We all have a
stake in seeing that steps are taken — in the
offices of business management, in halls of Con-
gress where tax laws are made and revised, and
at the bargaining tables where agreements on
wage rates are made — to see that this squeeze
is relaxed.

This message was prepared by my staff asso-
ciates as part of our company-wide effort to re-
port on major new developments in American
business and industry. Permission is freely ex-
tended to newspapers, groups or individuals to
quote or reprint all or part of the text.

PRESIDENT
McGRAW-HILL PUBLISHING COMPANY




NEW PRODUCTS

DESIGN AND APPLICATION
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Clock Compensated Oscillator

AMPL

OUTPUT

/COUNTER

2[s|ofo
MOTOR
. 1/432 RPM
CHOSEN
GEARS

1 MC WITH STABILITY OF 1 PART IN 10°

RECENTLY announced by Manson
Laboratories Inc., 375 Fairfield
Ave., Stamford, Conn., is the model
RD 144A-010 clock-driven transis-
torized oscillator that generates a
1 Mec signal adjustable within 4 cps,
having a drift rate less than 1 part
in 10° per week after initial aging
period. The tuning capacitor of the
oven-controlled crystal oscillator is
connected (see sketch) through a
gear train having a fixed reduction
of 1/6,000, and a set of chosen gears
to a motor having 1/432 rpm. The
chosen gears are selected after an
examination of the crystal aging
characteristics and a proper set

Axial Field Gaussmeter
FOR THREE DIMENSIONS

MANUFACTURED by Rawson Electri-
cal Instrument Co., Inc., 110 Potter
St., Cambridge 42, Mass., is the
type 729 gaussmeter capable of
measuring a magnetic field in three
dimensions. Having a probe diam-
eter of 1 in. and a length of ap-

are picked. As the clock motor and
fixed gear train operate, the tuning
capacitor is varied at 5.5 x 10
revolutions per day or 0.2 degree.
The tuning capacitor has a travel
range of 150 degrees and can vary
frequency by 3 cps. A change of 0.2
degree per day equals frequency
change of 4 parts in 10° per day
(assuming chosen gear ratio of
1:1). As the unit operates, a front-
panel digital counter indicates the
amount of compensating capaci-
tance remaining. No other adjust-
ment is required for a minimum
period of one year.
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proximately 20 inches, ranges are
0.4, 1.2, 4, 12, 40 and 120 kilogauss.
Accuracy is 1-percent of full scale.
The device has a second coil (see
sketch) rotating at right angles to
usual coil and sensitive only to
fields along the axis. The two coils
are matched in sensitivity and
either can be used with the indicat-
ing meter. A field in any direction
can be measured by combining the
measurements of the two coils. Us-
ing the transverse coil, the tran-
verse field is located in direction
by rotating the probe on its axis
until a maximum reading is ob-
tained. An arrow on the case indi-
cates direction and the meter indi-

cates intensity. Switching to the
axial coil then gives a reading
showing component of field along
axis. Rotation of probe around axis
does not vary reading of axial coil.
Vector sum can be computed to give
total field. All three mutually-per-
pendicular components can be meas-
ured separately if preferred. Meas-
urements can be made of magnetic
fields of solenoids, focussing coils
and magnets for ion or electron
beams.
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TEMP. MEASURE

THERMOCOUPLE
/ ERROR
FREE
le OUTPUT
“— CONSTANI
coLD CURRENT
JUNCTION CELL
THERMOCOUPLES

Thermocouple Reference
PASSIVE SELF POWERED

ANNOUNCED by Consolidated Ohmic
Devices, Inc., New Hyde Park, New
York, is the model EZT205 self-
powered passive state thermocouple
reference junction with 0.5 degree
accuracy. The 25 gram weight de-
vice contains its own power source
and can be supplied between —200
F and +500 F reference tempera-
ture. It may be used with chromel/
alumel, copper/constantin and iron/
constantin thermocouples as well as
other thermocouple metals. Multiple
installations may be achieved with
infinite inter-channel resolution.
Cold junction compensation (see
sketch) is achieved by introducing
an emf equal and opposite to the
error emf produced by the cold
junction thermocouples. Zero error
is achieved by producing an emf
across R, whose reciprocal equality
to the cold junction thermocouple

electronics



(29 MICROWAVE SIGNAL
GENERATORS ., ...

We proudly introduce a series of
four Microwave Signal Genera-
tors covering the frequency
range from 900 to 11,000 mega-
cycles. These instruments, de-
signed and manufactured with
_ N : characteristic Empire know-how,
wesacriss . were created with the user in
’ ' mind.

We believe you will appreciate
their noteworthy features......

® A high degree of frequency linearity permits digi-
tal frequency display with 0.5% accuracy.

@ Functional design simplifies operation, reduces @ All models provide internal and external pulse
operator errors and cuts test time. modulation and linear frequency modulation, as

@ Uniformity of control and meter layout among the well as Internal square wave modulation.

four models simplifies operator training and re- @ Special non-contacting short in klystron cavity
duces human operating errors. eliminates contact noise, provides long operating

@ Thoroughly ruggedized to withstand field environ- lite; #pdievemse g ngh Segres of reliability.

ment, as well as continuous plant and laboratory = @® Modified linear sawtooth sweep enhances scope
use. presentation.

But this is only part of the story. There are, in addition, many
other design details which, while individually not spectacular, con-
tribute to the overall ease of operation, the versatility and reli-
ability of these instruments.

Interested? Please send for our Engineering Data Sheet.

ol EMPIRE DEVICES, Inc.

AMSTERDAM, NEW YORK ° VICTOR 2-8400

NOISE & FIELD INTENSITY METERS « SIGNAL GENERATORS - IMPULSE GENERATORS « POWER DENSITY METERS
MODULATION METERS « COAXIAL ATTENUATORS & TERMINATIONS « CRYSTAL MIXERS « MICROWAVE COMPONENTS
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~ ARSENC
~ CADMIUM

~ STANDARD FORMS

HIGH PURITY
METALS
ELECTRONIC
MATERIALS

METALS AND ALLOYS
CALUMINUM  ANTIMONY
“BISMUTH
~ GOLD
LEAD
1IN

~INDIUM

SILVER  TIN

High purity alloys are made
from these metals to customer =
specifications. '

SHEET
SHOT
POWDER
WIRE

INGOTS
BARS
RODS

RIBBON

PREFORMS

Preforms are available in a range
of sizes and shapes such as
discs, dots, washers, squares
and spheres. Enquiries are
invited on our alloy preforms.

COMPOUND
SEMICONDUCTORS
INDIUM ANTIMONIDE

Available as crystals, wafers,
circles, rings and other shapes
made to precise tolerances.

CHEMICALS
SALTS SOLUTIONS

COMINCO
PRODUCTS INC.

Electronic Materials Department
933 West Third Avenue
Spokane, Washington
Ph. RI 7-7103  TWX: SP 311
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emf is maintained over an expanded
temperature range. Exacting selec-
tion and temperature compensation
of the constant-current source as
well as unique alloy combinations
for R, permits near perfect compen-
sation for a wide variety of thermo-
couples. The resultant output volt-
age of the system is exactly equal
to that generated by the thermo-
couple measurement junction.
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LASER
LOCAL MICRO-
0sc DIODE WAVE
LASER — REC.
SIGNAL
FREQ BIAS MICROWAVE

SIGNAL FREQ.

Photomixer Diode
DEMODULATES LASERS

MANUFACTURED by Philco Corpora-
tion, Church Road, Lansdale, Pa.,
the L-4500 silicon planar epitaxial
diode is used to detect difference
frequency between two closely-
gpaced optical laser frequencies. It
provides high quantum efficiency
and operates with bandwidths up to
5 Ge. In detecting wideband trans-
mission from a laser, the mixing
process is analogous to conventional
superheterodynes. Unlike conven-
tional erystal mixers, this device
need not respond electrically to
either a signal or a local oscillator
frequency, merely to the difference
frequency. At 7,000 A, quantum
efficiency is estimated to be typi-
cally 85 percent. It is packaged in
a coaxial microwave housing simi-
lar to conventional K-band mixer
crystals. Direct coupling to a 50-
ohm line is provided as the unit is
also mounted in a BNC UGR88/U
coupler.
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Heavy Duty Handset
FOR MILITARY USE

ROANWELL CORP., 180 Varick St.,
New York 14, N. Y. Model RH-169

(38) heavy duty, naval/military
communications handset, is de-
signed to operate with a high level
of intelligibility in high ambient
noise level areas. The microphone
effectively cancels unwanted sound
by directing ambient noise to sound
chambers on both sides of the dia-
phragm. Recommended load is 30
ohms. Frequency range is 300 cps
to 5,000 cps and sensitivity is 35 db
ref: 1 mv at 1,000 cps with sound
pressure of 28 dynes/cm® applied.
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Tetrode
PULSE MODULATOR

CALVERT ELECTRONICS, INC., 220 E.
23rd St., New York 10, N. Y. The
4PR60WB/C1149 pulse modulator
tetrode features a reinforced grid/
cathode structure that gives it
extra reliability and long life char-
acteristics under conditions of ex-
treme vibration and mechanical
stress.
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Pulse Oscillator
HIGH POWER

TRAK MICROWAVE Tampa,

CORP.,
Fla. Type 2971 pulse oscillator has

these typical characteristics: fre-
quency, 1600 Mc; peak power, 5 Kw
nominal; duty cyecle, 0.0033 max;
weight 12 oz and size 2.0 in. in di-
ameter by 6 in. long. Required op-
erating voltages and currents: peak
cathode voltage 3,500 (negative),
peak plate current 5 amp max,
heater voltage 6.3 v a-¢c or d-c and
heater current 1.3 amp.
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Audio Oscillator

BARKER & WILLIAMSON, Bristol, Pa.
Model 210 provides a sine wave sig-
nal from 10 cps to 100 Kc; output
level within =1 db when working
into 600 ohms (reference 5 Kc);
power output, variable to above 150

electronics



“All systems are go . . . reading you loud and clear!”

Your Project: America's Voice from Space

Your Company: Collins, whose equipment transmitted the voices of Alan Shepherd, Gus Grissom, and John
Glenn, from space. Collins designs, develops, and produces systems essential to every phase of manned space
capsules. Prelaunch...launch... flight... re-entry. .. recovery. Collins is the link between earth and space
in both human and electrical language.

Your Opportunity: Collins is working on a variety of long-range space projects which provide openings for
qualified E.E’s, M.E’s, mathematicians, and physicists for development of space communication systems.
Specialists are required with design experience in HF, VHF and UHF equipment, digital communications,
spacecraft antennas, television, radar, modulation techniques, tracking and ranging, information theory, and
ground systems. If you are interested in the challenge of a career with Collins, contact L. R. Nuss, Collins
Radio Company, Cedar Rapids, Iowa.

an equal opportunity employer
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Now! from Weldmatic—
PUSHBUTTON WELDING

DEMAND ANY OF 6 PRECISE PRESET HEATS
AT THE PUSH OF A BUTTON.

With a Weldmatic Model 1059B — 1068 you can get
a variety of precisely repeatable heat settings with
push-button ease and speed. It’s the positive way to
increase production efficiency, minimize operator
decision and error, cut rejects and waste.

Highest accuracy, too. Weldmatic Model 1059B
Power Supply (voltage regulated) has a dual energy
range of 45 and 9 watt-seconds. Model 1068 Weld
Energy Selector mounts on top, plugs directly in,
and becomes an integral part of the power supply.
Operator selects one of five available weld energy
settings (a sixth is obtained by depressing M Button
for return to power supply) in either of the two
ranges, as predetermined by the weld schedule.
Button illuminates to indicate activated heat
setting. Concealed heat adjustment panel (shown
at left) minimizes inadvertent setting changes.
Can be used with one or two welding heads. Ask
your Weldmate representative or write to the
Weldmatic Division/Unitek, 950 Royal Oaks Drive,
Monrovia, California.

