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[N | “VOLTMETER”  TACTICAL DISPLAY
() DOESN'T MOVE GOES TO SEA

Inductors are no Uses saturable Inside our floating
problem, p 46 reactor and neon, p 50 war rooms, p 20

NEW cold-cathodes under study show blue circles on mirror surface as a result of interference effects, p 39
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... Complete System
only $1885

Here are two instruments that work together to provide
a permanent and accurate record of frequency response
on a truly logarithmic scale. With this system you can
conveniently study and analyze the performance of filters,
networks, amplifiers, equalizers, loudspeakers, micro-
phones, and transducers of all types.

The recorder, in its own right, finds extensive use in any
electronics laboratory. It has an inherent versatility that
permits its use as a general-purpose dc recorder, or for
recording the output levels of a variety of other instru-
ments including spectrum analyzers.

Type 1304-B Beat-Frequency Audio Generator.......... $795
Type 1521-A Graphic Level Recorder

(with 40-db potentiometer)....................oil $995
Type 1521-P10 Drive Unit..........oooiiiiniiienen $ 72
Type 1521-P1a Link Unit.........ooiiiiiiiiiiiienennns §$23

GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS

Frequency Range: Generator, 20c to 20 kc
on logarithmic scale, 20 kc to 40 kc.
Recorder, traces rms level 20c to 200 kc.

Generator Qutput: Flat within 40.25 db
from 20c to 20 kc. Output is adjustable
from 5 mv to 50v open-circuit. Harmonic
distortion is less than 0.25% from 100c to
10 ke, 0.5% betow 100c, 1% above 10 kc.

Recorder Sensitivity: 1 my, maximum (cor-
responds to 0 db). Can be varied from
1 mv to lv in 10-db steps with input at-
tenuator.

Recorder Range: 40-db full scale, with
plug-in potentiometer supplied; 20-db
and 80-db pots also available.

Recorder Accuracy: Static accuracy better
than 0.4% of full scale. Fast servo system
with low overshoot provides excellent dy-
namic accuracy.

Pen Writing Speed: 20 in/sec maximum
with 40-db Pot (200 db/sec) with less
than 1-db overshoot. Slower speeds (1, 3,
or 10 in/sec) selected by panel switch to
provide mechanical filtering of rapidly
fluctuating levels.

Paper Speeds: 2.5, 7.5, 25, and 75 in/min.
Optional slow-speed motor available for
speeds from 2.5 to 75 in/hr.

Charts: Four different type charts avail-
able, each 5 inches wide with 8 major
divisions. Each frequency decade on the
logarithmic scale is equal in length to the
30-db calibration on the vertical scale, as
specified by EIA Standard SE-103.

Write for Complete Information

In EUROPE
General Radic
Overseas
2urnich, Switzetland

NEW YORK, N. Y., 964-2722 CHICAGO
Ridgefield. N. 1. 943.3140  (Oak Park) 848-3400

PHILADELPHIA, 424-7419
Absngton, 887.8486

WASHINGTON, D.C.
(Rockville, Md ) $46-1600

SYRACUSE
454-9323

DALLAS
FL 74031

SAN FRANCISCO
(Los Attos) 948-8233
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LOS ANGELES ORLANDO, FLA.
469-6201

IN CANADA

425-4671 (Toronto) 247-2171
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SOME LLABORATORY apparafss used in recent cold-cathode
studies. More than a dozen cold cathodes have been deposited
on the mirror surface in the foreground. At the left is a jig
used in cold cathode deposition. Waveform is a cold-cathode
characteristic curve, One application: r-f modulation of light
beams. See p 39

FREQUENCY-CONTROL Advances Pushed by Army. Army
still isn’t satisfied with crystals for single-sideband gear, and
wants cheaper, more reliable clocks. One of newsbreaks at last
week's symposium was that thallium-beam standards may be
more accurate than cesium-beam ones

AIR-SEA-SUB DISPLAY Plots Naval Targets. Tactical Navi-
gational Display System is slaved to radar and sonar to show
enemy movements. A scaled-down version of an air-defense
display, it i3 going aboard aircraft carriers

PRINTED-CIRCUIT FIGHT. Technograph loses round 1 in the
huge Eisler patents court case. Federal judge rules that
patent claims are invalid. This case affects scores of companies
in the electromics industry

DEFENSE SATELLITE NET Is Set for Contracts. Awards
next month will launch $1-billion project. Unlike civilian com-
munications satellites, the military ones will have few channels,
use mobile ground stations

COLOR-TV CAMERA Size Pared. Japanese developing system
that needs only two image orthicons. One tube is for color, the
other is luminance pickup

VARACTOR Cutoff is 800 Gec. Gallium-arsenide diode electri-
cally formed in waveguide raises frequency limit some 300 Ge.
Developer expects it to extend range of parametric devices into
millimeter region

ARE HOT CATHODES ON THE WAY OUT? Nonthermionic
emission mechanisms under study use photoelectric, field emis-
sion, secondary emission and plasma effects. They promise
to provide high current density, low power consumption, low
beam noise and instant starting. A few are already in use for
special applications such as high-speed x-ray photography.

By W. M. Feist and G. Wade, Raytheon

NEW THIN-FILM LOG I-F: Inductors Are No Problem. In-
ductors required in logarithmic i-f amplifiers -of tuned-stage
design are not compatible with thin film fabrication. This cir-
cuit uses untuned R-C coupled amplifiers, gives a 20 to 120-Mc
bandwidth at 10-db gain. Use of high-performance vhf chip
transistors makes it possible.

By R. Leslie and T. Townsend, AIL Division, Cutler-Hammer
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VOLTAGE MONITOR Needs Only Two Saturable Cores. This

“voltmeter”’ needs no moving coil. A power supply being moni-

tored is compared with a reference and the difference voltage
feeds control windings of saturable cores. When cores saturate,

a neon lamp lights.

By M. C. Herzig and D. C. Colbert, Electronic Communications 50

TUNNEL DIODES: How to Make Them Even More Useful.
Here is a novel contribution to  tunnel-diode circuit design.
Four diodes can be combined to produce a characteristic curve
with three positive-resistance regions separated by negative-
resistance regions. It makes a good tristable circuit or bipolar

pulse generator.
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CROSSTALK

Tunnel Diodes Revisited

WE'VE ALL HEARD the story of the child
prodigy who, after a brilliant pre-adolescent
academic career in which he reputedly performs
unheard of mental feats, carries the awed ex-
pectations of parents and friends into the wait-
ing world. Then he fades into obscurity, to be
discovered by an enterprising cub reporter forty
years later performing some dreary routine
bookkeeping task.

That could have been the story of the tunnel
diode. But the career of Dr. Esaki’s brainchild
appears headed for a much happier ending.

When the tunnel diode first made its appear-
ance in the literature five years ago, it was
hailed as the answer to a circuit designer’s
prayer. With one simple device, an engineer
could achieve oscillation, amplification, conver-
sion, switching and even combine some of these
functions simultaneously. In addition, the device
offered high-speed, high-frequency operation,
low power consumption, resistance to nuclear
radiation and temperature, small size, and light
weight! Small wonder that the drums began to
beat for the tunnel diode as the replacement for
the transistor and the panacea for all circuit
problems.

But then reality broke through and disillusion-
ment appeared. Circuit designers were just be-
ginning to feel comfortable with the low-im-
pedance design quirks of the transistor. Now
they were expected to accept with equanimity
a two-terminal device with no isolation between
input and output, coupled with the unfamiliar
concept of negative resistance. On top of this,
reports began to filter in concerning deterioration
of tunnel diode properties on the shelf, of in-
stability of diode characteristics, lack of uni-
formity from diode to diode. Gradually enthu-
siasm waned.

Although the manufacturing problems were
solved rather quickly, interest in the tunnel
diode was considerably diminished in 1961. But
over the last two years, we couldn’t help noticing
that the td has been making a quiet but effec-
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EARLY APPLICATION for tunnel diode was in GE’s
battery-operated chronometer, shown in foreground. In
the background is a 1365 clock

tive comeback and, without the hullabaloo ac-
companying its debut, is taking its rightful
place in the pantheon of semiconductor devices.

We thought that this would be an appropriate
time to reevaluate the tunnel diode as a design
component. We asked two experts, Eric Gottlieb
and John Giorgis, of GE’s Semiconductor Prod-
ucts department, to bring our readers up to date
on the latest applications and design techniques
using this versatile device. The result is a com-
prehensive four-part series beginning in next
week’s issue. It may well be the definitive work
on tunnel-diode circuit design.

You’ll find that the prodigy can be made to
live up to its childhood potentialities, provided,
as in all such cases, the talent is nurtured and
developed carefully, with allowances made for
personality quirks.
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now
available
for

immediate
delivery:

JERROLD
RF SWEEP
EQUIPMENT
...the industry’s
finest !

Model 9008
Super Sweep Generator

Wide plus narrow band in one
versatile instrument. Handles all
IF, VHF, UHF sweep require-
ments. Sweep widths from 10ke
to 400me. Frequency range from
600ke to 1,200me. Built-in crystal-
controlled harmonic markers, de
or ac scope preamplifier, precision
attenuator, $1,980.00

Model LA-5100
rf Log Amplifier

Accurate within *1db over 80db
dynamic range. Frequency range
500ke to 100me. Lets you make
exact measurements of attenu-
ation in networks, filters, ampli-
fiers with dynamic ranges down
to 85 db. Total rf response dis-
played in precise log ratio on
standard dec-coupled scope.
$798.00

Model 900A Wide-Band Sweeper
Sweep widths from 100ke to
400me. Frequency range from
500ke to 1,200me. $1,260.00
Model 707 Ultra-Flat Sweeper
Elatness of +0.06db in highest
single octave. Plug-in oscillator
heads. $840.00
All for immediate delivery. Prices
f.o.b. Philadelphia. Write for com-
plete technical data on these and
other Jerrold rf test instruments.

JERROLD

ELECTRONICS

Industrial Products
Division,
Philadelphia 32, Pa.
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COMMENT

Metric System

In spite of having spent the first
27 years of my life in a country
where the metric system is enforced
by law, I must admit that I am
strongly in favor of this strange
way of expressing physical meas-
urements.

The pulse that triggers this letter
was the Newsletter item about un-
derwater laser tests on p 7 of your
April 19 issue, where both meters
and feet are used separately and
together.

May I suggest a method that
might ease the inevitable conver-
sion to the metric system in this
country. The various measurements
mentioned in the article could have
been shown as follows: ‘“Under-
water tests show laser ranges up to
1,000 ft (305 meters) . . . about
150 feet (46 meters) are possible
. . . two five-inch (12.5-cm) diam-
eter . . . estimated at 150 ft (46
meters) . . . be about 1,000 feet
(305 meters). . ..”

Then after a few years of this,
you would reverse the terms like
this: “about 45 meters (148 feet)
are . . .two 12.5-cm (5-inch) diam-
eter. ...” A few more years of this
and the metric system could stand
alone on its own 60.69 em (two
feet).

FINN POULSEN

Arlington Heights, Illinois

P.S. In my eagerness to express
my views on the merit of the metric
system, I forgot to tell you that I
enjoy the range of articles you have
in the magazine, from decimal-to-
binary rotary switches and simple
transistor testers to space guidance
and telemetry systems. All in all,
A-OK.

Dichotomy

Congratulations on your editorial
highlighting the dichotomy existing
at the professional level in the field
of electronics. However, we feel
that you have incorrectly named the
two professions.

Engineering is a profession with
many branches, and the term of
engineer in the electronics field
should be applied to those whose

work is analogous to that in other
fields of engineering. It is true that
an engineer is an innovator; but
this does not place him necessarily
in the laboratory. Rather, he is the
man who takes scientific knowledge,
which may be the result of the re-
search of other men, and applies it
to produce a given result. This is
consistent with the old definition
which sees an engineer ‘“using men,
money and materials to advance the
welfare of mankind.”

On the other hand, the man who
applies himself to research, with
the desire “to find out why” rather
than “to achieve a result,” is a sci-
entist, and in the case of electron-
ics, probably a physicist.

To sum up, our contention is that
the man doing research into funda-
mental principles is a scientist; the
man reducing the results of such
research to practical form is an en-
gineer. It is obvious that both these
roles are necessary and worthwhile,
Further, they are complementary,
and at times overlap. A publication
such as yours is valuable because it
keps both these groups informed of
matters of common interest.

PETER H. GRIFFIN
ERIC G. WARREN
DANIEL B. SOOTHILL
Department of Civil Aviation
Waverton, N.S.W.
Australia

Radio-Interference Control

An unfortunate transposition
took place in the printing of my
article, Radio-Interference Control
—What it Means to Systems De-
sign (p 56, April 26).

The text is broken at line 6 of
column 2, p 58, and picks up at
line 10 of column 8, p 58. The cor-
rect text should read “. . . during
their discussions, the rfi engineer
reviews and evaluates the various
approaches . . .”

The transposed section, 44 lines
long, belongs after line 15 of column
1, p 59. The correct text should
read “. .. Af = 3 db bandwidth at
f.; f. = frequency to which the
preselector is tuned . . .” and end-
ing with “ . . the susceptibility
threshold is —97 dbm, which is
more than adequate.”

M. REVZIN
Loral Electronics Corp.
Bronx, New York
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Lambda announces ...
Jnew LE models ~  Eremeett

Eﬁe 106 0-18VDC 15 AMP ® LE 107 0-18VDC 22 AMP ‘P- LE 110 0-9VDC 20 AMP’W
s 1 .: ?ﬂ»,-' e 4‘&1 I 'I}T‘ 1

et T R g B
| 9 models available

COMPLETELY

Note these quality desngn feature | FRSTECTES

against—shart circvit and
electrical averlaad; input line
valtage transients; excessive
ambient temperatures. No
voltage spikes due to"'turn-on,
turn-off”’ or power failure.

CONSTANT VOLTAGE
CONSTANT CURRENT

by automatic switchover.

CONVECTION
COOLED

No>blowers or filters;
maintenonce free.,

REMOTELY PROGRAMMABLE
AND CONTINUOUSLY VARIABLE

Voltage cantinuously variable over entire range.
Programmable over voltage ond current range.

. LY Al TR L ’_f"u:* ‘ ‘ 4
| OTHER FEATURES

e All solid state.

o Adjustable outomatic current limiting.
e 0°C to 4 50°C ambient.

e Grey ripple finish.

® Ruggedized voltmeters and ammeters
per MIL-M-103048 an metered models, |

TS raltte ol “.";,A‘-‘*mm

WIDE
INPUT RANGE
Wide input voltage

and frequency range
—105-135 VAC,

45-66 CPS and

320-480 CPS in two
bands selected

by switch.

REGULATED VOLTAGE:
LE SERIES Regulation
(line and load)...... Less than .05 per cent or 8 millivolts
CONDENSED DATA (whichever is greater). For input
variations from 105-135 VAC and for
load variations from 0 to full load.
DC OUTPUT (VOLTAGE REGULATED FOR LINE AND LOAD)® Remote Programming ....50 ohms/volt constant over entire,
Model Voltage Range Current Range Price!? VOItage Zangey
LE101 0-36 VDC 0- 5 Amp $420 Ripple and Noise ........ Less than 0.5 millivolt rms.
LE102 0-36 VDC 0-10 Amp 525 Temperature Coefficient . .Less than 0.015%/°C,
LE103 0-36 VDC 0-15 Amp 595
LE104 0-36 VDC 0-25 Amp 775
LE105 0-18 VDC 0- 8 Amp 425 AC INPUT: .......... 105-135 VAC; 45-66 CPS and 320-480
LE106 0-18 VDC 0-15 Amp 590 CPS in two bands selected by switch.
LE107 0-18 VDC 0-22 Amp 695
LE109 0- 9VDC 0-10 Amp 430 PHYSICAL DATA: 3 .
LE110 0- 9 VDC 0-20 Amp 675 Mounting ............ Standard 19” rack mounting,
. . , i Size ........ LE101,LE 105,LE 109 3%"Hx19"Wx 16" D
D Prives are ok mrmictoced modate. Pocl roo® ith ruggediced MIL LE 102,LE 106,LE 110 5%"Hx 19" Wx16” D
dd suffix "M"’ odel be d add $40 he ” ” ”
xt‘:rr:d.pnc:u F :r moter‘:d 'rnnodeel:n:n’z lrro:tn pa:el contro‘lo a:id u:;inx LE 103'LE 107....... 7 Hx19"Wx 16%2" D
“FM" and add $50 to the nonmetered price. LE104 ............. 102" Hx 19" Wx 162” D

SEND FOR LAMBDA CATALOG.

LAMBDA ELECTRONICS CORP.

816 BROAD HOLLOW ROAD ¢« MELVILLE, L. 1., NEW YORK ¢+ 516 MYRTLE 4-4200

SALES OFFICES AND REPRESENTATIVES CONVENIENTLY LOCATED IN MAJOR CITIES
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SIMPLIFY

coq\munications
maintenance

he new & 3550A Portable Test
Set, designed specifically for
transmission system testing, is
especially useful for alignment and
maintenance of multichannel commu-
nication systems. It incorporates a 5 cps

Frequency Range:
Dial Accuracy:

Frequency Response:
Output Impedance:

Output:

Distortion:
Hum and Noise:

to 560 ke oscillator with fully floating ' cPerature Range:
output, a1l mv to 300 v 5 cps to 2 mc Range:
voltmeter, and attenuator and imped- ~ duengy Range

ance matching networks to individually
match the oscillator and voltmeter to
135, 600 and 900 ohm lines.

The solid state instruments are
housed in a compact case with a splash-
proof cover, and both the oscillator and
voltmeter operate from internal re-
chargeable batteries or from an ac line.
The three instruments may be used sep-
arately in or out of the case.

The oscillator provides flat frequency
response and excellent amplitude and
frequency stability. The highly accurate
voltmeter provides a db scale for easy
measurement —72 to + 52 dbm. The at-
tenuator and impedance matching unit
includes calibrate features to eliminate
insertion loss. Oscillator and voltmeter
batteries recharge during ac operation.

Check the specifications for the re-
markable versatility and convenience
of this test set, then contact your &
representative or call direct for a dem-
onstration on your bench or in the field. s

é CIRCLE 6 ON READER SERVICE CARD

Nominal Input
Impedance:

DC Isolation:
Noise:

Attenuation:
Accuracy:

Impedance:
input and Output:

Power:

Dimensions:
Price:

NEW
portable
test set
measures
gain,
attenuation,
frequency
response

SPECIFICATIONS

OSCILLATOR (® H07-204B)

5 cps to 560 kc, 5 ranges

+3%

+3% into rated load

600 ohms

10 mw (2.5 v rms) into 600 ohms, 5 v rms open circuit,
completely isolated

Less than 1%

Less than 0.05%

—20° to +50° C

VOLTMETER (& 403B)

0.001 to 300 v rms full scale; —72 to +52 dbm

5cps to2me .

0°C to 50°C, within = 2% of full scale from 10 cps to
1 mc, within = 5% of full scale from 5 to 10 cps and
1 to 2 mc (on 300 v range, accuracY is = 10% from 1 to
2 mc; AC-21A 10:1 Divider Probe allows measurements
to 300 v in the 1 to 2 mc range with an accuracy of

t:': 25%); 0°C to — 20°C, = 8% of full scale from 5 cps
02 me

2 megohms, shunted by approximately 40 pf on 0.001 v
to 0.03 v ranges, 20 pf on 0.1 v to 3 v ranges, 15 pf on

10 to 300 v ranges

Signal ground may be 500 v dc from external case
Less than 4% of full scale on 1 mv range, 3% on

other ranges

ATTENUATOR/PATCH PANEL

110 db in 1 db steps

10 db section, error less than =0.125 db at any step,
dc to 100 kc; less than £0.25 db, 100 ke to 1 mc.

100 db section, error less than +=0.25 db at any step

up to 70 db, less than 0.5 db above 70 db, from dc to
100 kc; less than £0.5db up to 70 db, less than +=0.75db
above 70 db, 100 k¢ to 1 me

600 ohms

50 cps to 560 kc; balance better than 40 db; frequency
response %0.5 db, 50 cps to 560 kc; impedance, 135, 600,
900 ohms center tapped. Input includes 10K bridging
impedance; insertion loss, less than 0.75 db at 1 kc;
maximum level 410 dbm (2.5 v into 600 ohms)
GENERAL

Voltmeter and oscillator each use a power supply of 4
rechargeable batteries (furnished, 40 hr. operation per
recharge [20 hours at —20° C], up to 500 recharging
cycles). Automatic recharging during ac operation
89%&’)’ &igh, 19%4” wide, 13%" deep. Weight 30% Ibs.

Data subject to change without notice. Price f.0.b. factory.

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000
Sales and service representatives in all principal areas; Europe,
Hewlett-Packard S. A., S4-S4bis Route des Acacias, Geneva; Canada,
Hewlett-Packard (Canada) Ltd.,, 8270 Mayrand Street, Montreal
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electronics NEWSLETTER

Superconductor Hits 101,000 Gauss

SUPERCONDUCTING magnet
has created fields up to 101,000
gauss in laboratory experiments,
GE says. This is the strongest
field vet reported for a super-
conductor, although earlier ad-
vances in materials and tech-
niques (p 18, March 1) indicated
that the 100,000-gauss barrier was
likely to be broken before the end
of the year. Previously, 75,000
gauss, achieved by Magnion (p 8,
May 10), was the strongest field
reported.

GE’s record-breaking solenoid
was made from 600 feet of 1/40-
inch-diameter niobium-tin conduc-
tor wound on a 3i-inch diameter
tube. The coil is approximately 2
inches long and 2 inches in diam-
eter. Currents as high as 266 amps
were applied and the temperature
was maintained at 1.8 K. Six ordi-
nary automobile storage batteries
were used as the power source. GE
says it has devised fabricating tech-
niques that circumvent niobium-
tin’s major disadvantage, extreme
brittleness. The material has a
critical field of 190,000 gauss.

Poland Constructs
Radio Factory in Cuba

BELGRADE—According to the War-
saw daily “Tribuna Ludu”, Poland
has completed construction of a
$8.5-million radio-receiver factory
at Rancho Bayoros, near Havana,
Cuba. All installations are of Po-
lish manufacture, the newspaper
said. The receivers to be produced
will be a counterpart of the Polish
“Figaro” sets. The new plant is
one of 14 different factories Poland
has agreed to build in Cuba.

Electron Beam Checks

Microelectronic Structures
APPLICATIONS of optoelectronic and
molecular techniques to micro-

electronic structures highlighted a
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closed meeting last month spon-
sored by DOD’s Advisory Group on
Electron Devices at Research Tri-
angle Institute, Durham, N. C.
Topics included: a low-level silicon
chopper activated by photon emis-
sion from gallium arsenide; the use
of phonon coupling in silicon struec-
tures, including a thermal flip-flop
structure; a scanning electron-
beam machine used as a nonde-
structive diagnostic instrument for
microelectronic structures. In the
latter, potential gradients associ-
ated with junctions and with fail-
ure modes are clearly indicated in
the image tube.

Long-Run Experiment
Shows Cryotron Utility

CAMBRIDGE, MASS.—A cryotron
thin-film memory-logic circuit in
continuous cycling at A. D. Little,
Inc. here had gone through 11
days of persistent-current operation
early this week. It is believed to be
the first time a cryotron device has
been operated in a closed-cycle re-
frigerator.

A total of 140 cryotrons are used
in the seven-level memory-logic de-

SATELLITE simulator at Westing-
house Air Arm simulates move-
ments of orbiting satellite. It’s bal-
anced on 12-inch, air-floated ball
bearing. Attitude iz changed by
small air jets, warm alvminum
dish overhead simulates earth

vice to demonstrate typical com-
puter circuit functions that can be
performed by cryotrons: clock,
pulse shaper, double-layer binary
counter, tree switch, and 32-bit
non-destructive memory (8 words,
4 bits per word). Information orig-

Foot Soldier Needs Better Power Sources

ARMY ISN’T saying anything officially, but it is dissatisfied that
power sources used by individual soldiers have not kept pace with
other advances in electronics, that there have been orders-of-
magnitude improvement in such areas as microminiaturization
but only a three-to-one improvement in power sources for field

use.

Roughly 75 percent of field failures of communications gear

is blamed on power supplies.