WELDMATIC DIVISION / UNITEK
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mw ; hum and noise, —70 db at 5 v
output; distortion, less than 0.2 per-
cent at 5 v output from 50 to 20,-
000 cps.

CIRCLE 308 ON READER SERVICE CARD

Ceramic Capacitors
FOR H-F SERVICE

HI-Q DIV., Aerovox Corp., Olean,
N. Y. Aerocup small, light weight,
ceramic capacitors are useful in
such applications as transmitters,
ultrasonic equipment, electronic
welding machines, ovens and indue-
tion heating devices. Values range
from 2 to 1,000 uuf, depending on
type, with standard tolerances as
low as =5 percent. Capacitors also
have a low power factor—ranging
from 0.05 percent to 0.1 percent,
max.
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Power Supply Modules
SMALL SIZE, LOW COST

PRODUCTION ELECTRONICS INC., 525
Lehigh Ave., Union, N. J. Model
DCV-121 is designed to provide
regulated d-c output from unregu-
lated d-c¢ input. Entire circuit is on
a p-c board provided with threaded
standoffs for mounting. The ACV-
121 uses the same regulating circuit
as the DCV-121 and has its own
built-in power transformer, recti-
fier and filter to provide operation
directly from the a-c power line. An
auxiliary a-c output of 6.3 v at 2.0
amp is provided. Both units have

electronics



Is it ancient history

by the time you see

electronics?

Get the facts while they’re new. Don't
wait for electronics on a route slip.
Look in this issue for the Reader Service
Card. Fill out and mail the ‘'for subscrip-
tions’’ section. Only 715 cents a week.

electronics
A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36
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Scientific Advisory Staff
Advanced Planning

Range Instrumentation
Planning & Systems
Design

Program Management
Operations

Facilities Planning
Facilities Engineering

Employment opportunities with

PA N AN
af Cape Canaveral

Pan American, as prime contractor to the U.S. Air Force, has
fulfilled the responsibility for planning, engineering, operating
and maintaining Cape Canaveral and the Atlantic Missile Range
since 1953.

Pan American scientists and engineers have participated
intimately in all stages of the national programs since early
V-2 tests through Project Mercury's series of manned space flights.

With Pan American, technically respected people have freedom
to choose career positions with unlimited opportunities for pro —
fessional development.

In addition to normal company benefits, Pan Am offers the
vnique advantage of a 90% world-wide air-travel discount.

You are invited to send your resume in confidence to David
H. Bruner, Personnel Manager, Guided Missiles Range Division,
Pan American World Airways, Inc., P.O. Box 4336, Patrick
Air Force Base, Florida.

An Equal Opportunity Employer.

GUIDED MISSILES RANGE DIVISION
i

]
ean Al
N>

<

S
St
T

CAPE CANAVERAL, FLORIDA

23



Look in on 7 channels of

Inside this new, 7T-channel, VR-3600 Magnetic Tape Recorder/Repro-
ducer by CEC is circuitry that meets the toughest of spees—and
simultaneously records predetected and postdetected data. A com-
pletely integrated system, its skew is under =+-0.30 psec; intermodu-
lation distortion, under 0.75% ; flutter, less than 0.109; at 120 ips.
And a 1.0 psec. phase response on the low pass channels permits
faithful reproduction of transient information. It has 4 predetection
and 3 postdetection channels and 3 operating speeds (30 to 120 ips.,
The VR-3600 is packaged in this single cabinet, thanks to compact
styling and use of solid-state electronics — pl’ug-in record and repro-
duce amplifiers with printed circuit epoxy boards. Tape transport

and electronics are placed to insure maximum operator efficiency.»—
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typical regulation of 0.02 percent
for both line and load variation.
CIRCLE 310 ON READER SERVICE CARD

Compact Relay

GENERAL PURPOSE

WHEELOCK SIGNALS, INC., Long
Branch, N. J., offers a long life, 4
pdt relay. Contacts conservatively
rated at 15 amp, 115 v a-c are sep-
arated by molded Melmac arc barri-
ers for increased switching reliabil-
ity. Fast, one plane wiring is
achieved through #she use of new
crimp-solder terminals.
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Trimmer Pot
RECTILINEAR

ATOHM ELECTRONICS, 7648 San Fer-
nando Rd.,-Sun Valley, Calif. Model
225 is a mil-quality, rectilinear
trimmer pot with p-c lugs and meas-
uring less than 1 in. overall. Resist-
ance range is 10 ohms through
100,000 obhms with =5 .percent tol-
erance, -and ‘power rating is 2 w af
70 C. Operating temperature range
is —65 C ta +200 C. End resistance
is 0.25 percent or 1 ohim, whichever
is greater. Case is 'sealed against
humidity.
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Amplifier
FOR GALVANOMETERS

VIDAR CORP., 2296 Mora Drive,
Mountain View, Calif. A high-level

electronics



d-c amplifier, model 410, is designed
to drive galvanometers and other
low impedance loads requiring high
current output. Input impedance is
greater than 1 megohm; output im-
pedance, less than 1 ohm. Output is
+10 v at =100 ma. Gain is con-
tinuously adjustable from 1 to 20,
plus four calibrated settings. Re-
sponse is flat within =2 percent, d-c
to 10 Ke.
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Down Converter

INTERNATIONAL MICROWAVE CORP., 1
Seneca Place, Greenwich, Conn.
Microwave down converters, oper-
ating in the 2 to 12 Ge range, meas-
ure 8 cu in., include a transistor i-f
preamplifier with 34 db gain and
100 Mc bandwidth.
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TR Tube
100 KW PEAK POWER

METCOM INC., Salem, Mass. The
MST-38 is a crystal protector TR
tube for use in high pressure sys-
tems. It has a peak power of 100
Kw; has a frequency range of
2,625-2,925 Mec, and can be used in
systems pressurized up to 50 psig.
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Crystals
HIGH VIBRATION

MONITOR PRODUCTS CO., INC., 815
Fremont Ave., South Pasadena,
Calif., announces the MC-V series
in frequency ranges from 4 Kc to
100 Me. Vibration is 30 g at 20 to
3,000 cps. Shock is 100 g. Fre-
quency tolerance over temperature
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pre/post detection telemetry

Mode and speed selector controls are back-lighted and clearly marked

.and you can load and unload reels standing up. ® Designed with
an eye on telemetry ground stations (tracking stations i‘ﬂ(:I%Me,wU,
VR-3600 is right at home in a laboratory type environment. ® Want
more information — besides this...and that on the left hand page?
Your CEC sales and service oft vill be j_':: d to furnish it, Just call.
Or, write for Bulletin CEC 3600-X6.

CEC

Data Recorders Division

CONSOLIDATED ELECTRODYNAMICS

PASADENA, CALIFORNIA e A SUBSIDIARY OF BELL & HOWELL
CIRCLE 95 ON READER SERVICE CARD 95



BALLANTINE VOLTM ETER
model

305A

Price $415.

MEASURES

PEAK

OR PEAK-TO-PEAK PULSES
AS SHORT AS 0.5 pis

... at pulse rates as low as 5 pps...voltages
of 1 mV to 1000 V

Also measures COMPLEX WAVEFORMS having fundamental
of 5 cps to 500 kc with harmonics to 2 Mc.

ACCURACY is 2% to 5% OF INDICATED VOLTAGE, de-
pending upon waveform and frequency.

SCALE is the usual Ballantine log-voltage and linear db, indi-
vidually hand-calibrated for optimum precision.

INPUT IMPEDANCE is 2 meg, shunted by 10 pF to 25 pF.

Werite for brochure giving many more details

@1 BALLANTINE TABORATORIES

Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR

AMPLITUDE, FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC/DC AND DC/AG

INVERTERS, CALIBRATORS. CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSQRIES.
ASK ABOUT QUR LABORATORY VOLTAGE STANDARDS TO 1,000 MC,
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range of —55 C to +105 C to
+(0.003 percent depending on fre-
quency. Frequency tolerance under
vibration is not more than 5 parts
per million. Prices from $9 to $55
each in small quantities.
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Tape Punch
SEMIAUTOMATIC

JONATHAN ELECTRONICS CORP., 1151
E. Ash St., Fullerton, Calif. Al-
though a single-column punch,
model J-3000 performs the func-
tions of more expensive block punch
units through the use of a system
of panel thumbwheel switches which
position a set of memory cams.
These cams program the punching
logic to the correct hole pattern for
each block of data, while returning
the panel switches to the zero posi-
tion. Unit has a standard capacity
of 117 bits per block.
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Industrial Laminate

GENERAL ELECTRIC C0., Coshocton,
0. Low-cost warm-to-hot punching
grade of Textolite industrial lami-
nate, grade 11602, is available. The
paper base phenolic laminate is a
NEMA grade XP and is rated Class
A for insulation purposes.
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Pulse Transformers
MINIATURIZED

TECHNITROL INC., 1952 E. Allegheny
Ave., Philadelphia 34, Pa. Genie
pulse transformers have a rectang-

electronics



ular shape, 0.650 by 0.425 by 0.350
in., which results in a minimum
waste of space between components.
Even when a transformer is
mounted flush against a p-c board,
the leads are exposed on both sides
of the board for convenient testing.
The exposed leads also permit
solder flux to be easily flushed away.
Lead clearance eliminates the need
for tight tolerances on hole spacing.
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Decode Unit
ELECTROMECHANICAL

INDUSTRIAL ELECTRONIC ENGINEERS,
INC., 5528 Vineland Ave., N. Holly-
wood, Calif. Low-cost electrome-
chanical decoder can be driven
directly by transistor circuitry. Re-
quiring only 40 mw per bit with a 4
w set pulse, the Bina-Dec decoder
will accept any 4-bit code. The 50-w
output contact capacity can be used
without amplification to drive read-
outs, indicator tubes, printers, key
punches and other equipment re-
quiring decimal output.
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Four-Layer PNPN SCR
70-AMPERE

WESTINGHOUSE SEMICONDUCTOR DIV.,
Youngwood, Pa., offers a 70-amp
Rock-Top Trinistor controlled-recti-
fier line with forward blocking volt-
age to 400 v and prv to 480 v. The
ser features a turnoff time of 10 to

June 1, 1962

APPLICATION ENGINEERING NOTE
FROM ALADDIN ELECTRONICS

: Aladdin
94-1331

S

QUTPUT:

Amplitude: 6 volts = 10%
300 Pulse Width: 1.0 usec * 20%

Rise Time: 40 nsec mox.

2N 697
1.5K

. Amplitude:  + 6 volis
. Pulse Width: 0,80 usec 470
Rise Time: 0.20 usec

Rep. Rate: 300 éc max.,

IN 278

- for 40 nanoseconds rise time
Shown above is a common base transistor blocking oscillator using
the popular 2N697 transistor. This circuit offers a rise time of 40

nanoseconds maximum as well as a duty cycle of 30%.

-

Aladdin
02-984

O
a0

rei sy
! | w ] outeur,
J—_]_ [ ; ; Amplitude: 700 volts MIN
- i T Pulse Width: 1.0 psec * 20%
INPUT: 9 i ! ! B < Ries Time: 0.4 usec mox.
Amplitude: + 40 volts 0.1 f . 4 14!
Pulse Width: 3.5 usec i ')
Rise Time: 50 nsec 1

for 700 volt amplitude

A look at the output characteristics of the circuit above
indicates it will produce a one microsecond wide pulse with
an amplitude of at least 700 volts. Ideal for circuits where
high voltage is needed and the current drain is low—e.g.,
igniting a thyratron.

Using other transistors or transformers in the circuits
shown above, it is possible to get many combinations of
performance characteristics. For information to assist you
in the design of circuits involving pulse transformers, wide band
coupling transformers or inductors, write for your free
copy of our “‘Product Directory’’

Write Department 2-E

o ®

electronics

““Where the Magic of Magnetics is a Science’’
A Division of Aladdin Industries, Inc., Nashville 10, Tennessee
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VALUE ENGINEERED

SHADOW CABINET

Both front and rear panels as well as hottom
may be removed for installation or servicing
purposes, Unusually attractive appearance is
created by recessing the front panel as well
as by beveling the front. The recessed front
panel prevents accidental movement of con-
trols attached to it. The two piece body is
made of 18 gauge steel and the panels of 16
gauge steel. Four sizes available. Finished
in light gray hammertone.

CONTOUR UTILITY CABINET

A very practical housing with symmetry and
strength. The rounded contour corners as
well as the flanged panels combine to pre-
serve the eye-catching design. All parts are
fabricated from 20 gauge steel to provide
strength and rigidity. Both front and rear
panels are removahle. Six sizes available.
The body is finished in smooth dark gray
enamel and the panels in light gray enamel.

See these and other Bud Housings at your local Authorized Bud Distributor.
Inspect them for engineering and fabrication features that save you money.
Catalog available upon req 5

BUD RADIO, INC.

CLEVELAND 3, OHIO

CIRCLE 205 ON READER SERVICE CARD

RUGGEDIZED LOW
FREQUENCY
CRYSTALS
1 ke
to

250 ke

Bliley BH9 Series

offers choice of
standard Mil Specs. and
low resistance/ruggedized
types. Bulletin 501 provides
complete specifications.

.. if you buy quality

BLILEY ELECTRIC COMPANY / ERIE, PENNSYLVANIA
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20 psec. Turn-on time is 0.6 to 3.0
wsec and max d-c current is 110 amp.
Typical applications include high-
power inverters, light dimmers,
motor control, magnetic amplifier
replacement, ignitron firing, fre-
quency changers and d-c power
regulators.

CIRCLE 321 ON READER SERVICE CARD

Calorimeters
USED AT 26-140 GC

TRG, INC., 400 Border St., East Bos-
ton, Mass. Line of calorimeters,
useful over the entire 26 to 140 Ge
band, have a power range of 10~ to
0.5 w, and a vswr of 1.3 max. Sta-
bilization time is 10 sec, accuracy
is 5 percent (5 to 500 mv), water
flow rate is approximately 2 cc per
min, and power is supplied by inter-
nal batteries. Units provide rapid,
accurate and relatively inexpensive
measurement of millimeter power.
CIRCLE 322 ON READER SERVICE CARD

A-C/D-C Converter
SOLID STATE, LOW COST

CALIBRATION STANDARDS CORP., 1031
Westminster Ave., Alhambra,
Calif. Designed to extend the opera-
tion of existing d-c precision and
digital voltmeters to have a-c meas-
uring capabilities, the model
C-100A is also used in electronic
systems where an a-c signal must
be converted to d-c prior to control,
computing or measuring. Instru-
ments feature a frequency range of
30 cps to 10 Ke with accuracy of
0.15 percent. Voltage ranges, 0.5 to

electronics



DON'T

for connectors or
components

Even with a bloodhound you can't beat
the ease of POWELL'S catalog 62 when
looking for the exact connector or
component you need.

POWELL'S catalog 62 is the only cata-
logtohave BENDIX PYGMY and WIN-
CHESTER ELECTRONICS, INC. con-
nectors completely listed, illustrated
and priced. -

POWELL'S catalog 62 also contains
design and dimensional data, as well
as prices, of DAGE — MICRODOT—
ELCO — RAYTHEON — SEALECTRO
— and 13 other major component
manufacturers.

Powell Electronics, Inc., an authorized
stocking distributor for the 20 manu-
facturers “in catalog 62, offers this
unique reference manual as evidence
of our stock and our effort toward ever
improving service.

Write today
for your
FREE copy

I N C O R R T
P.0. BOX 8765 e PHILADELPHIA 1e PA
SAratoga 4-1900 « TWX PH45
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ELEcTRorucs‘

10, 10 to 100 and 100 to 1,000 v a-c.
Voltage linearity is better than 0.02
percent typical; frequency linear-
ity, better than 0.05 percent typical.

CIRCLE 323 ON READER SERVICE CARD

Semiconductor Tester
VERSATILE UNIT

MINNEAPOLIS SCIENTIFIC CONTROLS
CORP., 9330 James Ave. S., Minne-
apolis 20, Minn. Model ST101 tests
d-¢ characteristics of transistors,
diodes and rectifiers. It features 25
amp current capability and sime
plicity of operation. Used for either
production or laboratory testing,
the unit’s output power range is up
to 150 w. Three meters are mounted
in the face plate and give readings
for base current, main current and
voltage.

CIRCLE 324 ON READER SERVICE CARD

Digital Attenuator
PRECISION UNIT

NARDA MICROWAVE CORP., Plainview,
L. I, N. Y. Model 3711 coaxial
coupler-attenuator features an ac-
curate digital counter. The high
power unit exhibits an extremely
low vswr (1.1 above 15 db) and
covers the octave frequency range
from 500 to 1,000 Mec. For any set-
ting above 20 db, relative accuracy
is 0.1 db within any 10 db range
and 0.3 db max up to 70 db range.
Absolute accuracy is 1 db anywhere
in the attenuation or frequency
range.

CIRCLE 325 ON READER SERVICE CARD

ML

ONDUCTOR
EOTER

Accurately tests diodes,
rectifiers and transistors

e Measures Beta, Icgo, leBo,
Iceo, lces and lecs as well as all
bias voltages and currents of
transistors, diodes, and rectifi-
erse Base current, collector and
leakage voltages are all continu-
ously variablee Panel designa-
tions show proper terminal
connections to semi-conductor
e Self contained power supplies
e A three-position test switch
automatically provides the prop-
er voltage and current polarities
and illuminates polarity ‘“‘Re-
minder”’ indicator.
POWER RANGE. ... microwatts to 150 watts
CURRENT RANGE .microamps to 25 amps
UNIT PRICE.. SRR .$745
For prompt mformauan and detatled
specifications...call or write

MINNEAPOLIS
SCIENTIFIC
CONTROLS

9330 James Ave. S.*Minneapolis 20, Minn.» TU 8-4671
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102

-~ power writer

e name implies ‘the UA-300 Power Writer is a power writing tool.

cil ictivated tool for inscribing, coding, labeling or

ch as hard and soft metals, plastics,
ss, the tool produces readable marks
ressure of 40 to 100 psi. No valves or -

an 8 ft. air hose. Anyone

rite on ine_tal’ or other hard

CIRCLE 102 ON READER SERVICE CARD

PRODUCT BRIEFS

WELDING MACHINE 6,000 F torch
flame. Henes Mfg. Co., 1336 N.
21st Ave., Phoenix, Ariz. (326)

ASYMPTOTIC CALORIMETER 10 mv
full scale output. Hy-Cal Engineer-
ing, 12105 LosNietos Road, Santa
Fe Springs, Calif. (327)

SOLID-STATE DIGITAL CLOCK features
flexibility. Ransom Research Div,,
Wyle Laboratories, San Pedro,
Calif. (328)

TAPE RECORDER BRAKE in one com-
plete assembly. Magnasyne Corp.,
5546 Satsuma Ave., N. Hollywood,
Calif. (329)

CLUTCH-POTENTIOMETER size 9, low
cost. FAE Instrument Corp., 16
Norden Lane, Huntington Sta.,
N.Y. (330)

LASER POWER SOURCE and energy
storage bank. Electro Powerpacs,
Inc., 5 Hadley St., Cambridge 40,
Mass. (331)

FREQUENCY-PHASE LOCK CONTROL
SYSTEM with 100 percent accuracy.
Sequential Electronic Systems, Inc.,
66 Saw Mill River Road, Elmsford,
N. Y. (332)

A-M RECEIVER 2.0 to 30.0 Mc range.
Advanced Communications, Inc.,
7225 Alabama Ave., Canoga Park,
Calif. (333)

DECADE INDUCTOR direct digital
readout. Arnold Magnetics Corp.,
6050 W. Jefferson Blvd.,, Los
Angeles, Calif. (334)

VARACTOR MOUNT high heat dissipa-
tion. Microwave Associates, Inc.,
Burlington, Mass. (335)

DIGITAL FREQUENCY METER 300 Kec.
Racal Electronics Ltd., Bracknell,
Berkshire, England. (336)

RELAYS dry reed contacts. Hatha-
way Instruments, Inc., 5800 E.
Jewell Ave., Denver, Col. (337)

FIELD EFFECT TRANSISTOR diffused
silicon. Amelco, Inc., 341 Moffett
Blvd., Mtn. View, Calif. (338)

COMPUTER SUPPLY multiple output.
Atlas Controls, Inc., 9 Erie Drive,
Natick, Mass. (339)

HALL EFFECT MULTIPLIER single unit
priced at $50. Helipot Div. of Beck-

electronics



WELCH No. 1377A

Ultra High Vacuum
Pumping System

140 Liters
per Second

WITH CONSTANT SPEED
OVER WIDE PRESSURE RANGE

The new Welch 1377A Turbo -Molec-
ular Pumping System produces an
ultimate vacuum of 1 x 10 mm Hg
(Torr) and better; constant speed of
140 liters per second, over a range of
1x 102 to 1 x 108 mm Hg (Torr).

Ultimate Vacuum
1x10° mm Hg (Torr)

The clean, vapor-free Turbo-Molecular
Pump is combined with the well known
Welch Duo-Seal 1397 two-stage
mechanical pump, providing a com-
pletely assembled and tested pump-
ing system, ready for use.

Advance design of the Turbo-
Molecular Pump permits the use of
an air slit ten times the size of pre-
vious designs and greatly reduces
risk of damage by impact, heat
expansion and dirt particles.

TYPICAL USES:

e Evacuation of power tubes and X-ray
tubes.

® Solid state research.
o Semi conductor production,

@ Thin film metallizing.

@ Purification of metals.

o Optic coating.

The Welch 1377A is particularly useful
in processes involving separation of
materials or isotopes with
different molecular

weights, as in particle
acceleration work.

Send for Bulletin 1377A
TODAY!