Army wants an efficient source of

150-w power, the average requirement for hand-held electroniecs.
Here's what the Army says is wrong with present devices:
Thermionic power sources are hot and inefficient; fuel cells

are not yet reliable or efficient in any practical size; nuclear

techniques require extensive shielding and reach prohibitive

weights rapidly; cadmium-class batteries aren’t efficient enough

and it is often two to three seconds before power is available.
In a recent radio design, the Army went back to its old standby,

the carbon-zinc battery




Instant X-Ray

BETATRON automated x-ray sys-
tem made for Redstone Arsenal by
Allis-Chalmers indicates flaws on
roll-chart recording instead of filn.
Photosensitive system detects flaws
in rocket (foreground) as differ-
ence in light output of sodium-
iodide crystals

inally stored has been read billions
of times. Only one word of the orig-
inal has been rewritten, demon-
strating the nondestructive char-
acter of the memory. The device
does not require an outside driver.
Speed of circuit can be varied by
varying oscillator speed from 50
Ke to 200 Ke. ADL researchers
say speed could be pushed up to
500 Ke.

Radio Inside Eye
May Probe Glaucoma

PASSIVE MINIATURE radio transmit-
ter placed within the eye of an ani-
mal or human being may provide a
revolutionary method for studying
glaucoma, suggests Prof. R. Stuart
Mackay, of the University of Cali-
fornia at Berkeley. The device
could indicate over the long run
what psychological and physical ef-
fects contribute to a buildup of
pressure within the eye, he said.
Glaucoma rlepends on such in-
creases in pressure.

Mackay said experiments carried
out at 60 Mc by one of his students,
Arthur Chen, indicate the feasibil-
ity of this method. Chen employed

the two perpendicular coil method
and, while sweeping the transmit-
ter frequency, noted the instant of
maximum response in the receiver
circuit.

Russian Describes
Soviet Plasma Work

DETAILS of several Soviet plasma
oscillators and amplifiers were
given ELECTRONICS last week by
Professor Z. S. Chernov of Mos-
cow’s Academy of Science, an ex-
change fellow at Brooklyn Poly-
technic Institute. He reported
gains of 40 to 50 db with 3-cm
waves amplified over a 15-cm path
with a 5 to 7T-cm discharge, and
gains of 20 db for 8-mm waves.
Soviet plasma amplifiers have
shown an output of 100 to 200 mw.
Studies have shown, he said, that
noise is not affected by the inter-
action between plasma and beam.
A noise factor of 30 to 40 db was
obtained in his amplifiers at a few
microns pressure, both with and
without the beam. Professor Cher-
nov believes that work on plasma
amplifiers should and will be con-
tinued. At the present, however, no
practical devices are in sight.

Cold-Cathode Source
Pumps Portable Laser

MOUNTAIN VIEW, CALIF.—Spectra-
Physics, Inc., reports successful op-
eration of a portable laser designed
for labs and classrooms that uses
a cold cathode d-c pumping source
instead of a conventional r-f
source. It consumes 5 w, gives an
output of 2 mw,

The company says high efficiency
is due to elimination of an r-f exci-
tation unit with its vacuum tubes
and associated power losses in
heaters. The device weighs 9%
pounds, compared with 55 pounds
for the r-f-pumped version.

The classic problem of ‘“clean-
up” of the helium-neon gas in the
laser tube was solved in part by go-
ing to a tube pressure of 5 Torr, or
about five times as high as normal.
Operating at 6,328 A, the confocal
resonator device will sell for “con-
siderably under $2,000.”

In Brief . ..

ARMY IS GOING ahead with the Kath-
ryn System, a flexible coding and
decoding system for high-fre-
quency intercontinental communi-
cation, designed to minimize in-
terference. Fort Monmouth has
just given General Atronics Corp.
a follow-on research contract for
$47,205.

RUSSIA SAYS a defect in the orienta-
tion system has resulted in loss
of radio contact with the Mars I
space probe.

NEW TYPE of radio noise was dis-
covered in signals telemetered
from a two-stage rocket launched
by Tokyo University. The low-
frequency half-periodic  noise
originates in space and is most
intense at 100, 17.44 and 5 Kc at
altitudes between 100 and 200
kilometers.

SYLVANIA is readying a plan under
which satellites will collect
weather and oceanographic data
from unmanned stations, buoys
and balloons.

RAYTHEON received $3.7-million
contract from the Army for
ABAR (Alternate Battery Ac-
quisition Radar) radars.

CONTROL DATA CORP. has acquired
Beck’s, Inc., printed circuit man-
ufacturer.

TELEPROMPTER Corp. is planning to
sell its electronics manufacturing
operations at Cherry Hill, N. J.
to a group in investors.

NAVY IS ISSUING a $1,568,188 con-
tract to Texas Instruments for
guidance control equipment and
airframes for the Shrike radar-
hunting and killing missile.

poD is selling its Value Engineer-
ing Handbook for 40 cents. It
will be available from the Gov-
ernment Printing Office, in
Washington.

TRANSISTORIZED marine radar
priced at $2,650 has been devel-
oped by Decca Radar Ltd. of
London. Its 3,000-w transmitter
uses a 4-foot slotted waveguide
antenna weighing 77 pounds.
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‘NOW
AVAILABLE

'WITH WELDABLE
LEADS

PERFORMANCE
REQINREMENTS

OFFER 5 DISTINCT
TEMPERATURE
COEFFICIENTS TO
MEET ALL CIRCUIT
REQUIREMENTS

FIL
ETAL

LONG TERM STABILITY

A

7 AVAILABLE IN
REEL PACKING
FOR AUTOMATED
PWB INSERTION

MISTOR
FILM RESISTORS

Providing close accuracy, reliability and stability with low
controlled temperature coefficients, these molded case
metal-film resistors outperform precision wirewound and
carbon film resistors. Prime characteristics include minimum
inherent noise level, negligible voltage coefficient of resist-
ance 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 Resis-
tors. This is especially important where they are used to
make highly accurate ratio dividers.

Filmistor Metal Film Resistors, in 14, 14, 15 and 1 watt
ratings, surpass stringent performance requirements of MIL-
R-10509D, Characteristics C and E. Write for Engineering
Bulletin No.7025A to: Technical Literature Service, Sprague

For application engineering assistance write:
Resistor Division, Sprague Electric Co., Nashua, New Hampshire,
SPRAGUE COMPONENTS

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

RESISTORS

CAPACITORS

MAGNETIC COMPONENTS
TRANSISTORS
MICROCIRCUITS
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INTERFERENCE FILTERS
PULSE TRANSFORMERS
PIEZOELECTRIC CERAMICS
PULSE-FORMING NETWORKS
TOROIOAL INDUCTORS

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
ELECTRIC WAVE FILTERS

SPRAGUE

THE MARK OF RELIABILITY

1Sprague’ and ‘@)’ are registered trademarks of the Sprague Electric Co,
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SENSITIVITY

Direct readout in:

gpm, rpm, pSi...

RATIO ONLY

OV AMS MAX

| - e T e it S e, - —

Measure, normalize, control. .. with the new

Today’s most versatile electronic counter,
in addition to measuring frequency
and period and totalizing:

measures normalized rate
measures normalized time (period)
measures ratio

measures normalized ratio
measures time for N events to occur

counts N events, providing an output pulse at the
start and end of the count

N may be set to any integer from 1 to 100,000

Gallons per minute, pounds per hour, revolutions per
second or minute — any event that can be converted
to an electrical pulse can be measured in the exact
units that are most helpful to your application. The
ability to select gate times on the hp 5214L Preset
Counter permits normalizing of any measurement.

For example, connecting a tachometer generator
to a rotating shaft produces an output which is ap-
plied to the counter. Presetting the counter gate per-
mits direct measurement of rps or rpm. Thus, if the
tachometer generator produces 100 pulses per revo-
lution, the gate would be set at N — 1000 (0.01 sec)
to measure rps or N — 600 (0.6) sec to measure rpm.

Besides making measurements common to most
universal counters, the 5214L measures N periods;

10

measures ratio; measures normalized ratio; meas-
ures time for N events to occur; counts N events. This
versatility is achieved by using two sets of decades,
one of which registers the signal being counted, the
other, which may be preset to any integer from 1 to
100,000 by front panel thumb-wheel switches, controls
the gate. The number N also may be remotely pro-
grammed. Separate output signals are available to
operate external equipment whenever the gate opens
or closes. Since the 5214L can count N events, it is
particularly useful in batching.

The 5214L measures ratio over a wide range of
frequencies and with a wide choice of normalizing
factors. The reading displayed is N x A/B x Multiplier.
Hence, input B can be used as an external time base
input for extending gate time or for normalizing an
input signal so that percent change of input signal A
may be read directly. The 5214L measures the time
in milliseconds for N events to occur—period and
multiple period measurements are made easily.

The solid state 5214L incorporates display storage,
for continuous display of the most recent measure-
ment and a flicker-free presentation on long life rec-
tangular Nixie tubes. The four-line BCD code output
with assigned weights of 1-2-2-4 is convenient for sys-
tems use.

Call your Hewlett-Packard representative for as-
sistance in applying the remarkable 5214L Preset
Counter to your particular measuring, recording and
control problem. He will offer a demonstration at the
same time.
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you name it!

FUNCTION

RATE  PRESET

T
| MULTIPLIER =~ HEwLETT ()
‘-a-.ai;:= ~IR— -'.rum

5214L PRESET COUNTER
PACKARD

hp 52141 UNIVERSAL PRESET COUNTER

SPECIFICATIONS

FUNCTIONS

Totalize (input A): Range, 2 cps to 300 kc; sensitivity, 0.1 volt
rms sine wave; 1 volt negative pulse, 1 usec minimum width;
gate time, manual control; input impedance, 1 megohm, 50 pf
shunt; capacity, 99,999 counts x Multiplier (1, 10 or 100);
check, counts 1 kc, 100 cps or 10 cps

Rate (input A):
10 usec to 1 sec, 10 usec steps

100 usec to 10 sec, 100 usec steps
1 msec to 100 sec, 1 msec steps

Preset (input A): Input frequency range, 2 cps to 100 kc; preset
range, 1 to 99,999; outputs, -30 volts to -1.3 volts transition
at gate opening and gate closing; check, 100 kc counted,
reads N

Time (input A): Input frequency range, 2 cps to 100 kc; reads,
time for N events in msec; period and multiple period, reads
time in msec for N periods; time base, 10 usec, 0.1 msec, or
1 msec; accuracy, 1 count + time base accuracy * trigger
error*; check, 100 kc counted, reads time in msec for N
cycles

Ratio (input A & B):
Input A: Frequency range, 2 cps to 300 kc o
Input B: Frequency range, 2 cps to 100 kc; sensitivity, 0.1
volt rms sine wave; input impedance, 1 megohm;
reads, NA x Multiplier; accuracy, = count; check,

B
reads N x Multiplier (requires an input to B)

TIME BASE STABILITY

Internal:
Aging rate, ¢ = 2 parts in 10¢
+15°C to +35°C, ¢ = 20 parts in 10¢
—20°C to £65°C, ¢ = 100 parts in 10¢
Line Voltage = 10%, ¢ = 1 part in 10¢
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GENERAL

Maximum Counting Rate: 300 kc**

Registration: 5 long-life rectangular Nixie tubes with display
storage

Sample Rate: Time following a gate closing, during which gate
cannot be reopened, is continuously variable from less than
0.2 sec to greater than 5 sec in rate mode

Operating Temperature: -20 to +65° C
Dimensions: 1634” wide, 3-13/16” high, 13%" deep

Printer Output: Output, 4-line BCD (1-2-2-4); 1-2-4-8 code on spe-
cial order; print command, step from -29 volts to -1 volt

Price: $1475
*Trigger error (sine wave) = g'::bzfr%cep:%::: for 40 db signal-to-

noise ratio. Trigger error decreases with increased signal amplitude
and slope.

**See detailed specifications under Functions
Data subject to change without notice. Price f.0.b. factory.

HEWLETT
PACKARD
COMPANY -

1501 Page Mill Rd., Palo Alto, Calif., (415) 326-7000. Sales and
service representatives in principal areas. Europe, Hewlett-Packard
S.A., 54 Route des Acacias, Geneva, Switzerland; Canada,
Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal, Que.
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PENTAGON
WILL GRADE
CONTRACTORS

NAVY SET
FOR MORE
BIDDING

USSR HAS BIG
DATA CENTER—
WHY NOT U. S.?

AEROSPACE SAYS
ITS CUSTOMER
ISN'T RIGHT

SHRINKING
PROFITS

12

WASHINGTON THIS WEEK

SOMETIME THIS SUMMER, the Defense Department will initiate

the “report card” system (Eirctroxics. p 10, March 1) for evaluating
performance of companies with at least $5 million a year in development
contracts. The records will influence future awards, target profits and
reports to the Renegotiation Board. Military project managers will pre-
pare six-month interim reports and a final one on contract completion.
After departmental review and investigation, comment by the contractor,
and further evaluation, reports will be centrally filed.