%THE WELCH SCIENTIFIC COMPANY
foremost manufacturers of scientific equipment |

1507N. Sedgwick Street, Chicago 10, Illinois
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man Instruments, Inc., 2500 Harbor
Blvd., Fullerton, Calif. (340)

GALVANOMETER AMPLIFIER solid
state. Vidar Corp., 2296 Mora
Drive, Mtn. View, Calif. (341)

SEQUENCE TIMER battery powered.
Geodyne Corp., 180 Bear Hill Road,
Waltham 54, Mass. (342)

FAULT-RECORDING SYSTEM auto-
matic. Western Electrodynamics,
P.0. Box 98, Colorado Springs,
Colo. (343)

PRECISION POTENTIOMETER low-
priced Micropot. Borg Equipment
Div., Amphenol-Borg Electronics
Corp., Janesville, Wisc. (344)

COMPACTRON TUBES 12-pin. Tung-
Sol Electric Inc., 1 Summer Ave.,
Newark 4, N. J. (345)

EVENT RECORDING SYSTEM 120-chan-
nel. Sanborn Co., 175 Wyman St.,
Waltham 54, Mass. (346)

TRANSFORMERS used at 300 cps to
30 Mec. Aladdin Electronies, Nash-
ville 10, Tenn. (347)

SILICON RADIATION DETECTORS for al-
pha particle detection. Ferranti
Electric Inc., Industrial Park No.
1, Plainview, L. I, N. Y. (348)

CLIMATE CONTROL CABINET compact
unit. Dexon Inec., 3517 Raleigh,
Minneapolis 16, Minn. (349)

THERMISTOR PROBE fast acting. Fen-
wal Electronics, 63 Fountain St.,
Framingham, Mass. (350)

INDUCTORS subminiature. Vanguard
Electronics Co., 3384 Motor Ave.,
Los Angeles 34, Calif. (351)

NPN CHOPPER TRANSISTORS silicon
planar/epitaxial. Advanced Micro
Electronics, 99 Bald Hill Road,
Cranston 10, R. I. (352)

SIGNAL GENERATOR transistorized.
Consolidated Cybernetics Controls,
P. O. Box 67, Station H. Montreal
25, P. Q., Canada. (353)

1-MC OSCILLATOR high stability.
Hewlett-Packard Co., 1501 Page
Mill Road, Palo Alto, Calif. (354)

POT PRESSURE TRANSDUCER carbon-
film resistive element. Computer
Instruments Corp., 92 Madison
Ave., Hempstead, N. Y. (355)

I
—

NEW BROAD BAND

MULT-
GOUPLER

Isolates and amplifies up
to 8 selectable signal outputs
in a frequency range from
.04 to 40 mcs from one antenna

This solid state multi-coupler
was designed for use in high
frequency direction-finding or
communications systems and
in video distribution applica-
tion where it is desired to
operate two or more receivers
from a single antenna. Ampli-
fication is 184+ 2 db with a
noise figure of less than 6 db.
‘Distortion is minimized
through use of linear transis-
torized circuitry design. Unit
price $675.

For prompt information and
quantity prices, call or write

MINNEAPOLIS
SCIENTIFIC
CONTROLS

9330 James Ave. S.eMinneapolis 20, Minn. « TU 8-2671
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Maximum crystal width
with earlier

design furnaces

Silicon crystal up

to 158" in diameter

and 10" long

obtainable with

new Model 2804

1007

PRODUCTION
= INCREASE
with the new NRC CRYSTAL GROWING FURNACE

The new NRC Model 2804 is a “Czochralski method™ crystal furnace
primarily designed for making single crystal ingots of silicon for semi-
conductor devices. However, it is easily adaptable for use with germanium
and intermetallic compounds with reliability and consistently high quality.

Because the Czochralski method of growing single crystals is a critical

process, it needs quality equipment with proven mechanical, thermo-

dynamic and control features. Only from NRC can you buy a quality

crystal growing unit with a proven record for high production and more

profit. Buy the NRC Model 2804 with complete assurance that you can

increase your production rate 100% and own the best equipment of its

type available today.

UNIQUE FEATURES OF THE MODEL 2804

e Proven design for performance and
reliability

e Inert gas or vacuum operation

e Precise temperature control

e Versatility of use

e Vibrationless mechanical motion-control

e Greater productivity and higher efficiency

Write today for a data sheet on the NRC
Model 2804 Crystal Growing Furnace.

EQUIPMENT
CORPORATION

A Subsidiary of Natlonal Research Corp.

160 Charlemont Street, Dept. 4F
Newton 61, Massachusetts
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Literature
of the Week

SWITCHES Centralab, 900 E. Keefe
Ave., Milwaukee 1, Wisconsin. A 43
page catalog and reference bulletin
covers rotary, slide and lever
switches. Available via a card in
this catalog is a switch visualizer
made of translucent plastic (see
photo) which represents a 12-posi-
tion rotary switech section. The
plastic can be drawn on and erased
repeatedly. The main square card
represents the stator while the
rotor can be revolved to simulate
actual switch action. Using the
rotor and stator connections for the
switch in question, the visualizer
readily and conveniently finalizes
switch section design before refer-
ring to and filling in the switch
specification sheet. A series of
switch specification sheets are also
available. These sheets, used in
conjunction with the switch visual-
izer, list and illustrate design par-
ameters of switch type under con-
sideration and can be used as
master drawings. (356)

AEROSPACE  GROUND  EQUIPMENT
Arma Div., American Bosch Arma
Corp., Garden City, N. Y., has is-
sued a brochure describing its ca-
pabilities in development and
production of aerospace ground
equipment. (357)

MEMORY SYSTEMS Indiana Gen-
eral Corp., Electronics Div., Keas-
bey, N. J., has published a 6-page
“Applications Guide to Magnetic
Core Memory Systems.” (358)

MAGNETIC AMPLIFIERS Military &
Computer Electronics Corp., 900
N.E. 13th St., Ft. Lauderdale, Fla.,
offers a data sheet kit on its Ulta-
mag harmonic type solid state mag-
netic amplifiers. (359)

POLYESTER-FILM CAPACITORS
Sprague Electric Co., 35 Marshall

electronics



o
s*?
ke
N
'\3 %
&
L
o
5>
S
o 2tk
S NN
iS4

IT'S READ MORE
BY ALL 4!

electronics magazine interprets elec-
tronics for electronics men every
week. The latest components, eco-
nomic trends, military applications.
Technical data you’ll want to file and
keep. Get the facts first with a per-
sonal subscription (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 included with
every subscription.

subscribe today :co
electronics

June 1, 1962

St., North Adams, Mass. Technical |
paper No. 62-11 reports results of

an evaluation program on wrapped-
type PETP polyester-film capaci-
tors. Available upon letterhead re-
quest.

ELECTRON-BEAM WELDING W. S.
Romark and Co., Inc., 18233 S.
Miles Parkway, Cleveland 28, O.

| Technical manual describes the elec-

tron-beam welding process and its

| application for joining miniature

components. (360)

SEMICONDUCTORS  General Instru-
ment Corp., 65 Gouverneur St.,
Newark 4, N. J. Bulletin SR3099
covers silicon and germanium tran-
sistors and diodes, silicon Zener
diodes and nanocircuits. (361)

MICROWAVE BULLETIN Empire De-
vices, Inc., Amsterdam, N. Y. Bul-
letin discusses five categories of
microwave equipment. (362)

TIME INTERVAL COUNTER Eldorado
Electronics, 2821 Tenth St., Berke-
ley 10, Calif. Bulletin describes the
108 series solid state 10 nsec time
interval counter. (363)

L-F OSCILLATORS Accutronics, Inc.,
12 South Island, Batavia, Ill., has
produced a 4-page brochure entitled
“How To Specify Low Frequency
Oscillators.” (364)

THIN FILM TECHNOLOGY Metavac,
Inc., 45-68 162nd St., Flushing 58,
N. Y. A 10-page catalog describes
high vacuum thin film technology
products for the microwave, elec-
tronics, optical and infrared indus-
tries. (365)

HAND WINDER Geo. Stevens Mfg.
Co., Inc., Pulaski Road at Peterson,
Chicago 46, Ill. Catalog page de-
scribes a heavy duty hand winder
with 2 speed torque ranges. (366)

DIGITAL COMPARATOR Kearfott Div.,
General Precision, Inc., Little Falls,
N. J. Reference sheet C05 9152 il-
lustrates and describes a digital
comparator. (367)

SPECTRUM ANALYZER Panoramic
Electronics Inc., 520 S. Fulton Ave.,
Mt. Vernon, N. Y. Six-page folder
describes the SPA-10 spectrum an-
alyzer for signals in the 10 Mec
through 43 Ge range. (368)

SOLDERS AND PAINT Joseph Wald-
man & Sons, 137 Coit St., Irvington
11, N. J., offers a bulletin on the
use of epoxy silver solders and con-
ductive coatings. (369)

NEW WIDE BAND HE

AMPLIFTER

Gives a 20 db gain in a frequency
range of .05 to 50 mcs with less
than 6 db noise figure

This miniaturized solid state
HF amplifier was designed for
use in control, navigation,
communication, and video
systems where minimum size,
weight and power consump-
tion are of primary importance.

'MODEL BBA-1 SPECIFICATIONS

B S 2%" x 134" x 14"
Power requirements.24 v d-c, 30 ma
Output voltage, ........... 1 volt pk
IPUE L. ... v nominally 75 ohms
OUtput Z. .., 000 nominally 75 ohms
URIE PGS, .. b cans Tadmenividng $105

For prompt information and
quantity prices on various
models available, call or write

-~ | MINNEAPOLIS
% SCIENTIFIC
\ CONTROLS

9330 James Ave. S. »Minneapolis 20, Minn. « TU 8-4671
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NEW BOOKS

TS PRESENT APPLICATIONS:
P E R F E CT - VOLTAGE REFERENCE OR .
PACKAGE DIVIDERS RATIO STANDARDS Electromagnetics
APCPQIAépA'_ﬁE;LS LADDER TYPE By ROBERT M. WHITMER
: L v
§ . oy Prentice-Hall, Inc., FEnglewood

SUMMING MISSILE CHECKOUT ; o 3 Sec-
NETWORKS SYSTEMS Cliffs,, N J., 1962, 357 p, $13. Sec
ond Edition.

DIGITAL TO
ANALOG CONVERSION

Kelvin has specialized for years in the cus-
tom design and production of resistance net- [
works to suit individual customer require-
ments. ,
Recognized, high quality Kelvin precision
wire-wound resistors are used to obtain the
ultimate in high accuracy and stability. Units
perform in airborne and missile environ-
ments involving altitude, shock, vibration,
humidity and wide temperature ranges. Net-
works are packaged in hermetically sealed

(o B (e B A0 AT Y [ VoI M [N (o] J  cases or encapsulated in epoxy resin to meet

exact mechanical specifications.

KELVIN B

CUSTOM DESIGNED « Nominal resistance tolerances to

+ .005%.

RES'S I ANCE e Resistance ratio tolerances as close as |
.002%. ‘
» Long term resistance stability of | . - . .
NE I WORKS + 002% per year. [ A surface enclosing the junction
. |

Low reactances to provide rise times as i i
Our experienced engineers will answer your applica- low as 50 nanoseconds. of three conductors

tion inquiries accurately and promptly. Send speci- ° I:'"&'f,'::";’s c‘l",’,',ﬁ‘,ﬁiﬂ‘g ik o e
fications or requirements to: | F125°C. Written on a senior-to-postgrad-
: uate level, this text covers the elec-
. K E LVl N e daa il calatal tromagnetic theory from Cou'lomb"s
- v i D i law through Maxwell’s equations to
New York: Yonkers, 16 Melean Ave.. BEverly 7.2500 circular waveguides. Vector analysis

is developed concurrently with sub-
CIRCLE 207 ON READER SERVICE CARD ject matter up to the Hertzian vec-
.| tor. The treatment is detailed and
well illustrated, with problems and

GOOd references in each chapter.

parts

Radio-Electronic
wor k Transmission Fundamentals
By B. WHITFIELD GRIFFITH, JR.
best!

McGraw-Hill Book Company, Inc.,
New York, 1962, 612 p, $10.75.

A guide and reference book on

| i 1 ;
i the generation and handling of

Frequenc R A
Tro?\sfomyier h}gh-power (?lectrufal energy at ra-
IFT dio frequencies, this work has four
major parts—Electrical networks,
transmission lines, radio antennas
The high standards of MITSUMI electronic POLYVARICON and radio transmitters. Some
components are insured by a fully-auto- Variable knowledge of radio is presupposed;
Capacitor H

mated assembly system, and double-checked the mathematics is basic and ample

by rigid quality controls. Mitsumi Electric problems are included.—G.V.N.

Company is Japan's lorgest manufacturer
of components for radio, television and
communications equipment,

MITSUMI PARTS

MITSUMI ELECTRIC CO., LTD. Each detailed chapter is written

Komae, Kitatama, Tokyo by a different author, selected as

Inertial Guidance.
Edited by GEORGE R. PITMAN, JR.

John Wiley & Sons, Inc., New York,
1962, 481 p, $18.50.

106 CIRCLE 106 ON READER SERVICE CARD electronics



an authority in his field. The book
has three parts: principal inertial
sensing instruments and compo-
nents of a modern inertial guidance
system; the problems of designing
and mechanizing inertial guidance
systems for aircraft and ships; and
finally, inertial guidance systems
for rocket propelled vehicles and
space navigation. An interesting
chapter is devoted to error analysis
and performance optimization.—
G.V.N.

Square-Loop Ferrite
Circuitry: Storage and
Logic Techniques

By C. J. QUARTLY

Iliffe Books Ltd., London,
166 p, $6.

Here is a fine introduction to the
use of magnetic cores in computers
and other digital equipment, with
an absolute minimum of mathe-
matics and a large number of well-
arranged and informative illustra-
tions, in the usual clear and concise
Iliffe style.

Starting with the history and
properties of square-loop materials,
the book describes various systems
in detail. Later chapters go into
nondestructive readout, storage
circuits, logic circuits, multi-aper-
ture logic elements and counting
circuits with more than two flux
levels.—S.B.G.

1962,

Principles of
Electronic Warfare

By R. J. SCHLESINGER, K. AB-
BEY, R. W. EHRHORN, K. J.
FRIEDENTHAL and S. H. LOGUE
Prentice-Hall, Inc.,
Cliffs, N. J., 213 p, $8.

In discussing electronic counter-
measures (ECM) and their role in
electronic warfare, the authors pro-
vide broad and useful—though
brief—surveys of many areas in-
volving ECM. Among these are ra-
dar, recovery of signal information
in the presence of noise, and an-
tennas. ECM problems that are de-
seribed are largely on radar and
aerospace warfare; communications
aspects are not discussed in detail
and surface and subsurface warfare
are implied rather than described.
—S.V.

Englewood
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EL) WATTMETER-LOAD

FOR RF OUTPUT
10 150 WATTS

The new BIRD Model 6150 TERMALINE

RF Wattmeter is a termination type absorption
instrument having selectable dual power
ranges of 0-30/0-150 watts. Power values are
read directly throughout the frequency _ ;
range of 30-500 mc. The instrument is N
portable, simple to operate, and A
requires no calibration or
auxiliary power.

Specifications: BIRD Model 6150

Power scales: 0-30 and 0-150 watts

Impedance: 50 ohms nominal
Frequency Range: 30-500 mc

VSWR: 1.1 maximum
Accuracy: =+ 59% of full scale
Input Connector: Female N

Weight: 8 pounds

Size: 31%¢ x 6% x 12
Price: $225.00 F.0.B. Factory

other models available

BIRD Model 611 (power scales

0-15 and 0-60 watts) and Model 612
(power scales 0-20 and 0-80 watts).
Price, either model: $175.00.

Model 61 with two compatible
power scales as low as one watt and,
up to 80 watts. Price: $220.00.
Frequency range of any model may
be extended. Prices on request.

Contact BIRD for further
information on these instruments

and other BIRD products.
BIRD Model 6150

TERMALINE RF Wattmeter

ELECTRONIC CORPORATION

30303 Aurora Rd., Cleveland 39 (Solon), Ohio
CHurchill 8-1200 TWX CGN FS 679
Western Representative:

VAN GROOS COMPANY, Woodland Hills, Calif.
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PEOPLE AND PLANTS

Space-General Consolidates in El Monte

SPACE-GENERAL CORPORATION, Aero-
jet-General’s subsidiary engaged in
the design, development and assem-
bly of complete space and missile
systems and subsystems, has con-
solidated administration and engi-
neering funections of its Azusa and
Glendale, Calif.,, plants in a new
167,000-sq-ft, two-story facility in
El Monte. Construction was super-
vised by the company’s AETRON
division.

The new building is the first of
three to be completed on a thirty-
acre tract. A systems evaluation fa-
cility is now being erected and
beside it the foundation for a cafe-
teria is underway. When completed
in July, the three buildings will in-
corporate 250,000 square feet for a
total cost of about $6 million.

As a major subsidiary of Aero-
jet-General, Space-General was or-
ganized in June, 1961, with about
700 employees and a multimillion
dollar business base to provide ca-
pabilities in advanced electronics,

nucleonics, communications, space-
craft, payloads and data processing
systems.

Programs now underway at
Space-General include Ablestar up-
per stage used in the Transit/
Courier satellite series, Aerobee and
Astrobee research rockets, scien-

Prepare Telecommunications for Apollo

Dallas,

Texas—Development of the

telecommunication system for the

Apollo spacecraft gets underway at Collins Radio Co. under the direction
of Dr. Simeon E. Watson, left. He is discussing one of the many problems
involved in the project with Stephen E. Hamilton of the North American
Aviation Space and Information Systems division. Hamilton is serving as
liaison between Collins and North American, prime contractor for NASA.
Collins previously designed and built the communication system for the

Mercury space program

108

tific satellites, attitude control sys-
tems, rocket sleds, instrumentation
for Ranger and Surveyor lunar
spacecraft, subsurface communica-
tions, advanced deep space teleme-
try systems, ICBM terminal guid-
ance, compact moonmobiles and
satellite search and rescue systems.

Elect Barreca
Admiral President

VINCENT BARRECA, executive vice
president of Admiral Corp., Chi-
cago, Ill., has been elected presi-
dent, succeeding Ross D. Siragusa,
who had held the post since estab-
lishing the company 28 years ago.
Siragusa continues as chief execu-
tive officer and chairman of the
board of directors.

Arwood Opens Sixth
Casting Plant

ARWOOD CORP., New York City, re-
cently opened its sixth investment
casting plant in Cleveland, O. The
45,000-sq ft plant is a fully-inte-
grated foundry with its own tool
and die making facilitiés.

Among its features are elec-
tronically-controlled melting fur-
naces, one with a melting capacity
of 1,500 lb; precise environmental
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g Bourns Trimpot® Model 3300 — "Veer 20-new Prooucr senies

The Only Potentiometer with All These Features:

(1) Smaller-than-transistor size—just 5/16” dia, X 3/16”.
(2) Resistance from 500 to 20K.

(3) Full compliance to MIL Specs for cycling humidity, sand,
dust, salt spray, fungus (meets MIL-STD-202, MIL-E-5272).
(4) Positive end stops.

(5) Precious-metal contacts.

(6) Sealed lightweight plastic case (no shorts to the board).
(7) Industry-standard pin arrangement.

(8) Exclusive Silverweld® multi-wire termination (virtually inde-

structible under thermal or mechanical stress).

The single-turn, 0.5 watt Model 3300 is as tough as it is tiny.
It stands up to 175°C heat, 30G vibration and 100G shock. Its
quality is checked by 1009, inspection and double-checked by
the rigid Bourns Reliability Assurance Program. In every unit,
the performance you specify is the performance you get.

Production quantities available immediately with either printed
circuit pins or solder lugs and bushing mount. Write for com-
plete data.

I BourNs
'y

BOURNS,

G138 MAGNOLIA AVE., RIVERSIDE, CALIF.

PHONE: OVERLAND 4-1700 + TWX: RZ 9222
CABLE: BOURNSINGC.

INC., TRIMPOT DIVISION

Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada
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JAPAN
ELECTRONICS SHOW °’62

Gala Exhibition of the Latest Achivement of Japan's Electronics Industry

The First Annual Show

From Sept. 20 to 29

At International Trade
Fair Grounds
Harumi, Tokyo

Scope of Exhibition Exhibits
Exhibit Halls .........17,700 m2 Radio & T\é s?:ls, TAapg;retéorQers, Sttereo-
phonic and other Audio Equipmen
Wismberof Beothy., 520 Radio Communications and Associated
Number of Exhibits Equipment
Approx. 30,000 units Electronic Computers and other Allied
Exhibitors Electronics Apparatus
416 Manufacturers Electronics-applied Medical & Industrial
Equipment
Industrial Measuring Apparatus and
Instruments

Electron Tubes and Semi-conductor
Devices

Electronic Components

This form entiles you to full and free information on the forthcoming
ELECTRONICS SHOW. Fill and mail it to:

Electronic Industries Association of Japan
TOKYO SHOKOKAIGISHO (Tokyo Chamber of Commerce &
Industry) Bldg., No. 14, 3-chome, Chiyoda-ku, Tokyo

Your Name: Organization:

Address:
Full particulars will be forwarded to you no matter where you are located.
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control; and a straight-line produc-
tion set-up which eliminates un-
necessary delays.

William 1. Matthes, company
president, said that almost $700,000
has been spent in equipping the
plant, and additional planned ex-
penditures will bring the total to
about $1 million in the near future.

Arthur Bruno Joins

Audio Devices

AUDIO DEVICES, INC., New York,
manufacturer of magnetic tapes,
has appointed Arthur J. Bruno
manager of research and engineer-
ing. Bruno assumes his duties at
the company’s newly opened re-
search and engineering building in
Glenbrook, Conn.

Before joining Audio Devices,
Bruno was technical manager of
the Johns-Manville Corp., Dutch
Brand Division in Chicago, Il

Name G. W. Harris?bn

Allegany President

G. WILLIAM HARRISON has been
named president of Allegany In-
strument Co., a division of Textron
Electronies, Inc. He had been vice
president and general manager
since 1960.

Allegany Instrument, with head-
quarters in Cumberland, Md.,
manufactures precision electronic
measuring devices, pressure trans-

electronics



ducers, load cells and thrust meas-
uring systems.

Faflick Moves Up

At Sylvania

APPOINTMENT of Carl E. Faflick as
director of the advanced systems
planning organization of Sylvania
Electronic Systems in Waltham,
Mass., is announced. He was for-
merly senior staff specialist-systems
for the division.

PM Electronics
Changes Name

PM ELECTRONICS, INC., San Diego,
Calif., has changed its name to
California Instruments Corp.

The name change follows an
earlier announcement that PM has
expanded its product line to include
automatic oscilloscopes and analog
voltage comparators, as well as its
established line of d-c¢ instrumenta-
tion amplifiers for both ground sup-
port and missileborne applications.

Sola Names McGuire
Senior V-P and G-M

JOHN V. MCGUIRE has been named
senior vice president and general
manager of Sola Electric Co., Elk
Grove Village, Ill. He joins the com-
pany after extensive experience
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R
PROJECT
MERCURY
THE TERMINAL
COMMUNICATION
FOUIPHERT 1S

ROANWELL

-Because high intelligibility between
sender and receiver is a necessity in space
communications.

“\\

Since 1948 Roanwell has manufactured
and supplied high quality Headsets,

Handsets, and Noise-Cancelling Micro-
phones for use in aircraft, submarines,
with ship-to-shore single sideband sys-
tems, sonar and doppler radar, and under-
water mine detectors. Roanwell terminal
communication equipment is used in most
of the missile and space programs such as
Project Mercury, X15, the Atlas, Minute-
man, Saturn, Jupiter, Pershing and Red-

stone. 3

Roanwell’s high reputation in this field [
J comes from specialized technical “know-

how,” manufacturing integrity and prod-
uct adaptability that permits us to meet
our customers’ most rigid specifications.
For reliable terminal communication
equipment, contact Roanwell. Write for
catalog E-6 '

Prime authority in electro-acoustic devices

ROANWELL CORPORATION

ROANWELL BUILDING
180 Varick Street, New York 14, N. Y,
212 YUkon 9-1090 TWX NY1-478
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Big book for buyers in electronics

... and for sellers, too. Whether you want to buy or sell in the electronics
industry, chances are that information in electronics Buyers’ Guide and
Reference Issue will help you do it better, more easily, more efficiently, or
more profitably.

EBG puts key facts at your fingertips, by: Indexing more than 4,700
manufacturers; Listing all up-to-date products, components, materials,
services; Giving you company statistics, such as dollar volume of business,
number of employees, number of engineers; Giving you the name of the
actual man in each company to call for prices, delivery dates, specifications,
ete.