UNDER CONGRESSIONAL pressure, Navy is pushing plans to

minimize sole-source procurement of electronic equipment. Special
schedules for individual projects will provide timetables for delivery of
prototypes and drawings and for introduction of competitive bidding.
For example, Gilfillan is developing the AN /SPS-48 shipboard radar.
Navy will buy 14 production models this year and 7 next year, and also
have competitive bidding for 8 more next year. The AN/URC-32 h-f
shipboard transceiver and AN ' WRT-1 and -2 h-f shipboard transmitters
will go competitive. So will Collins Radio’s AN/PRC-38 vhf transceiver
but buying volume is still under study because the radio is a modification
of Collins’ proprietary commercial model.

SHOULD THE U. S. do like the USSR and centralize scientific and
technical data handling and processing ? A new ad hoe committee formed
by Rep. Roman C. Pucinski, of the House Education and Labor Com-
mittee, is raising the notion—and whispering up a giant data center
for Pucinski’s home town, Chicago. He is impressed by VINITI,
Moscow’s giant abstracting, translating and information-handling in-
stitute, and has introduced legisiation modeled on VINITI.

Testimony by information specialists before Pucinski’s group may
lead him to soft-pedal the approach. Favored are recommendations that
science-sponsoring agencies upgrade their own data programs, serve as
a focus for related nongovernment efforts and coordinate informally
through interagency coordinators like the White House’s Office of
Science and Technology.

PROVOCATIVE ANALYSIS of the aerospace industry’s unusual

—often hectic—relationships with its one big customer, the government,
is contained in a Stanford Research Institute study published by the
Aerospace Industries Association.

It says industry is peeved by over-regulation and administrative
bungling, by the Pentagon’s unsympathetic view of profit rates and
cost allowances, by mixing procurement with ‘“socio-economic goals,”
and by policy inconsistencies like the stress on incentive contracting
as opposed to Renegotiation Board actions. Aerospace producers are
asked to encourage the government to stop over-managing by ‘sug-
gesting simpler, more effective and less costly surveillance techniques.”

RENEGOTIATION BOARD'’S latest reports show that average
earnings of defense contractors, before renegotiation and taxes, dropped
from 6.3 percent of sales in 1956 to 3.1 percent in 1962.
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+—+—Allen-Bradley Type J Variable Resistors used .
T in constant impedance attenuators provide
(quiet, smooth control...at low cost! =

¢ — -
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| . I | I | i Type JJJ _ ! Type JJ

" Actual Size

%ctual Size
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Reproduction of actual machine piot of B In attenuators, which of these characteristics is most
Allen-Bradley 600 ohm Bridged-T atfe'"-: important to you —stability, or smooth control, or constant
ator, showing the uniform attenuation an a 5 . A

cohatant charGEtsristiEniripasihea obtain 1m‘pcdanc‘e. Not only will Allen-Bradley Type j‘ variable
able with such Type J varlable resistors. resistors give you all of these . . . but also long life and a

x = : high wattage rating in a remarkably compact structure.

+ —F— :

: S— The famous Type J solid resistance element—made by
- j: Ik A-B’s exclusive hot molding process— provides smooth con-
1 — trol at all times—you’ll never experience an abrupt change
in impedance or attenuation during adjustment.

ly
=

ATTENUATION IN DECIBELS

Allen-Bradley’s control of the resistance-rotation charac-
teristics during production assures the desired attenuation—
approaching calibration accuracy. And, the characteristic
impedance can be held to 109, throughout rotation—end to
end! The discrete steps inherent in all wire-wound units
are eliminated. Don’t forget—freedom from inductance
insures excellent high-frequency response.

=

The Allen-Bradley Type J variable resistors are available
in dual or triple units for use in attenuators rated up to 5
watts. For more complete information on these Type J
controls, please send for Technical Bulletin B5200B. Write:
Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4,
Wis. In Canada: Allen-Bradley Canada Ltd., Galt, Ontario.

QUALITY ELECTRONIC COMPONENTS |A LLE N = B RA_ D LE Y
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Responsibility:
Total capability...in support of aerospace programs USAF

Every facet of procurement, supply, maintenance engineering
and transportation in support of aerospace and weapons sys-
tems for the Air Force is now the supervisory responsibility of
the Air Force Logistics Command. The implications of such a
vast assignment strain conceivability.

Responsibility so widespread—coupled with needs so urgent—
demand the ultimate in preparation, experience and ability from
the scientists, the engineers, the people of many different dis-
ciplines who carry out this mission.

The accelerating development of technology in support of aero-
space and weapons programs and the immediate application of
the technology is the concern of the civilian-military team of
AFLC at ten different installations in various sections of the

country. Communications-electronics engineering and installa-
tion, inventory control, service engineering, a vast variety of
projects relating to the total aerospace program are the busi-
ness of every day at AFLC. The importance of accomplishing
this business with dispatch is overwhelmingly evident.

AFLC employment benefits include patent protection for inven-
tions, opportunity for advanced study, authorship credit on sci-
entific papers, honorary, academic and cash awards, promotion
based on merit, health and retirement benefit programs, low
cost life insurance, paid vacations and sick leave.

If your qualifications are appropriate, we would be interested in
discussing with you the unique career opportunities with Air
Force Logistics Command.

AIR FORCE LOGISTICS COMMAND

has immediate openings for engineers and
scientists in these areas. All positions offer full
Civil Service status and benefits.

STAFF ARCHITECT —Will be responsible for
conceptual design of facilities in which aircraft and
missile components are calibrated, overhauled,
repaired, assembled and tested.

ELECTRONIC ENGINEER —Will be responsible for
solving complex engineering problems involving
inertial guidance systems and stable platforms.
ELECTRONIC ENGINEER — Responsibitity will

involve the maintainability and reliability of electronic
missile guidance and support systems.

PROFESSOR OF ELECTRICAL ENGINEERING —

Will instruct at the USAF Institute of Technology
highest level courses in theoretical and

experimental electronics.

SUPERVISORY MECHANICAL ENGINEER —

Will direct staff in developing advanced packaging
and materials handling systems.

SENIOR OPERATIONS ANALYST —Will be responsible
for carrying out difficult analyses in supply,
maintenance, transportation, procurement,
planning and programming.

To arrange an early interview, direct your
resume or Application for Federal Employment
(SF57) with geographical preference and salary
requirement in strict professional confidence
to:

United States Air Force

AFSC-AFLC Joint Professional Placement Office
527 Madison Avenue, Dept. F, New York 22, N. Y,
An Equal Opportunity Employer
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How can you make a telephone remem-
ber numbers you often call and then dial
them for you?

Engineers at Bell Telephone Labora-
tories are solving this problem in more
than one way. One solution is the Card-
Dialer telephone shown at the right. Here
the required memory is in the form of
economical plastic cards which fit into a
slot in the telephone.

Each card contains a complete tele-
phone number punched out in a simple
pattern (see upper right). When a card
is inserted in a Card-Dialer telephone, the
recorded number is automatically dialed.
To do this, the telephone senses the code
on the card and generates a corresponding
train of dial pulses. These pulses are then
detected by central office equipment in the
same way as those generated by a regular
telephone dial. Simply by punching out
the necessary holes with a pencil, you
can prepare as many cards as you wish
for both local or Direct Distance Dialing.
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a card that
remembers

telephone numbers

and dials them
for you

The new Card-Dialer telephone is now
being manufactured for the Bell System
by the Western Electric Company.

As the card is pushed down, the square holes
engage sprockets which wind a spring. Then,
as the card emerges, it contacts plastic rollers
which detect the round holes and appropri-
ately actuate a pulse generator. The 2-out-
of-7 code is easy to use and does not require
a costly sensing mechanism.

Bell Telephone Laboratories

World center of communications research and development



ALBERT KELLEY (second from
right) with W. L. Doxey, Col. J. M.
Kimbrough, Jr., and E. A. Gerber,
of USAERDL. Kelley, director of
electronics and control in NASA's
Office of Advanced Research and
Technology, said that while an esti-
mated 70 percent of major space-
craft costs are for electronics, about
90 percent of flight failures arise
from electronic failures

Frequency Control Lags SSB

"Army wants better
frequency standards for
single-sideband use

By MICHAEL F. WOLFF

Senior Associate Editor

ATLANTIC CITY, N. J.—Need for
crystal frequency standards cap-
able of meeting the stringent re-
quirements of Army portable ssb
equipment and for more reliable
atomic clocks was emphasized at
the 17th Annual Frequency Con-
trol Symposium here last week.

Points were made by G. K.
Guttwein, O. P. Layden and F. H.
Reder, of U.S. Army Electronics
R&D Laboratory, who surveyed
progress and problems in quartz
crystal R&D, quartz crystal cir-
cuits and measurements, and atomic
frequency control, respectively.

New data on thallium and hydro-
gen standards were also reported at
the symposium. Reports indicated
that thallium may be more accu-
rate than the cesium-beam stand-
ards.

QUARTZ CRYSTALS —USAE-
RDL’s most pressing frequency
control problem is connected with
new ssb equipment. In suppressed
carrier ssb systems, maximum de-
viation between transmitter and
receiver frequencies should not
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exceed 50 cycles. At 70 Mc—high-
est frequency of present concern
—required frequency-control sta-
bility is 8.5 x 107

Guttwein said power consump-
tion must be reduced so stability
requirements could be met in small
frequency standards suitable for
battery-operated, portable equip-
ments. Power required for crystal
ovens is prohibitive so the crystal
should be used without an oven.
But temperature control difficulties
require more work on low-power
ovens, temperature-dependent ele-
ments in the oscillator circuit, and
direct electrical and mechanical
compensation of the crystal unit.

Suppressing spurious modes in
filter crystals is another problem.
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HETERODYNE DETECTOR

DOUBLE CAVITY for laser fre-
quency standard described by Gor-
don Gould, of TRG, would have two
independent laser oscillations going
through the same reflector. Ex-
pected accuracy of locking onto
center of spectral line is 1 part
in 10"

Better ways to design above 60
Mc are requird. Vhf crystal filters
are needed, particularly 250-Mc
filters for parametric up-convert-
ers.

Resistance to nuclear radiation
is also important. Early experi-
ments with pulsed nuclear re-
actors, showing crystals relatively
insensitive to radiation, were con-
tradicted in an actual nuclear
weapons test. Gamma rays caused
permanent frequency changes be-
tween 1.6 and 10 ppm.

ATOMIC CLOCKS—Poor reliabil-
ity is the main enemy of all clock
applications, Reder said. He wants
top priority given to extending
operational reliability to beyond 3,-
000-hour mtbf with 90-percent con-
fidence and to getting five years
average useful life. He also asked
for simpler basic design and better
production techniques to reduce
clock price below $10,000.

Two programs to provide users
with attractive hardware are:

e Tactical rubidium gas cell
clock is supposed to be delivered
this fall by General Technology
Corp. It will have outputs down to
1 pps, inaccuracy of 107", lack of
precision of 3 x 10, and long-
term instability of 5 X 10" under
reasonable field conditions.

e Production capability for
small, versatile high-performance
cesium-beam standards is to be

June 7, 1963 o electronics I




THALLIUM MEASUREMENT SYSTEM at National Bureau of Stand-
ards has phase-locked klystron loop to excite resonance

demonstrated by National Co. and
Varian under a three-service-co-
ordinated Air Force procurement.
This is also expected to slash beam-
standard prices through standard-
ized and simplified production
methods.

NEWS BREAKS—Technical de-
velopments arousing interest at the
sessions included:

e Preliminary evaluation of the
thallium-beam frequency stand-
ard (see illustration) reported by
R. E. Beehler, National Bureau of
Standards. It may offer improved
accuracy and precision compar-
able to cesium-beam standards.
Main advantage is that the con-
tribution to inaccuracy produced
by the magnetic C field is 1/50 as
large for thallium as for cesium;
main problem is that a more com-
plicated detector system is needed.