Complete information like this puts EBG away ahead in the electronic
catalog league. It pays you to know and use the EBG.

electronics BUYERS' GUIDE and Reference Issue

The Basic Buying Guide in Electronics déismce 7947
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with the Allis-Chalmers Mfg. Co.,
most recently as general manager
of that company’s Pittsburgh, Pa.,
plant.

Kazan Accepts

New Position

BENJAMIN KAZAN has joined the
staff of Electro-Optical Systems,
Inc.,, Pasadena, Calif.,, as chief
scientist of the Solid State division.
He will be responsible for solid
state research and development
programs in thin film techniques
and light-imaging and amplifying
devices.

Prior to joining EOS, Kazan was
head of the solid state display
group of the Hughes Research Lab-
oratories.

Van Slyck Assumes
New Zenith Post

WILLIAM S. VAN SLYCK has been ap-
pointed to the new position of as-
sistant director of Zenith Radio
Corporation’s Government and Spe-
cial Products division in Chicago,
T11.

He was formerly chief electrical
engineer for Zenith’s Military divi-
sion.

Shockley Announces
R&D Appointments

ADOLF GOETZBERGER and Robert
Tamblyn have been given new
duties in the R&D section of Cle-
vite/Shockley Transistor in Palo
Alto, Calif.

Goetzberger, a member of the
senior research staff for three
years, is appointed manager of
R&D.

Tamblyn, controller of the organ-

electronics



ization, takes on the additional
work of R&D administrator.

Raytheon Appoints
Sidney Topol

RAYTHEON COMPANY recently ap-
pointed Sidney Topol general man-
ager of Raytheon (Europe) A.G., a
wholly-owned subsidiary located in
Zug, Switzerland. He will have man-
agement and supervisory responsi-
bilities for all companies in which
Raytheon (Europe) A.G. has a con-
trolling interest.

Topol joined Raytheon in 1949.
He was named director of planning
for Europe in 1959.

PEOPLE IN BRIEF
George J. Mozek is promoted to
chief application engineer for Na-
tional Transistor Mfg. Inc. Alan
F. Stevens leaves Telecomputing
Services, Inc., to join the Systems
Div. of Electro-Mechanical Re-
search, Inc., as a senior engineer.
Robert Moffat and William A.
Hriszko advance to executive v-p
and v-p of manufacturing and en-
gineering, respectively, at Webcor,
Inc. Raytheon elevates Frank F.
Oddi to managing director of A.C.
Cossor, Ltd., its London sub-
sidiary. Chandler L. Goldthwaite
moves up at Sanders Associates,
Inc., to operation mgr. of its new
New Hampshire facility. Walter L.
Schlenker of GE named a project
mgr. in its internal automation op-
eration. ITT ups Mortimer Rogoff
to v-p, program planning and de-
velopment, for its Federal Labora-
tories. G. O. Haglund, former Gen-
eral Mills exec, elected v-p of
Vitro Corp. of America. William
Turner, previously with Lionel
Corp., appointed mgr. for research
at Dynamic Electronics Div., Cape-
hart Corp. Robert O. Case, Jr., ex-
North American Aviation now di-
rector of research for Tamar
Electronics, Inc., and its four di-
visions. Promotions at Entron,
Inc.: James L. Lahey, to president
and chief executive officer; Henry
M. Diambra, to chairman of the
board; W. C. Godsey, Jr., to head
of the executive committee. Arthur
H. Schweitzer, g-m of the Jet Div.
of TRW Inc., elected a v-p of the
company.
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SUPERFHLUOUS

The zero adjuster is superfluous on Honeywell sealed,
ruggedized meters, even though it is required by specifi-
cation. The reason is that these Honeywell meters are
designed and manufactured to pass qualification tests
and regular monthly production acceptance tests with-
out any zero adjustment. BIt takes an excellent meter to
pass all of the tests, one after another, without ‘‘fixing’’
the meter after each test segment by resetting the
pointer to zero. Try it and see for yourself. @ Ask your
present supplier if he will certify that his products have
been qualified and are regularly tested in this manner.
If his answer doesn’t satisfy you, our answer will. Write
to Honeywell, Precision Meter Division, Manchester, N.H.

‘

‘where electronics meets the eye"

Honeywell
Pracision, Wetow-
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IBM asks basic questions in information retrieval
®

What is known?

FUEL CELLS

by Herman A. Liebhafsky Making valence electrons do work
before they're captured by oxygen
is the most direct way to convert
chemical into electrical energy.
But effective cells seem years away

IN Brier: Like the ordinary battery, the
Juel cell is a low-voltage source of de; un-
like the battery, the fuel cell does not store
energy but merely converts it. Ideally, it
has most of the advantages of the battery—
compactness, no mocing parts,

these valence electrons can be made to do use-
ful work before they come to rest in the oxida-
tion products—if they are caught in flight, so
to speak—chemical energy can be converted
directly into electrical energy, and the inter-
mediate ion to heat di

ness; has a disadvantage in its need for
accensory fuel supply and oride removal
apparatus; and has a number of unique
virtues —steady output without recharging,
long life, and operation on air and conven-
tional fuels. It can wse these .latter more

Heow it works

A fuel cell, like any other electrochemical
cell, contains two electrodes (the anode and
the cathode). These are joined externally by a
metallic circuit through which the valence

than 9
because, unlike them, it converts the energy
of fuel oridation directly into electricity.
The theory is simple: valence electrons of
a conventional fuel are forced to do work en
route to the oridation product. But practice
is bedeviled by technical demands that are
difficult to meet one at a time, let alone all
at once. Still. after a century of failure to
develop a practical fuel cell, vecent work has
led to a handful of devices that work well
enough to merit attention—T. M.

W Since the Second World War, and largely
because of military and space needs for new
energy sources, there has been a tremendous
expansion of fuel-cell research here and

from the fuel flow, and internally by
a ing medium (the yte) through
which ions flow to complete the circuit.

In the hydrogen fuel cell of Fig. 3, these
component parts are labeled, and the sub-
stances involved in the reaction at each elec-
trode are indicated. These are the electrode
reactions:

Anode 2H, = 4H * + 4e—

Cathode O, 4 4H* 4 4e~ = 2H.0

Over-all 0, + 2H, — 2H,0
Note that the over-all reaction, which is the
equation for combustion of hydrogen, has in it
no charged species. But the electrode reactions
involve two charged species, the hydrogen ion
H* (here written without its water of hydra-
tion) and the electron e~. The electron works
2 i i i ndaie Al

e 54730

FUEL CELLS BY HERMAN A, LIEBHAFSKY

FOR YEARS, SUCH FAMILIAR ELECTROCHEMICAL CELLS AS DANIEL

< CELLS, DRY CELLS, AND STORAGE BATTERIES HAVE BEEN DIRECT-
LY CONVERTING INTO ELECTRICITY THE FREE ENERGY OF OXIDA-

< TION OR IN THE CHEMIST'S BROAD SENSE OF OXIDATION AS THE
ADDING OF OXYGEN OR ANY OTHER ELECTRO-NEGATIVE ATOM OR
GROUP.

THE SUBSTANCES THAT ORDINARY BATTERIES CONSUME AT THEIR

ANODES ARE THE ANODES THEMSELVES, WHICH ARE EXPENSIVE

METALS SUCH AS ZINC, MAGNESIUM, OR LEAD, OR EVEN SODIUM ==
CERTAINLY NOT THE INEXPENSIVE FOSSIL FUELS THAT FUEL CELLS

ARE INTENDED TO CONSUME, SUCH AS COAL AND HYDROCARBONS, AND
SUBSTANCES EASILY DERIVED FROM THEM, LIKE HYDROGEN, CARBON
MONOXIDE, AND THE SIMPLER ALCOHOLS.

-~

THE ACTUAL EFFICIENCY OF A FUEL CELL IS NECESSARILY LESS

THAN THE IDEAL, BECAUSE THE ACTUAL ELECTROMOTIVE FORCE IS
ALWAYS LESS THAN THE IDEAL DUE TO IRREVERSIBLE CHANGES IN
THE ACTIVATION-ENERGY BARRIERS TO HIGH ELECTRODE ACTIVITY,
THE INTERNAL RESISTANCE OF THE ELECTROLYTE TO IONIC MOBILITY,
AND LOCAL CHANGES IN THE ELECTROLYTE'S CONCENTRATION AND
COMPOSITION.

IN 1842, GROVE SAID OF HIS HYDROGEN-OXYGEN CELLS.* AS THE
CHEMICAL OR CATALYTIC ACTION...COULD ONLY BE SUPPOSED TO
TAKE PLACE...AT THE LINE OR WATERMARK WHERE THE LIQUID, GAS
AND PLATINA (PLATINUM) MET, THE CHIEF DIFFICULTY WAS TO
OBTAIN ANYTHING LIKE A NOTABLE SURFACE OF ACTION.

IN SEPTEMBER, K. SCHWABE OF THE INSTITUTE FOR ELEKTROCHEMIE
AND PHYSIKALISCHE CHEMIE OF THE TECHNISCHE HOCHSCHULE IN
DRESDEN ANNOUNCED THAT PREPARATORY GAMMA, AND EVEN BETTER,
BETA, IRRADIATION OF ELECTRODE SURFACES INCREASED THEIR
ACTIVITY .

N A A A A A A oA

-~

T his 4000-word article appeared in the January, 1962, issue
of International Science and Technology. 7o abstract
the article, a document analyst would read it, define its
purpose, and summarize its essential points.

Each year in the physical and life sciences, some
50,000 technical journals will be published through-
out the world. 100,000 research reports and 60,000
technical books will also be written. Somewhere in
this mass of knowledge may be information you
need. To tell what is known—and where to find it—
IBM is investigating systems for the dissemination,
storage, and retrieval of information.

To create an advanced information retrieval system,
labels must be found for a// useful information in
documents. With conventional library indexing, it
is difficult to make allowance for new kinds of
knowledge. However, computers let us use more
versatile methods of indexing. In one of these, the
kwic INDEX (Key Word In Context), a computer
selects significant terms in the titles of documents,
then prints them out as index entries.

Once indexed, characteristics of documents’ con-
tents can be used to notify people of their existence.
The Selective Dissemination of Information system
at 1BM stores profiles describing individuals’ inter-
ests. A new document’s key words are matched
against key words in a person’s profile. If there is
sufficient correlation, he is informed of the docu-
ment. Profile matching can also be used to retrieve
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This abstract was prepared by an IBM computer. The text
was first coded in machine language. The computer then
counted key words, and printed out senlences having the
grealest statistical significance.

information by storing documents and feeding key-
word queries through the system.

At present it is relatively difficult to get text into
machine-readable form. However, the development
of high-speed optical character readers, automatic
language translators, and improved methods of cap-
turing linguistic information at the source may
make it possible to introduce information directly
into retrieval systems. Once harvested, vast quanti-
ties of information will present storage problems.
IBM is investigating random-access photostorage
systems capable of storing millions of documents
and retrieving them in seconds. Out of systems like
these may come total information centers which will
acquaint scientists and businessmen with all the in-
formation needed in their work.

If you have been searching for an opportunity to
make important contributions in information retrie-
val, component engineering, optics, space systems,
or any of the other fields in which 1BM scientists and
engineers are finding answers to basic questions, please
contact us. 1BM is an Equal Opportunity Employer.
Write to: Manager of Professional Employment,
IBM Corporation, Department 55481, 590 Madison
Avenue, New York 22, New York.
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NCR

REG. V.5, PAT, OFF.

ADVANCED

Offers a Career Opportunity in DEVELOPMENT
SOLID STATE PHYSICS R

A professional opening exists for a Solid State Physicist in the Engineering ELECTRONICS

Service Division of Du Pont’s central Engineering Department. This division’s
objectives are to anticipate the Company’s technological needs and apply
advanced engineering and scientific knowledge to improve existing and future
Du Pont processes. Consultation and services are provided on problems in
research, development, manufacturing, and sales.