Beehler reported precision of
measurement typically 4 x 10
and occasionally 5 x 107 He esti-
mated accuracy could be made
significantly less than 1 x 107,
said work would be accelerated.

e Comparisonmeasurements
made by beating two atomic hy-
drogen masers, presented by
R. F. C. Vessot, of Varian. He re-
ported rms deviation for hourly
measurements over 45 days of 4.8
X 10, stability as measured
against Loran of 2 x 107 over §
to 6 days and systematic drift be-
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tween the masers less than 2 X
10™ per day. More work is needed,
but the maser may be the best
practical device in terms of short-
term stability.

eMicrowave pulse-coherent
technique that can be applied in
a gas cell to artificially narrow the
linewidth of the microwave res-
onance was described in a late
paper by Maurice Arditi, of ITT
Federal Labs. He said that for a
rubidium cell a linewidth narrower
than 15 cycles at 6,834 Mc had
been obtained with good s/n.

Because there is no light fre-
quency shift caused by pumping
light, long-term stability one
order of magnitude better than
present gas cells is predicted.

e Developments in quartz crys-
tals included showing for the first
time how to measure directly the
amplitude distribution of a shear
mode crystal (G. Sauerbrey, Tech-
nical University of Berlin), use of
parallel field excitation to elimi-
nate transients that occur when
crystal drive current or tempera-
ture is changed (A. W. Warner,
Bell Labs), an x-ray extinction
method that allows photographing
lattice imperfections and internal
stresses due to crystal vibrations
(W. J. Spencer, Bell Labs), and a
theory explaining the lack of in-
teraction in multiple electrode
filter crystals (W. Shockley, Cle-
vite).

e ) SR A
POTTER

annoumices

Ve
oSN

As part of our continuing effort to
serve the needs of the rapidly expand-
ing Electronic Data Processing field
we take great pleasure in announcing
the fact that our new printer facility

is now fully operational.

The new Printer Division building
increases our plant and production
capacity by more than 65%, enabling
us to provide you with faster delivery
and better service. For example, we
can now deliver our standard tape
transports in 4 weeks and standard
printers in 12 weeks from receipt of
order. If you require fast delivery—
with no sacrifice in performance or

reliability—write us today.

POTTER INSTRUMENT CO., INGQ.,

PRINTER DIVISION
East Bethpage Road « Plainview, New York

TAPE TRANSPORT DIVISION
151 Sunnyside Boulevard » Plainview, New York
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All solid state-5 digit readout—fast—quiet—$2795
An entirely new concept in circuitry design enables
Hughes to bring you a digital voltmeter equal or
superior in performance to devices priced at $3000 to
$4000 or more.

The Hughes 5000 Digital Voltmeter is an all electronic
solid state unitincorporating a new and unique voltage

to frequency converter* as the heart of the machine.
This device represents a breakthrough in the state of
the art and practically eliminates the use of critical
or trouble-making components. The result is a volt-
meter offering remarkable reliability, the highest
degree of accuracy and repeatability, and ease of
maintenance.

Compare these specifications with any voltmeter on
the market: Full 5 digit readout with .001% resolution.

These are the "critical” components

Accuracy of .01% of reading...in-line display...10 read-
ings per second from 100 microvolts to 999.99 volts.
Fully automatic. All for $2795. (See full specifications.
below.)

This remarkable unit is the backbone of a new line of
digital measuring instruments which possesses com-
plete capability for remote programming, printout, and
system integration with a minimum of interface prob-
lems. The basic unit possesses a flexible output capa-
bility which prevents obsolescence. All remote
programming and output driver circuitry is contained
on one plug-in card which can be readily changed to
meet a specific requirement. Under final development
are ratio capability and auxiliary. AC and ohms con-
verters. These devices, like the basic DC machine, are
designed for simple integration with existing scanner




in Hughes new digital voltmeter

and printout equipment to realize full system capability.
We would like to demonstrate the Hughes 5000 Digital
Voltmeter and prove to you that it is the best value on
the market. Write, wire or call Hughes Instruments,
2020 Short Street, Oceanside, California. For export in-
formation write Hughes International, Culver City, Calif.

SPECIFICATIONS Hughes 5000 Digital Voltmeter

Ranges: =+ 9.999 volts, + 99.999 volts, =+ 999,99 volts with full 5-digit
readout. Accuracy: + .01% of reading or 1 digit. Linearity: + .005%
of full scale. Resolution: 100 uV over entire lowest range. Input
Impedance: 1000 megohms on + 9.9999 volt scale, 10 megohms
on higher ranges. Features: Automatic polarity; automatic rang-
ing; 10 readings per second average. Faculty to incorporate auto-
matic programming and printout.
Mechanical:5.25" panel height with |

17" panel width. Detachable ears |

are provided for mounting in a &

" HUGHES AIRCRAFT COMPANY
standard 19" rack. *Pat. Pend. vacuum Tuse PrRDDUCTS DIV.

DIOITAL VOLTRETER

WOOWL. 00
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FORERUNNER of the TNDS sys-
tem iz North American Air De-
fense Command's big air-defense
display at Colorado Springs

AIR-SEA-SUB

Display Plots Naval Targets

Scaled-down version of
air-defense system goes
aboard Navy combat ships

By MARVIN REID
McGraw-Hill Warld News

DALLAS—Modified and scaled-
down versions of the air-defense
displays used by Strategic Air
Command are now going to sea.
The USS E'ssex has one system and
the USS Kearsarge will get another.

Called Tactical Navigational Dis-
play System (TNDS), the naval
system was specifically designed to
plot and record enemy surface, air
and underwater movements at sea,

and display them to ships’ officers
in real time.

The information, color-coded for
identification, is displayed on maps,
oceanographic charts, geographic
grid coordinates, or local tactical
grids. Among the operating modes
are:

» Relative: the ship is seen in the
center of the screen and targets are
displayed relative to the ship.

¢ Geographic: the ship’s posi-
tion, derived from the ship’s dead-
reckoning analyzer, is also shown
as a moving track.

e Navigational: this also shows
the ship on a moving track, but
interchanges the position of the
radar target and the ship, and pro-
vides a fix.

TNDS was developed by Ling-

[#]

Temco-Vought’s Temco Electronics
Display Systems plant, which has
supplied some 60 systems for
ground-air defense.

DATA GENERATORS—TNDS is
essentially a multichannel, two-
dimensional plotting system. Data
is derived from five radar repeat-
ers, a sonar repeater, the ship’s
navigational equipment and man-
ual inputs.

What information is displayed,
and how it is displayed, is deter-
mined by an evaluator who sits at
a console facing the screen.

The display is generated by a
battery of 10 projectors behind the
screen: six plotting projectors,
two spotting projectors and two
reference projectors.

PROECTOR PROJECTOR
S
4 OEFERENCE YOLTAGE SCALE CONTROL PREL
- REFERENCE VULTAGE nurw 4 FIXED 8E5, ]
] ~ oD w0, v |
X AMALOS YOLTAGE Enaon Sicwa [ FEEREAK
oA 4 - ad
o vaummvm ] ! - ™
) e DAL Y ' YouTAGe ST\ v
] PROJECTOR g MOTOR
X SYMBOL OR TRACK $POT scumg -V e MPLIFIER O VOUTAGE ) | assicomeenT | | X voLTAGE
SUBSYSTEM ] a SUBSTSTEM
[ % orrstr vourmae ] i noT conTaoL =
oo SuasstM [y omrser voonee | PowER ! — 3
e o [ srueot on Tascx spor | R0 X
2 we' SN MbSET ]
o3l 08 r H
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TROL PANEL MUMERICS cENERATOR STATUS FIXED  vARARLE L Jq“
8 geoemcs s J“"—_,_T:,mm MFENNCE  REFNNCE
AND OFFSET CONTAOL T SUSYSTEM X TME SYMOOL B TRACK IF
T A0 TRAGK © REOVEST | KONTROLLOGIC PLOT CONTROL
REFERENCE ﬂq&l.f'&'l ¥ TIME SYMBOL & TRACK 10
-V +v, T VOLTAGE SUMMING AMPLIFERS'
28 voC FROM PowiR SuPeLy | MaNuAL OATA ENTRY PANEL | 2
yE—Y:
AOTTG S0M0 . X VOLIAE [T 'n;‘nn.;- Copemart ¥ VOLTAGE
i LA
CONTAL X RFENENOE YOLTAGE mvmmua Vv SICTOR, | TIME & TRACK 10 REQUEST
SCREEN QENERATOR, PUSH uli ML TO TIME SUBSYSTEM
0y oAt |y senenee vourace | BUTTON MO Fo + REFERENCE FIRED T Al yaanien | SYMBOL. OFFSET ANG TRACK SPOT RCUMEST 3
ST CONTI0 Gt nis "l —
svumouceneratorstans | o' S0 e a8 | srasox pesTinanon comaos
OFFSET CUNTRLS) TO THIE AND SYMBOL SUBSYSTENS
Ll s TO PLOY CONTAOL WPVTS OF PROIECTOR ASSKNMENT W
X YOUTAGE
sonr |
i . xaY SORAR SYNCHRO AIPUTS
([ b e S e =] 3 PORTION DATA ¥ VOLUME
$m. COMVERTER PANEL | 1 SH POSITION VOLTAGE conveRTeR 0 SRR MPLIER
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COMPLETE OPERATIONAL ORGANIZATION of the Tactical Navigational Display System. All inputs, plus a
typical plotting channel are shown
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Target tracks are plotted auto-
matically, from position signals
that are generated when the re-
peater operators position their
range strobes and cursors. Sym-
bols identifying the targets are
applied to the screen and manual
inputs put additional information
on the tracks.

HOW A CHANNEL WORKS—AII
channels are similar in operation.
Here is how one displays a radar
target:

When a radar operator positions
his cursor over a target on the ppi.
X and Y-coordinate voltages are
automatically generated. An alert
switch on the radar keyboard sig-
nals the evaluator—through a
light on the alert panel—that in-
formation is available and waiting.

If the information is required
for the plotted image on the
screen, the evaluator may assign
one of the plotting projectors to
that radar. The coordinate volt-
ages are fed to servo amplifiers in
the projector's control unit and
drive a plotting stylus to the cor-
rect position on a slide in a series
of slides in the projector.

In the navigational mode, the

.

AUTOMATIC PLOTTING system
replaces hand drawing of target
tracks and data. Artist’s rendering
of TNDS shows, from left, repeat-
ers, evaluation console and manual
tnput board
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X-Ray Vidicon

X-ray TV image of metal-ciad transistor and encapsul-
ated diode—a typical non-destructive testing application.

High quality-static and in-meotion-
X-ray TV images...

The New ML-589 DYNAMICON is a 1* x-ray-
sensitive vidicon camera tube which is capable
of providing high contrast images with detail
resolution down to 0.0005”, and penetrameter
sensitivities up to 2%, when used with an ade-
quate CCTV system and x-ray source. Magpnifi-
cations to 50X are easily obtainable. ML-589 is
particularly suited for non-destructive testing and
biological applications, permitting both static
and in-motion examinations of small encapsulated
components and materials such as plastics,
ceramics, steel, aluminum, and rubber.
For complete details write

The Machlett Laboratories,
Inc., Springdale, Conn. An

electron tube

affiliate of Raytheon Co. specialist
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 a Morris Bean casting, we'll
_replace the casting and pay

you for fost machining time

o p v

< ¢ -y " Py . & .
request free Resources and Capabilities booklet
MORRIS BEAN & COMPANY, YELLOW SPRINGS 8, OHI0
aluminum and ductile iron foundries
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polarity of the X and Y voltages
are reversed.

The evaluator assigns a color to
the track, the stylus contacts the
slide and the image is projected to
the screen. If a continuous track
is desired, the radar operator puts
the plot control switch in con-
tinuous position and the stylus
follows the cursor as the radar
operator tracks the target.

With pushbuttons, the evaluator
can identify the track with geo-
metric symbols, time of day and
track number.

Display scale can be 20,000
yards an inch, 15,000 yards, or sys-
tem scale. The system scale is a
potentiometer-controlled adjust-
able scale ranging from 500 to
10,000 yards an inch.

A manual plotting board can be
employed. This usually involves

TARGET TRACKS are identified
with symbols, numbers and position
times

maps and charts. In this case, the
plotting stylus in the projector
follows the position of a tracing
reticle over the information to be
displayed.

Tv Set Size Shrinks

Two firms introduce
11-inch portables
selling around $100

BOTH GE AND ADMIRAL have
made it official: their new home en-
tertainment electronics lines will
include lightweight, 11-inch televi-
sion sets.

Both sets provide 60 square
inches of picture area, both have
earphone jacks for private listen-
ing, both come in polypropylene
cabinets. GE has its set priced at
$99.95. Admiral says its 11-incher
will be competitively priced.

Among design features in GE’s

GEJT/EFI04
3RO-F

1726478
VIDEO ANP

300
PEAK PICTURE

PEAK PICTURE control circuit
used by Zenith to improve pictures

set is a new transistor continuous
uhf tuner. The company says the
set is available in vhf-uhf all-chan-
nel models. Admiral also announced
a $399.95 color-tv table model.

The two companies were among
four introducing their new con-
sumer electronics lines during the
last two weeks. Others are RCA and
Zenith. RCA has made numerous
styling changes and refinemenents
in its lines and introduced a 16-inch
black-and-white portable tv priced
at $129.95. It has 21 color models
listing at $495 to $1,700.

Zenith has several design fea-
tures in its tv line. One is auto-
matic fringe lock (ELECTRONICS,
p 49, May 3). Another is a new
tuner that can accommodate any
mixture of 12 vhf or uhf channel
strips and provides for continu-
ously variable uhf tuning with or
without remote tuning.

A peak picture control (see dia-
gram) uses a variable resistor to
change video detector load resist-
ance for black-and-white sets or de-
generation in screen video amplifier
of color receivers. This, says Zenith,
makes pictures lacking high-fre-
quency response appear crisper or
introduces smear to improve snowy
pictures in fringe areas.

June 7, 1963 o electronics



hee’s business out there.

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. Butin 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-

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 g
your city, or Washington 25, D.C. They are ready to @
help you grow with America! s

NOW’S THE TIME TO GET GROWING IN A GROWING AMERICA!
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Big Printed-Circuit Fight:
Technograph Loses Round 1

By DAN SMITH, Assistant Editer

AFTER DELIBERATING more
than a year, a federal judge in
Baltimore last week handed down
the first legal decision on one of the
most far-reaching patent fights in
the history of the electronics in-
dustry. Judge R. Dorsey Watkins
ruled that Bendix has not in-
fringed rights claimed by Techno-
graph for the manufacture of
printed circuits. He also said that
the patent claims of Technograph
that were specifically at issue in
this case are invalid.

NEXT CASE—But the fight is not
over. Technograph plans to ap-
peal the ruling and bring to trial
in different U.S. District Courts
similar suits against other com-
panies. The cases of Packard Bell,
to be tried in Los Angeles, and Ad-
miral, in Chicago, are the most
likely to come to court next. If
Technograph should be successful
in winning one of these, the matter
would automatically go to the Su-
preme Court for a ruling.

If it lost, Bendix would be
liable for “a million dollars or two”
in past royalties plus possible fu-
ture fees under the Technograph
claims, according to Harold J.
Birch, a Washington, D. C., attor-
ney who represented Bendix in this
matter. Bendix so far has spent
about $250,000 in legal fees and re-
lated costs on the court case, Birch
said.

There is much more money at
stake—$20 million would be a con-
servative estimate, according to
Hubert L. Shortt, president of
Technograph Printed Electronics,
Inc., a U.S. corporation affiliated
with the British firm, Technograph
Printed Circuits, Ltd., both of
which are named as plaintiffs in the
Bendix case.

71 MORE—Technograph has suits
against 71 other firms, plus the
U.S. government, for allegedly in-
fringing its patent rights on
printed circuits. The firms (see
panel) almost make up the blue
book of the industry.

Reaction to the Bendix decision
among companies already licensed

Federal judge rules
that Eisler patent

claims are invalid

by Technograph (see panel) was
generally cautious. Patent counsels
said they would need time to study
Judge Watkins’ 154-page opinion.
One attorney commented: “I think
much of the steam has gone from
Technograph’s drive.” But another
said: “I don't think our policies
will be much affected.”

Technograph has received more
than $1.5 million in royalties from
firms it has licensed, according to
Shortt. But it has not always been
able to hold firms after the original
license agreement ran out. Accord-
ing to Birch, who is also counsel for.
RCA, RCA paid Technograph $75,-
000 in royalties over a five-year pe-
riod but let its license lapse when
it ran out in 1960. Burroughs told
ELECTRONICS it had had a three-
year agreement with Technograph
but had not renewed it when it ex-
pired last December.

DESCRIPTION OF PATENTS—
The patents involved in the Tech-
nograph suits were originally filed
by Paul Eisler, an Austrian who
emigrated to England in the 1930’s.
Judge Watkins ruled on Claims 1
and 2 of Patent 2441960; Claims 1,
2, 6 and 7 of Reissue Patent 24165
and Claims 4, 5, 10, 14, 15 and 16
of Patent 2706697.

WHO 1S SUED, WHO ISN‘'T
Patent 24165 is the broadest of

the three, claiming complete rights
over the manufacturing and assem-
bling of printed circuits and asso-
ciated components. Patent 2441960
is directed to the manufacture of
circuit boards where crossover con-
nections are involved and Patent
2706697 is directed generally to the
negative or metallic-resist process
of making printed circuits.

In his opinion, Judge Watkins
says “. .. that the patents were in-
valid in view of the prior art when
the available literature, both pat-
ents and publications, not cited, is
considered, and also the ability of l
persons unaware of the alleged in- |
ventions to reach the same results |
by the same means. The Court has 1
no hesitation in holding the pat- |
ents, and the claims in suit, to be
invalid.”

Technograph says it has filed svit against the follawing firms: Admiral, Ameri-
can Bosch Arma, Arvin Industries, Avco, Beckman Instruments, Bendix, Boeing,
Bureau of Engraving Inc. and Colbuk Inc., Cohu Electronics, Computer Control
Co., Inc., Consolidated Systems Corp., Croname Inc., Cubic Corp., Cutler-Ham-
mer, Daystrom, Digital Equipment Corp., Electralab Electronics Corp., Electralab
inc. and Farrington Manufacturing Co., Electro Instruments Inc., Electronic
Associates Inc., Electronic Engineering Co. of California, Electronic Specialty
Co., Emerson Radio & Phonograoph, Epsco Inc. and Monitor Systems Inc., Gates
Radio Co., General Dynamics, GE, General Motors, General Telephone, Gen-
eral Time Corp., Goodyear Tire & Rubber, Hazeltine, Hewlett-Packard, Hoff-
man Electronics, Hughes Aircraft, Indiana General Corp., International Resis-
once Co., ITT, Laboratory for Electronics, Lear Siegler, Ling-Temco-Vought,
Litton Industries, Lockheed Aircraft, McDonnell Aircraft, Magnavox, Martin-
Marietta, Melpar, Methode Electronics, Minneapolis-Honeywell, Non-linear
Systems Inc., North Electric Co., Northrop Corp., Pacific Mercury Electronics
Inc., Packard-Bell, Philco, Radiation Inc.,, RCA, Raytheon, Ryan Aeronavtical,
Sanders Associates, Sperry Rand, Systron-Donner Corp., Tatnall Meosuring
Systems Co. and The Budd Co., Thompson Ramo Wooldridge, Trav-ler Indus-
tries, United Aircraft, United-Carr Fastener, Warwick Manufacturing Corp.,
Webcor, Western Electric and Westinghouse.

Technograph says the following firms are its licensees in the U. S.: Alvic
Products Co., Amerace Corp., Ampex, Baldwin-lima-Hamilton, Bell & Howell,
Collins Radio, Consolidated Electro-Dynamics, Ditto, Inc., Eastman Kodak,
Formica Corp., General Precision, IBM, Link Aviation, N tional Cash Register,
National Vulcanized Fiber, North American Aviation, Photocircuits Corp.,
Texas Instruments and ACF
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MINIATURIZATION in
MICROELECTRONICS

SUPER SOLID CARBIDE
MICRO-MINIATURE DRILLS

go right to the heart of
the problem . ..

SUPER SUB-MINIATURE
SOLID CARBIDE DRILLS
IN MICRO-SIZES

NEVER OFFERED BEFORE!

Previously made by Super in wire sizes

to #80 (.0135”) List 202, these solid
carbide drills are now available in
millimeter diameters from .34MM (.0134")
including twelve sizes smaller to

«23MM (.00917) List 202,

\ - = (
% '
MM Diameter

Sta e s It is important to note that special equipment with definite
accurate set-ups are required in the use of these items, |
34 0134% $ 5.25 Those of you who are familiar with miniature drilling tech-
33 0130” 5.50 niques are aware of the fragile nature of these items and l
32 .0126" 6.00 the personal care required. Should you have applications !
31 .0122" 7.00 which may require these SUB-MINIATURES, kindly request
Yy
.30 01187 8.00 our technical assistance which can be furnished promptly
.29 01147 9.00 throughout the United States and Canada.
4
28 '0”0” 10.50 Super is also a leading producer of Solid Carbide Circuit
a7 '0]06” 1275 Board Drills in general use throughout the electronics ine
26 0102 14.00 dustry, our List 202 CB — Wire Sizes.
25 .0098" 15.50
24 .0094" 15.50 Kindly request General Catalog 68 detailing these and other associated
23 0091 15.50 items of interest throughout the electronice and metal cutting industries.

/2 SUPER TOOL COMPANY

DIVISION OF UNIVERSAL AMERICAN CORPORATION B ELK RAPIDS, MICHIGAN
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Prime contract awards
next month will launch

$1/4-billion project

By JOHN F. MASON

Senior Associate Editor

WASHINGTON — The military
communications satellite program
is expected to get moving next
month when program definition
phase contractors submit the re-
sults of their two-month studies to
the Defense Communications
Agency.

If the Defense Department’s Di-
rector of Defense Research and
Engineering decides to go into full-
scale development of the experi-
mental network—as is expected
-—USAF will select a prime con-
tractor from one of its two study
teams to build the satellites, and
Army will name one of its three
teams to build the transportable
link terminals for the ground.

The program will cost up to $250
million and will be completed by
1965.

The satellite contractors, which
are responsible to the Air Force
Systems Command’s Space Sys-
tems Division (SSD), are General
Electric and a joint venture con-
sisting of Philco and Space Tech-
nology Laboratories. The ground
gear candidates, supervised by the
Army Satellite Communications
Agency (Satcom), Fort Monmouth,
N. J.,, are RCA, Sperry, and
Hughes.

Besides developing the space-
craft, Air Force’s SSD will inte-
grate it with an Atlas Agena

26

SATCOM’S Test Operations Cen-
ter, Fort Monmouth, N. J., will
manage the communications ex-
periments

USNS KINGSPORT, equipped to
track Syncom, will be modified and
used for military net

DOD Satellite Net Set

booster system, conduct the launch,
tracking, command, and control
functions necessary to place the
satellites in orbit.

HOW SYSTEM WILL WORK—
The development system will con-
sist of from 20 to 30 satellites or-
biting the earth in several polar
orbital planes at altitudes of from
5,000 to 10,000 miles. A single
booster will launch from five to
seven satellites, separating each
one at slightly different velocities,
causing them to spread out along
the orbit in random fashion.

Since one satellite at an alti-
tude of 5,000 miles is visible to
two ground stations 8,500 miles
apart, the system is expected to
provide all areas of the earth ac-
cess to one or more of the satel-
lites most of the time. Minimum
elevation of ground antennas will
be seven degrees above the horizon
to avoid poor transmission.

FEW CHANNELS—AIlthough the
military communications satellite
system will use much of the demon-
strated technologies of the Tel-
star, Relay and Syncom programs,
there will be basic differences be-
tween these commercial type sys-
tems and a military network. Com-
mercial satellites must provide
hundreds of standard voice chan-
nels or one or two tv channels,
while a military system needs rela-
tively few channels for voice, tele-

typewriter and digital data. The
first development satellites will
provide only two voice and two
teletypewriter channels.

The military satellite will be
about 90-percent transistorized,
it will be lightweight, and de-
signed for long life. It will operate
continuously whereas Telstar and
Relay were turned on and off.

MOBILE TERMINALS — Com-
mercial sytems require large per-
manent terminals conveniently
situated to concentrations of popu-
lation. Some ground stations will
be controlled by foreign govern-
ments. Terminals for military sys-

tems must be rapidly transport-

able to remote areas, such as
underdeveloped countries where
few if any communication systems
exist. They require anti-jamming
capability through higher transmit-
ter power and a much greater ratio
of frequency bandwidth to infor-
mation bandwidth than is normal
for commercial use. They must be
survivable under physical or elee-
tronic attack.

Unlike synchronous satellites
which hover over one spot on the
earth, medium-altitude, random
satellites move quickly and must
be constantly tracked. They will
carry a beacon for this, or else
rely on the communications car-
rier frequency itself.