A new program has started in
the development of Integrated
Circuits for computers and busi-
ness machines. Circuits both in
thin films and in semiconductor
blocks will be designed, made,
and evaluated. Novel circuits,
applications, and processes will
be sought. This program will
provide growth opportunities
along technical or managerial
lines for imaginative experienced
individuals. Backgrounds are de-
sired in thin films, semiconduc-
tors, or logic design. Specific

The Solid State Physicist will provide consultation to various plants and
laboratories on behavior of semi-conductor, non-conductor, and magnetic
materials. He will conceive, develop, and apply special devices to measure
and control such properties. He will conceive applications of such materials
in the electronics industry and other fields. He will design and apply
special purpose semi-conductor and magnetic amplifier circuits to process
measurement and control. Location: Louviers Building, Wilmington, Delaware.

Write in confidence to Mr. W. M. Redd
Engineering Department

E. I. du Pont de Nemours and Company
INCORPORATED

Wilmington 98, Delaware

An Equal Opportunity Employer
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Communications

Engineers and Scientists

Investigate wide-ranging growth opportunities with the Martin
Company in Orlando, Florida! Projects are now under way on
seven missile, electronic and communication systems prime con-
tracts, plus extensive research and development programs. Senior
level openings exist on advanced programs and in project engineer-
ing for conceptual communications systems engineering and com-
munication equipment design. Experience in one or more of the
following areas is desirable:

B Digital Pulse Communications

B Wide Band RF/IF Amplifiers B Pulsed Power RF Amplifiers

W Air-Ground Communications Systems B Information Theory
B Troposcatter System Design and Analysis

Work with the team who developed Pershing, Bullpup, GAM-83,

Lacrosse, Racep, Missile Master and BIRDIE. Investigate these

opportunities by sending your resume, in confidence, to Mr. P. A.

Miller, Martin Company, Orlando Division, Sec. 419, Orlando,
Florida. (An equal opportunity employer.)

T RN PR
VT 2 FE T8N
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A Division of Martin Marietta

B Probabhility Theory

openings comprise:

® SOLID STATE PHYSICS

To design and confirm inte-
grated circuit structures

® ELECTRONICS

To design and evaluate inte-
grated circuits

® LOGIC

To specify and evaluate inte-
grated circuits in logical ap-
plications

® PROCESS

To establish and improve proc-
esses in thin film and semi-
conductor technology such as
evaporation, diffusion, con-
tacting, surface treatment,
epitaxy, ete.

In addition to unexcelled facili-
ties and opportunities, NCR
offers many unusual and unex-
pected benefits both in living and
working climate. Purposeful
effort, long range planning, and
good management backed with
78 years of systems experience
underlie the stimulating pro-
gram of research and develop-
ment now emerging at NCR. To
be considered for what may be
your ground floor opportunity,
write to:

T. F. Wade, Technical Placement,
The National Cash Register Com-
pany, Main & K Streets, Dayton 9,
Ohio

An Equal Opportunity Employer
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AT NASA, YOU'RE IN THE AEROSPACE CENTER OF THE FREE WORLD

For the NASA man, ‘‘today’’ is NERVA,
Apollo, Surveyor, Prospector, Nova . . .
and a thousand and one other chal-
lenges. The future of space exploration
is primarily in the hands, the mind, the
ingenuity of NASA men and women.

NASA is the focal point for the assault
on space. Here are unmatched facilities
—the tools, the associates, the atmos-
phere a man needs for unfettered crea-
tivity. NASA is downstage center, and
the scientist or engineer who works
under this exacting spotlight finds the
opportunity, the fulfillment, the security
and respect that so many of us so
eagerly pursue.

NASA is for the man who wants to be
“in at the beginning.”

NASA scientists and engineers work in
many diversified fields. Included are:
Fluid and Flight Mechanics, Energy and
Power Systems, Materials and Struc-
tures, Space Sciences, Measurement
and Control Systems, Data Systems, Ex-
perimental Facilities and Techniques,
Life Sciences and Systems, and Pro-
gram and Project Management, includ-

NATIONAL AERONAUTICS AND
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AT NASA, YOU'LL WORK
ON THE PROJECTS OF
1970 . . . TODAY

ing supervision of the contracts. NASA
invites your inquiry on the basis that
you will be given opportunity that
stretches your ability, wide choice of
work area, tuition-free graduate study,
if desired, while on full pay. You may
direct your inquiry to any of the follow-
ing NASA centers:

NASA Launch Operations Center, Cocoa
Beach, Florida; NASA Manned Space-
craft Center, Houston, Texas; NASA
Goddard Space Flight Center, Greenbelt,
Maryland; NASA Marshall Space Flight
Center, Huntsville, Alabama; NASA
Ames Research Center, Mountain View,
California; NASA Flight Research
Center, Edwards, California; NASA
Langley Research Center, Hampton, Vir-
ginia; NASA Wallops Station, Wallops
Island, Virginia; NASA Lewis Research
Center, Cleveland, Ohio, or NASA Head-
quarters, Washington 25, D. C.

All qualified applicants will receive con-
sideration for employment without re-
gard to race, creed or color, or national
origin. Positions are filled in accordance
with Aero-Space Technology Announce-
ment 252-B.

SPACE ADMINISTRATION
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RESEARCH

SOLID STATE
PHYSICS

New programs in semi conductor and
thin films research have created
ground floor opportunity for quali-
fied and vigorous research scientists
in NCR's expanding research and de-
velopment effort. Our interest is not
temporary; rather it is an element of
the stable long range viewpoint that
has led to 78 years of leadership in
the field of business equipment and
systems. Perhaps you qualify to be-
come a part of this respected or-
ganization.

Openings in our Physical
Research Department include:

Ph.D in physics, with at least five
vears experience in semi conductor
component research and development,
a theoretical understanding of semi
conductor (silicon and germanium)
physics, research and development
experience in the semi conductor de-
vice fabrication techniques such as
diffusion, alloying, masking, etching,
and in particular be familiar with the
epitaxial formation of multilayer semi
conductor structures.

Assignment involves technical leader-
ship for a program in molecular elec-
tronics which will first be concerned
with the investigation and exploita-
tion of the epitaxial technique to de-
termine its limitation and capabilities
as related to the fabrication of func-
tional semi conductor structures.

Ph.D in physical chemistry with three
years of experience in the areas of
electro-chemistry, preferably as ap-
plied to the formation of thin mag-
netic films. He should be familiar
with the process of electro-deposition
as related to magnetic materials and
alloys, and have considerable under-
standing of magnetic theory, proc-
esses of crystal nucleation and
growth as they are related to the
formation of metallic electro-depos-
ited films. It is also desirable to have
technical familiarity with x-ray and
electron diffraction examination and
analysis methods, so that these skills
may be brought to bear on the prob-
lem of the relationships of film com-
position and crystalline structure to
the magnetic characteristics of elec-
tro-deposited films.

Ph.D in physical chemistry, with ap-
proximately 5 years experience and
theoretical understanding of the
problems of materials preparation,
structural and compositional analysis
and interpretation, and methods of
materials evaluation. Particular em-
phasis should include solid state ma-
terials, such as semi conductors,
magnetic materials, superconductors,
and dielectrics.

To investigate these and other open-
ings, write to:

Technical Placement

The National Cash Register Company
Main and K Streets

Dayton 9, Ohio

An Equal Opportunity Employer

(" SCIENTISTS/ENGINEERS )

Career opportunities in:

e DESIGN ® SALES
® RESEARCH ® MARKETING
e DEVELOPMENT ® APPLICATION

Submit resume in confidence to:
® Alan Glou ...... Technical/Scientific
e Sid Hopner ..... Sales/Marketing
Specialists in the personalized placement of
Electronic_Engineers and Scientists, on a na-
tional basis, who have a BS or advanced de-
ree. Client companies assume fee and reloca-

ion costs,
o S
PROFESSIONAL PLACEMENT CENTER

k 1277 MAIN ST.

PHYSICIST

Nationally prominent firm located in mid-
town Manhattan seeks the services of a
physicist to work in the broad areas of
electronics and the basic sciences as they
apply to Aerospace Technology.
Minimum requirements:

BS in Physics (EE’s considered)

5 years or more general experience
preferably oriented toward solid state
electronics

U. S. citizenship

Willingness to do invited traveling

Interested physicists should send complete

resume ineluding salary requirements to:
P-9005, Electronics

Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y.

WALTHAM, MASS. J

An equal opportunity employer

COMMUNICATIONS APPLICATION ENGINEER
Analysis of advanced electronic communication sys-
tems including radio, carrier, telephone, microwave:
Must have design and marketing ex-

perience with commercial and mili-
tary users.

- EE degree, 5 yrs. exp. min,

‘g/ Send Resume to

~ Microwave Services International Inc.
Consulting Engineers

Route 46 Denville, N. J.

POSITION VACANT

Electronic Engineers—We have immediate
openings for competent engineers to develop
electronic devices and to design electronic
circuits for analytical instruments. Bach-
elors or Masters degree with experience in
vacuum tube and solid state technology re-
quired. These are unusual growth opportu-
nities with a dynamic and rapidly expanding
organization. Please send resume with refer-
ences and salary requirements to: Mr. James
R. Badger, F & M Scientific Corp., Starr
Road and Route 41, Avondale, Pennsylvania.

POSITION WANTED

Sold successful small manufacturing busi-
ness. Familiar with all phases manufacturing
from idea stage through production and mar-
keting. Engineering and management back-
ground. Particularly qualified, but not limi-
ted to, electro-mechanical devices, air drives,
automation of small machine tools and prod-
uct packaging. Age 34. Minimum salary
$10,000 to $12,000. All replies confiden-
tial. PW-9045, Electronics, Classified Adv.
IC)i‘l".i’ 255 California St., San Francisco 11,
alif.

PROFESSIONAL
SERVICES

GIBBS & HILL, Inc.

Consulting Engineers
Systems Engineering
Operations Research ¢ Development
Field Studies » Design ¢ Procurement
Power ¢ Transportation ¢ Communications
Water Supply  Waste Treatment
393 Seventh Avenue New York 1, N. Y.

electronics

WEEKLY QUALIFICATIONS FORM
FOR POSITIONS AVAILABLE

(Continued from page 114)

PHILCO TECHREP DIVISION 94* 17
SUB. OF FORD MOTOR CO.
Philadelphia, Pennsylvania

RAYTHEON CO. 92* 18
Missile & Space Div.
Bedford, Massachusetts

REPUBLIC AVIATION CORPORATION 92* 19
Farmingdale, L.I.,, New York

SCOPE PROFESSIONAL PLACEMENT

CENTER
Waltham, Massachusetts 118 20
SPERRY GYROSCOPE COMPANY 93* 21

Div. of Sperry Rand Corp.
Great Neck, L.I., New York

P-8932 94> 22

P-9005 18 23

* These advertisements appeared in the 5/25/62
issue.

SEARCHLIGHT
SECTION

(Classified Advertising)
BUSINESS OPPORTUNITIES
EQUIPMENT - USED or RESALE

OUR BUSINESS
IS CUTTING

enerce
ALY

Manufacturers of small electrical
or mechanical units, however intri-
cate, with high labor content will
find our cost-cutting services in-
teresting.

Our complete overseas facilities
in Japan, Hong Kong, etc., provide
unlimited services by skllled work-
ers, under trained supervision, for
the manufacture of complete units
or sub-assemblies to your most
rigid specifications. All transac-
tions held in strictest confidence.

Submit sample or blueprint for
firm quotation. Get the facts about
our cost-cutting services — save
dollars and build profits!