TRAFFIC CONTROL—A big prob-
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AIR-TRANSPORTABLE ground
terminals may be similar to this
30-ft digsh, 11-vehicle system built
by Bendix for Syncom

for Awards

lem, for which definition phase
contracts will be awarded next
week to two or more companies,
is how this world-wide, fast-mov-
ing, multi-station network can be
controlled. A satellite communica-
tions control center, or centers,
must provide each ground station
with advance data on the time and
location each satellite will appear
over the horizon, and with the
satellite channels available at any
given moment. The magnitude of
this contract depends on the com-
plexity of the system finally
selected.

EXISTING FACILITIES — Army
ground stations that will be used
for the military development sys-
tem include four that are now be-
ing used for the National Aero-
nautics and Space Administration’s
Syncom satellite: 60-ft dishes at
Ft. Dix, N. J. and Camp Roberts,
Calif., the converted Liberty ship
USNS Kingsport equipped with a
30-ft antenna, and an air-transport-
able terminal built by Bendix and
located at Lakehurst, N. J. The
Bendix terminal is contained in 11
vehicles and uses a 30-ft parabolic
reflector. A similar system, by
Bendix, is being checked out.

Other existing terminals that may
be used include another air-trans-
portable system by Bendix, now be-
ing checked out, and two ITT ter-
minals at Camp Roberts, Calif. and
Nutley, N. J.
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Proof! 1 amp avalanching in less
than 1 nanosecond at 1 megacycle

High amplitude, high rep rate, fast rise/fall times are features of
TI’s Model 7101 Avalanche Pulse Generator. Voltage amplitude is
variable to +50 volts into 50 ohms, rise/fall times are less than one
nanosecond, repetition frequency is variable from 100 cycles to one
megacycle. Ideal for advanced applications such as
thin-film work, the 7101 furnishes selectable width
pulses by means of plug-in modules from 5 to 100
‘nanoseconds or by external charge lines. Delay with
respect to sync pulse is variable from 40 to 400
nanoseconds. Like all TI pulse generators, the Model
7101 is compact, lightweight and portable, extremely
convenient to use. Circuitry is all solid-state. Write
for complete information.

5\ TEXAS INSTRUMENTS

GROUP INCORPORATED
P. O, BOX 66027 HOUSTON 6. TEXAS

INDUSTRIAL

SBENSING « RECORDING « TESTING + DIGITIZING INSTRUMENTS
THE INBTRUMENTS OPF TEXAS INSTRUMENTS
sot
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Model 118 Continuous-Wave Gas Laser

WHAT
TO LOOK FOR
IN A

LASER

A laser is more than a beam of light, more than '
just a laboratory toy. Just how much more depends
upon what you look for. These parameters of CW
gas lasers are worth your looking into:

Wavelengths Wil one or two be sufficient? The
Perkin-Elmer/Spectra-Physics Model 115 provides
5"3'3?2 i/isible and infrated: 63284, 11,5234, and |

Power Is specified power for multi-transverse
mode or single transverse mode wavefront? Most
lasers are incapable of operation in the lowest
order transverse mode. The Model 115 produces at
least one milliwatt of power in a uniphase, lowest-
order mode. This specification is also a measure of
optical quality.

Adjustability Can you make precision adjust-
ments of both resonator length and reflector angle?
The Model 115 resonator is precisely adjustable
over 2 cm in length and adjusts in reflector angle
to 0.1 arc second resolution.

Precision in construction and alignment - A good
test is whether it is possible to operate the faser
in the plane-parallel resonator configuration. This
is also a revealing index of the laser's stability.

Exciter Is it designed specifically for laser use?
If it is, as in the Model 115, control will be simpler
and you'll avoid problems arising from misadjust-
ment of needless controls.

Warranty s the laser guaranteed? Who made it?
How many has he made? Who's now using them?
Over 70% of all commercial CW gas lasers in use
today were developed and ﬁroduced by Spectra-
Physics, The Model 115, backed by an unmatched
continuity of experience and user-proved perform-
gnge), carries a complete warranty (including plasma
uvbe). ‘

Price Most lasers are worth what they cost; you
can buy some for under $1000. But if you want the
quality and serviceability of a precision laboratory
instrument, you'll find the Model 115, with a price
tag of $4650, to be the best value available today.

DEMONSTRATION Have you seen the Model 115
in operation (or the higher-powered Model 112)?
Drop us a note (or call collect) for a demonstration
in your lab. Meantime, we'd like to send you our
newest product brochure and put your name on the |
list to receive future applications bulletins.

e

SPECTRA-PHYSI'CNg

738 Terra Bella/Mountain View 3 /California
(415) 9684467
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Two-Tube Color Camera

Omne image orthicon
handles color, other
18 luminance pickup

TOKYO—Japan’s answer to the
new four-vidicon color-tv cameras
developed in the U.S. may be a
camera using only two image orthi-
cons and a special filter to generate
NTSC color signals.

The two-orthicon camera is now
in development at the Technical Re-
search Laboratories of NHK, Ja-
pan’s government broadcasting sys-
tem. An experimental prototype in
operation at the lab produces pic-
tures that are “quite promising.”

The U.S. cameras add a fourth
vidicon as a luminance tube to
sharpen color and black-and-white
picture quality (ELECTRONICS, p.
42, April 12)., NHK’s camera also
has separate luminance and color
pickup, plus the added prospect of
being only two-thirds the size of
conventional cameras using three
image orthicons.

Other advantages claimed for the
camera are:

e Improved resolution and signal-
to-noise ratio for better color

o Improved black-and-white com-

patibility, improved color shading
and stable white balance

¢ Possibility of good color trans-
mission with relatively low illumi-
nation, about 2,000 lux

» Registration adjustments is
simplified by using only two tubes.

OPERATION — A half-silvered
mirror directly behind the front
camera lens (see diagram) splits
the incoming light from the scene
being televised into two parts. Half
of the light falls directly on the 4}
inch image orthicon of the lumi-
nance channel. The other half goes
through an optical filter with alter-
nate vertical stripes of the three
primary colors. The filtered image
strikes the color-channel’s 3-inch
image orthicon.

The vertical stripes of primary
colors in the optical filter cause the
output of the image orthicon to be
a sequential color signal. The three
primary color signals are separated
in a gate circuit and passed through
low-pass filters to obtain a three-
color simultaneous color signal.
Color signal bandwidth is 500 Ke.

IMPROVED FILTER—Generation
of the gate pulse is the camera’s
most difficult design problem. Dur-
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LOW COST
INSURANCE
AGAINST
TRANSIENT |
VOLTAGE |

NOW AVAILABLE IN A COMPLETE LINE OF CELL
SIZES CAPABLE OF HANDLING UP TO 300 AMPS
DISCHARGE CURRENT

Increase circuit reliability at lower cost . . . reduce the possibility of
expensive equipment breakdown! With G-E Thyrector Diodes, design
engineers can now know the values to which transients will be limited
in their circuit, can select silicon and germanium components rated
to operate under known transient values, and can select their com-
ponents according to actual design requirements instead of using over-
rated devices.

G-E Thyrector Diodes are specially manufactured selenium semi-
conductors whose reverse characteristics have been designed to provide

DIODE

a sharp I vs. E trace, making them ideal for voltage surge suppression

applications. They offer instantaneous voltage response, relative insen-
sitivity to temperature, non-linear resistance and stability with use.
Unlike selenium rectifiers, Thyrector Diodes in AC shunt protection
circuits do not age, so they offer transient voltage protection for a
virtually unlimited period of time. Six basic Thyrector Diode types
are available with shunt protection current ranges from 7.5 amperes to
300 amperes. And one Thyrector Diode can often save you 10, 20, or
even 40 times its cost!

INSTANTANEOUS VOLTAGE RESPONSE

TYPICAL CIRCUIT:
TRANSIENT DEVELOPED N SUPPLY LINE /

AC THYRECTOR
SUPPRESSED TRANSIENT
400 VOLTS PEAK

UNSUPPRESSED

TRANSIENT VOLTAGE
VOLT PEAK-1500

RECURRENT PEAK-220

L 1 1 APPLIEO VOLTAGE-150

e e, ————— .

: :!;diﬁo-l' (.;omponénn Dopartmbont, Soc'ionY16:65-R 1: Avallable through your G-E

I eneral Electric Company, Auburn, New Yor! . o .

: ;:o:u send me FREE complete information on General Electric Thyrector i semlconductor Dlstrlbutor

i odes.

: Name Job Title i

e ! GENERAL@D ELECTRIC
Address. I

: City Zone State }

L_____________________________4
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MALLORY PACKAGED
RECTIFIER CIRCUITS
CUT YOUR COSTS,
IMPROVE RELIABILITY

A Mallory doubler or a full-wave center-tap package stability. All come in ratings from 50 to 600 volts.
costs less than two rectifiers . . . a Mallory full-wave g .00 1ated models, with cold case design, include
o L thap four rectifiers. Type FW full-wave bridge, rated 1.0 ampere at 100°
You have fewer pieces to handle, fewer soldered C; Type VB voltage doubler, rated 0.5 ampere at
connections to make. At a labor rate of $1.60 per hour, 10’00 C: and Type CT full-wave center tap, with
for example, you can expect additional savings of $300  gither positive or negative polarity, rated 1.0 ampere
on your production line for 25,000 doubler packages, at 100° C. New economy-priced packages, rated for
compared to 50,000 single rectifiers. And you reduce 85° C, include the Type VBM doubler with 0.35
your purchasing, handling and stocking expenses. amper;a rating, and the Type CTM full-wave center
Circuit reliability is increased, because of the redue-  tap circuit, rated 0.70 ampere.

tion in soldered connections . . . one less on a doubler . ;
or full-wave package, two less on a bridge. !-Iermetlcally sealed mo;lellls, in standard Ellz packa%e,
A comprehensive line of Mallory rectifier packages is mdlédg E:ioubler and full-wave center-tap types, also
available. All are based on our unique cell construc- o T n e

tion which gives exceptional reliability, low forward Write to us for data and for a consultation on your
drop, low reverse leakage, and excellent temperature circuit requirements.

P.R.MALLORY & CO. Inc,
Mallory Semiconductor Company, Du Quoin, Illinois, a division of M A L Lo I

Silicon rectifiers o Packaged rectifier circuits o Zener diodes e Silicon controlled rectifiers

30 CIRCLE 30 ON READER SERVICE CARD June 7, 1963 o electronics




See your franchised Mallory Distri-
butor for Mallory rectifier packages
Encapsulated Types

‘‘VB" Voltage Doubler
(0.5 Amperes |, @ 100°C)

Maliory Max. Max. RMS
No. PRV Volts
VB&0 50 18
VB100 100 35
VB200 200 70
VB300 300 105
VB400 400 140
VB500 500 180
VB600 600 210
“CT"” Full-Wave Rectifier
(1.0 Amperes |; @ 100°C)
Mallory No. Max. Max. RMS
CT Neg. CT Pos. PRV Volts
CTN50 TP50 S0 18
CTN100 CTP100 100 35
CTN200 TP 200 70
CTN300 CTP300 300 105
CTN400 CTP400 400 140
CTNS00 TP 500 180
CTNG600 CTP600 600 210
“'FW” Full-Wave Bridge
(1.0 Amperes Ir @ 100°C)

Maliory Max. Max. RMS
p No. PRV Volits
FW50 50 35
FW100 100 70
FW200 200 140
FW300 300 210
Fw400 400 280
FW500 500 350
FW600 600 420

“VBM" Voltage Doubler

(0.35 Amperes | @ 85°C)
Mallory Max. Max. RMS

No. PRV Volts
VBMS0 50 18
VBM100 100 35
VBM200 200 70
VBM300 105
VBM400 400 140
VBMS00 500 180
VBM600 600 210
““CTM" Full-Wave Rectifier
(0.7 Amperes | @ 85°C)
Mallory No. Max. Max. RMS
T Neg CT Pos. PRV Volts

CTMNSO CTMPS50 50 18
CTMN100 CTMP100 100 35
CTMN200 CTMP200 200 10
CTMN300 CTMP300 300 105
CTMN400 CTMP400 400 140
CTMNS00 CTMPS500 500 180
CTMNG600 CTMP600 600 210

Metal case, hermetically sealed
types
*“VBH" Voltage Doubler
(0.5 Amperes Ir @ 100°C)

Mallory Max. Max. RMS
No. PRV Volts
H50 50 18

VBH100 100 35

VBH200 200 70

VBH300 300 105

VBH400 400 140

VBH500 500 180

VBH600 210

“CTH" Full-Wave Rectifier
(1.0 Amperes | @ 100°C)
Mallory No. Max. Max. RMS

CT Neg. CT Pos. PRV Volts

CTHN50 CTHP50 50 18

CTHN100 CTHP100 100 35

CTHN200 CTHP200 200 70

CTHN300 CTHP300 300 105

CTHN400 CTHP400 400 140
HN CTHP500 500 180

CTHNG600 CTHP600 600 210

Write us for the name and address of
the Mallory Distributor nearest to you.