OVER 25 YEARS EXPERIENCE IN ELECTRONICS
INTERCONTINENTAL INDUSTRIES, INC

555 W. Adams Chicago 6, lllinois
Established 1938
CIRCLE 460 ON READER SERVICE CARD
FOR RESEARCH — DEVELOPMENT
& EXPERIMENTAL WORK

Over 10,000 different electronic parts: wave-
guide, radar components and parts, test sets,
pulsers, antennas, pulse xmfrs, magnetrons.
IF and pulse amplifiers, dynamotors, 400 cycle

xmfrs, 584 ant. pedestals, ete,
PRICES AT A FRACTION OF ORIGINAL COST!

COMMUNICATIONS EQUIP cCO.
3 3 CAN omer “ I. wo 6- 045
CIRClE 461 ON READER SERVICE CARD
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®

PUTS THE BEST IN
CREATIVE ELECTRONICS

INTO YOUR HANDS

breaty
Saveni

Send for

FREE

Catalog

28 pages of professional elec-
tronic equipment in kit and wired
form—for Lab . . .Line. . .Home

EICO, 3300 N. Bivd., L.I.C. 1, N. Y. E-6A
[J Send free 32-page catalog & dealer’s name.

[J Send new 36-page Guidebook to HI-FI for
which | enclose 25¢ for postage & handling.

Zone —_ State

3300 N. Blvd., L.I.C. 1, N, Y.
Export Dept., Roburn Agencies
431 Greenwich St,, N.Y. 13, N.Y.

CIRCLE 208 ON READER SERVICE CARD

AN
Operational guidance for buyers

That’s what your 1961 électronics
Buyers’ Guide and Reference Issue
gives you . . . this year more than
ever before.

Your EBG is bigger and better
this year than ever . and more
helpful than ever ... with more new
exclusive features than ever. Keep
it close at hand, you’ll find it’s use-
ful day in and day out.

electronics

BUYERS' GUIDE
and Reference Issue

The Basic Buying Guide
in Electronics désce 7947
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first
choice of
all 4

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
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electronics fills you in on every phase
of the electronics industry each week
featuring engineering and technical
data every issue. Latest economic
trends,. technically interpreted, to
help you make sound plans. Facts
you’ll want to file and keep. Sub-
scribe now. 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 included with every sub-
scription.

it’s read
more hy
all 4!
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The

Dangerous
Years

BETWEEN World War II and the Korean
conflict, before missiles came of age, the elec-
tronics industry was reverting to peacetime
products and customers. In that period the in-
efficient went to the wall and the company with
the right combination went to the top. And the
right combination was, in more than one case,
ability to predict what was needed, to produce
it with quality and at a price. Sounds simple.
What we call diversification today was known
then as turning out a new product.

But the years since Korea have gone quickly,
until today the Federal government is the
direct customer for more than half our elec-
tronic goods and services, the indirect but
identifiable stimulator of a far larger total.
The government does business with our indus-
try much as though it were a gigantic job
shop. As a result, has the requirement for
ingenuity ‘“‘gone by the boards”? New-prod-
uct ingenuity is an ingenuity which does not
exist per se in a corporate body. It costs time,
and money, to generate and maintain. In
short, ability to diversify quickly, being
neither understood nor accepted by the gov-
ernment as a prerequisite of doing business,
is a luxury which large prime contractors
can’t afford. These are dangerous years.

We were no little shocked to learn that a tele-
gram was sent to the President early this year
requesting rescheduling of the F-105D air-
plane. Assuming that the F-110 is more suit-
able for the Nation’s defense, it is hardly logi-
cal that the F-105D should be reconsidered on
the basis that its abandonment would cause a
labor problem of major proportion in one loca-
tion. And it was on this basis the request was
made.

Geographic concentrations of military suppli-
ers, while desirable and logical on some counts,
create the possibility of temporary but near
disastrous unemployment, the costs of which

can be astronomic to local, State and Federal
government.

Is there an obligation of government to main-
tain employment through contract assign-
ments to specific corporations, the major por-
tion of whose volume is in government con-
tract work? What is the obligation of such
corporations to shareholders and employees to
diversify in consumer and industrial goods, or
to perform research and development work
which will reasonably assure a continuing flow
of government contract work on the merit of
proposals?

Are there not, on the part of the government,
two obligations? First, to insure sufficient
profit on production contracts to permit the
corporation to fund reasonable R & D from
profit dollars? Second, since 75 percent of
all R & D is government-funded, to look fa-
vorably on assignment of R & D work to pro-
ducer corporations, as opposed to strictly
R & D firms, with particular reference to
“non-profit” research organizations?

The corporation bears a parallel obligation to
spend more profit dollars more sensibly in
properly-directed R & D, particularly product-
oriented and product-producing programs, so
that diversification may be accomplished. The
major airframe corporations are now in the
business of manufacturing electronic appa-
ratus and systems. These firms grew large,
not in the electronics industry but in their own
aircraft industry, as creators and producers of
products, many of them entirely proprietary.
It is neither economical nor proper that these
same companies, having entered the electron-
ics industry, should fail to develop new pro-
prietary electronic products. Realistic R & D
programs could not help but alleviate the feast-
or-famine of government contract work, could
not help but contribute to more stable employ-
ment.

B At

PUBLISHER
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Why settle for too little
or pay for too much

ina dlgltal voltmeter? ...now you can get

exactly what you need at a
sensible price from KIN TEL

These eight KIN TEL instruments, plus off-the-shelf accessories,
meet every known requirement for digital voltmeters. This means
you no longer have to over- or under-buy. You just select the one
instrument that delivers the exact degree and combination of
speed, accuracy, stability, adaptability, range, and reliability your
particular applications call for.

Militarized Digital Voltmeter (Model 412). Rugged, programmable,
differential input. Auto ranging, displays polarity. Measures AC
and +DC potentials between 0.001 and 999.9 volts. Accuracy is
0.019% (of reading) =1 digit for DC, 0.1% of full scale for AC.
Designed to MIL-E-4158A. Ideal for use in automatic systems.
Price, in quantities of five or more: $10,000.

DC Digital Voltmeter (Model 864A). New! High speed, solid state,
programmable, modular construction. Measures 0.000 to +999.9
volts to 0.05% accuracy within approximately 0.02 second — within
0.005 second when programmed to any single range scale. Bidirec-
tionally follows inputs changing as fast as 10 volts per second on
the low range, 100 volts per second on the 100-volt range, or 1000
volts per second on the high range. Has electrical outputs for BCD,
BCD excess-3, or 10-line parallel signals which are accessories.
Price: From $3180.

AC/DC Digital Voltmeter/Ratiometer (Model 551). New! First to
bring you 5 readings-per-second speed with mercury-wetted relays.
Full 5-digit, measures DC from 0.0000 to +999.99 volts to an
absolute accuracy within 0.019 of the reading, +1 digit; AC from
30 to 10,000 cps between 0.0000 and 999.99 volts to an accuracy
within 0.19 of the reading or 0.059% of full scale, whichever is
greater. Adaptable without modification to fit a variety of data-
logging systems. Ideal for laboratory use. Accessories include
projection readout, BCD mercury-relay output, 10-line mercury-
relay output, and AC converter. Price (without optional visual
readout) for the basic 5-digit instrument with buffer register and
auto/manual/command range: $4150.

DC Digital Voltmeter and Ratiometer (Model 507D). Measures volt-
ages between +100 microvolts and #1000 volts, ratios between
+0.0001:1 and +999.9:1 with 0.019% (of reading) =+1 digit ac- i
curacy. Accessories permit AC/DCand AC/AC ratio measurements.
Stepping switches guaranteed for 2 years. Price: $3835.

DC Digital Voltmeter (Model 501B). Four-digit, fifth-digit over- £
ranging. Measures positive or negative DC between 100 microvolts N
and 1000 volts, with 0.019, (of reading) -1 digit accuracy. Auto- ;.Q
matic or programmable range; auto polarity. Combines the useful L .
accuracy of a 5-digit voltmeter with the stability, reliability, and }
price advantage of a 4-digit voltmeter. Stepping switches guar-

anteed for 2 years. Price: $2995. E—
DC Digital Voltmeter (Model 501BZ). Similar to Model 501B (see
above). Circuit is automatically and continually calibrated against —

a Zener diode reference source instead of against an unsaturated .
mercury-cadmium standard cell. For submarine and other special
environment applications. Price: $3160. '
AC/DC Digital Voltmeter (Model 502B). Gives you AC accuracy &5
within 0.19 of reading; over-ranging on both AC and DC; auto- E
matic ranging and remote (programmable) control. Measures
DC between 100 microvolts and -+ 1000 volts, AC from 30 cps to
10 ke between 1 millivolt and 1000 volts. Five-digit readout.
Stepping switches guaranteed for 2 years. Price: $4245.

AC/DC Digital Voltmeter (Model 502BZ). Similar to the Model 502B
(see above). Circuit is automatically and continually calibrated
against a Zener diode reference source instead of against an
unsaturated mercury-cadmium standard cell. Price: $4410.

M
6

@

I

W

Werite for detailed literature or a demonstration of any of these exceptional
instruments. Representatives in all major cities. All prices FOB, San Diego,
Calif. 50 cps/220 volt operation at additional cost.

5725 Kearny Villa Road

San Diego 12, California ELECTRéNlCé INC’
Phone 277-6700 2

(area Cods 714

CIRCLE 203 ON READER SERVICE CARD
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THE NUVISTORIZATION EXPLOSION!

Almost daily, it seems, equipment manufacturers come

WULTIPLIER

Commercially available types now include:

up with new applications for the amazing RCA nuvistor
tube. Small wonder! This radically new type of electron
tube packs unexcelled performance capabilities into a
package of extremely small size and light weight. Wit-
ness these nuvistor advantages to designers and manu-
facturers:

* Low heater drain « Very high transconductance at low
plate current and voltage < Exceptional mechanical
ruggedness from all ceramic-and-metal construction
* Exceptional uniformity of characteristics from tube
to tube ¢ Operation at fhll ratings at any altitude
* Dependable performance in fields of strong nuclear
radiation *« Extremely low interelectrode leakage * Low
reverse grid current < High sensitivity and stability
* Low noise figure.

Keeping pace with an expanding number of applica-
tions, RCA brings you an expanding line of nuvistors.

The Most Trusted Name in Electronics

®

RCA-7586 General-purpose industrial medium-mu triode

RCA-7587 General-purpose industrial sharp-cutoff tetrode

RCA-7895 Industrial high-mu triode (u=64)

RCA-6CW4 TV and FM tuner high-mu triode

RCA-2CW4 TV and FM tuner high-mu triode

RCA-6DS4 TV and FM tuner high-mu triode with semiremote-cutoff
characteristic

PLUS TWO NEW TYPES...

RCA-8056 medium-mu triode for use with low-voltage power sup-
plies in industrial and military applications. Excellent for small-
signal amplifier applications up to 350 Mc.

RCA-8058 double-ended, high-mu triode, for use in cathode-drive
amplifier service up to 1200 Mc in a variety of applications.

Nuvistorization has been the answer to many critical
circuit design problems; it may well be the answer to
yours. For additional information, write to Commercial
Engineering, RCA Electron Tube Division, Section
F-19-DE-1, Harrison, N.J.

RCA ELECTRON TUBE DIVISION—FIELD OFFICES
EAST: 744 Broad Street, Newark 2, New lersey,
HUmbold! 5-3900 « MIDWEST: Suite 1154, Merchandise
Mart Plaza, Chicago 54, Illinois, WHitehall 4-2900
WEST: 6801 E.. Washington Bivd., Los Angeles 22,
Calif., RAymond 3-8361 « 1838 E| Camino Real, Buyr-
lingame, Calif., OXford 7-1620