Mallory Distributor Products Company
P. O. Box 1558
Indianapolis 6, Indiana
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ing initial experiments the pulse
generator was synchronized by sync
pulses at the beginning of every
sweep cycle.

In present experiments a filter
that has a black stripe before every
color-stripe triplet is used to gen-
erate synchronizing pulses. Stabil-

ity is improved. Width of the black
stripe is 140 microns, width of the
color stripes is 110 microns each;
total width of the black stripe and
three color stripes is 470 microns.
Fabrication of the stripe filter is
difficult. Colors of stripes on experi-
mental filters are not yet optimum.

Varactor Cutoff 800 Ge

GaAs diode formed
n waveguide raises
frequency limit 300 Ge

LOS ANGELES—Report on a va-
ractor diode with a cutoff fre-
quency of 800 Ge at zero volts bias
—300 Gce higher than the presently
accepted limit—sparked consider-
able interest among the 600 regis-
trants at the microwave symposium
sponsored May 20 to 22 at Santa
Monica by the IEEE-PTGMTT.

B. C. DeLoach, of Bell Telephone
Labs, feels that use of the diode
should extend the range of parame-
tric devices well into the millimeter
region. He gave details on how the
electrically formed gallium-arse-
nide (0.003 ohm-cm) crystal diode
is directly fabricated in waveguide.

At 0.65 bias voltage, R, is 13.5
ohms, C is 0.022 pf and L is 0.4 nh.
At zero bias voltage, the values are
about 12, 0.016 and 0.41, respec-
tively. Reverse bias breakdown
voltage is about 7 v.

Another Bell Labs development,
described by M. R. Barber, is a
high-power protector for varactor
diodes in low-noise parametric re-
ceivers. It uses two quarter-wave-
space pin diodes (see diagram).

Ratings include 70-db isolation
with 0.16-db low-level loss, 1-Kw
continuous r-f power and 100-Kw
peak power. Pin diodes are appli-
cable to high-power switching, it
was pointed out, because their mi-
crowave impedance is essentially a
controllable conductance in shunt
with a nearly constant capacitance.
This conductance rises to as high
as 10 mhos.

M. D. Coleman, of Mullard Re-
search Labs, reported on a practi-
cal 4-port, crossed-junction, wave-

OuiDE 30118 u » SWITOMME MASE
mOGE w osl
GAP
VLII.L!
N
5
FIXED bl M)

SOLID-STATE switched protector
18 degigned to protect varactors in
parametric receivers

guide circulator. While electrical
characteristics do not yet match
3-port types, the new device has
size and weight advantages. Suc-
cessful operation at 3 Ge, 9 Ge and
20 Ge was disclosed.

Eight modes of circulation were
shown for the circulator. Circula-
tion can be obtained in opposite
directions at two different frequen-
cies with a constant value of ap-
plied magnetic field. With two dif-
ferent field values, circulation in
the same direction is achieved.

Computers Will Control
Tv Broadecast Centers

BOTH CBS AND NBC television net-
works are installing computer con-
trol systems in tv broadcast centers.
While the systems differ, both will
largely automate the compiling of
preplanned programs from studio
audio and video facilities and han-
dle on-air continuity.

CBS will use two Thompson
Ramo Wooldridge TRW-330 com-
puters at its New York broadcast
center, scheduled to go on the air
early in 1964. NBC will install a
Daystrom 636 in its Burbank,
Calif., center. The 636 will be pro-
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more filter
for less money
the Model 310-AB!

Look at all the features Krohn-Hite packs into one low-cost filter!
Krohn-Hite's Model 310-AB variable band-pass filter covers the range
from 20 cps to 200 kc. It features continuous independent adjustment
of the high and low cut-off frequencies, so that the center frequency
and band width are both adjustable.

Slope-is 24 db per octave. Dials are direct-reading for quick and ac-
curate measurement. Cut-off frequency accuracy is £10%, with £5%
available.

A big advantage of the Model 310-AB is its high input impedance.
It can be bridged across sensitive circuits without disturbing them.
Its low output impedance is another advantage, and the output doesn’t
require terminating in a specific load.

Low noise is another feature of the 310-AB. Its hum and noise spec
is that of other much more expensive filters (less than 0.25 millivolt
rms), allowing the filter to work at low signal levels.

How does Krohn-Hite put so many features into a $350 filter? Easy —
Krohn-Hite are filter specialists — the first to introduce many filtering
techniques now in widespread use. So, for the most for the money, ask
for a demonstration of the 310-AB. Check it out, and then check the
price tag! Write for full specifications.

KROHN-HITE CORPORATION
580 Massachusetts Avenue ¢ Cambridge 39, Mass.

Pioneering in Quality Electronic Instruments
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PROGRAMMER'’S console for the
Daystrom system

grammed for a full day’s studio op-
eration.

According to TRW, a novel fea-
ture of its installation will be studio
lighting preset storage and re-
trieval. CBS has been using a TRW
computer for control of KNXT, Los
Angeles, since Dec. 31, 1960.

Portable Generator
Will Power Tv Sets

ToKYO—Sony and Honda Motor Co.
are jointly developing a portable
generator driven by a gasoline en-
gine to supply power to Sony’s mi-
cro-tv sets. Sony says it expects big
demand both here and abroad be-
cause at present battery capacity
severely limits portable use of its
set. Prototype uses four-cycle, 15-cc
engine to drive a 40-w generator.
It runs five hours on one-half liter
of gasoline,

NAVY BUYS DDRR

Navy will install one of North-
rop Ventura’s DDRR antennas
(ELECTRONICS, p. 44, Jan. 11}
on a Pacific Missile Range in-
strumentation ship now under
construction, according to North-
rop. The ship is designed to re-
cover manned spacecraft.

The antenna array will con-
sist of five concentric circular
elements, 3 to 35 feet in diam-
eter and 5 feet high. It will op-
erate at 2 to 30 Mc. Efficiency
will be close to that of a 120-
foot-high tower antenna, the
company says
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Welded module construction

Glotrac’s precision antennas point to space

Glotrac trailer and antenna check-out

Atias SLV launches Mariner

Electron microscope for epitaxy research

What exists ‘’behind the scenes’’ of the world’s most
advanced satellite and spacecraft tracking system?

What is Glotrac?

Glotrac is the world's most advanced system
of its kind, designed and built by General
Dynamics Astronautics in San Dicgo tor the
Air Force Missile Test Center, Cape Canav-
cral. Basically, Glotrac is a range and range
rate Global Tracking Network of some
23,000 statute miles extent.

The system utilizes continuous wave tech-
niques involving Doppler and CW phase delay
principles to determine velocities accurate to
better than .5 fps and to fix vehicle position
within 100 feet. Glotrac's ground system con-
sists of air-transportable equipment trailers,
amplidyne-driven precision antennas and
coaxial cable interconnections. The exactly
pusitioned stations develop input for com-
puter solutions — in real time for target ac-
quisition—and postflight for highly precise
trajectory data and orbital parameter analysis.

Among other significant achievements, an
Astronautics Type CT airborne transponder
has successfully transmitted data from a
vehicle throughout the severe ionization
period of re-entry.

What makes Glotrac tick?

What ts the basis for the Glotrac system'’s
dramatic capabilities — and the many other

GENERAL DYNAMICS

highly advanced electronic programs in study,
design or hardware stages at Astronautics?

The answer is—men like yourself: if you
are an electronic engineér or scientist of
superior abilities .. . if you have a special
way with success in your work...it you
delight in the sudden insights that result
from intense involvement with your field . .
if you have the experienced skills that give
practical form to your far-ranging ideas. .
if you have the drive that sces you through
to track the toughest problems...it you
hunger for new challenges atter the un-
known becomes known to you.

If you are this kind of man, you will be
interested in the extensive opportunitics for
important contributions and career advance-
ment at completcly spacec-oriented General
Dynamics | Astronautics.

What are Astronautics’
future programs?

Dozens of active study contracts and in-
process hardware projects involve electronic
engineering of a high order. To name a few:
CENTAUR The top-priority NASA space
vehicle designated tor soft-landing instru-
ment packages on the moon plus other im-

portant missions. NOVA Brawny booster
tor manned interplanctary space probes.
ATLAS SLV IIl Standardized version of
the tamous NASA Mercury series and Venus
fly-by launch vehicle. SCIENTIFIC PAS-
SENGER PODS tor varied research pro-
grams. COMMUNICATION SATELLITES
and related equipment. FUTURE TRACK-
ING SYSTEMS.

Consider the scope of electronic engineering
activities at Astronautics. Also consider the
General Dynamics Corporation, of which
Astronautics is an important part. In research
and development tor fiscal year 1962, Gen-
eral Dynamics topped the list of 500 leading
mulitary prime contractors.

If you are qualified . . .

If you are highly qualified for one of the
positions detailed on the next page—con-
sider joining the Astronautics staff. Your
ieply, which will be held in complete con-
fidence, may be made on the attached Pro-
fessional Placement Inquiry form, or by writ-
ing to Mr. R. M. Smith, Chiet of Profes-
sional Placement and Personnel, Mail Zone
130 - 90, General Dynamics ! Astronautics,
5838 Kearny Villa Road, San Diego 12,

T GIND

ASTRONAUTICS

AN EQUAL OPPORTUNITY EMPLOYER



A MESSAGE OF INTEREST TO ELECTRONIC ENGINEERS

Important positions exist in the following areas:

ADVANCED SKILLS in electronic
miniaturization at Astronautics are
demonstrated in Glotrac’s Type G
airborne transponder. This high-
density flight article weighs a mere
5.6 pounds.

Reliability is enhanced by use of
solid state elements and welded mod-
ule construction throughout. Func-
tions which can be added through
the Glotrac transponder for tracking
of the future include space com-
munication, time and frequency
multiplex, telemetry and command

functions.

Glotrac transponder welded module

To learn more about Astronautics or
to provide additional information ubont
your gualifications — or if the Profes-
ssonal Plucement Inquiry card has been
removed — please write to Mr. R. M.
Smith. Chief of Professional Placement
and Personnel. Mail Zone 130-90.
General Dynamics | Astronantics, 5838
Kearny Villa Road, San Diego 12,
Californsa.

ADVANCED
ELECTRONIC SYSTEMS

Assignments are on such projects as giant
boosters, advanced tracking systems, un-
manned satcllites, nuclear-propelled space
vehicles, carth-to-moon logistics bus, and
space stations. Experience should include
advanced design work in such electronic
areas as guidance, communications, telem-
etry, data processing systems or antenna
systems. An advanced degree is required.

ELECTROMAGNETIC
INTERFERENCE CONTROL

Strong design experience in communication
systems required. Assignment will be to lead
evaluation of designs from an interference
control standpoint, as E.I.C. on missile and
space systems involving individual subsys-
tems and complex composites of electrical
and electronic equipment. Must be capable
of original and creative efforts. BSEE or
MSEE is required.

TRACKING
EQUIPMENT DESIGN

Positions are for circuit and system designers
with experience in UHF, SHF, and micro-
wave equipment. Solid state background in
development of receivers; ultra-stable oscil-
lators; high-frequency, high-powered ampli-
tiers, and similar type circuitry desirable.
Opcnings also exist for system designers.
experienced in CW tracking equipment and
related peripheral equipment, for develop-
ment of hardware for ground station and
space vehicle applications.

INSTRUMENTATION
SYSTEMS ENGINEERING

Engineers able to analyze data requircments
for various missile systems including propul-
sion, fluid mechanics, flight control and
structures; to determine validity of require-
ments, and design feasibility for making
measurements; and to determine the general
parameters for airborne ground instrumenta-
tion systems. Detail hardware design capa-
bility is not required, however. BS or MS in
EE, physics, or AE is required, with desired
experience of 3 to 5 years in instrumenta-
tion planning or testing.

RELIABILITY

Engineers with BS in EE, physics, math or
ME to administer Reliability Program.
Openings exist in reliability analyses, sys-
tems, data retricval and corrective action,
and parts control. Mathematicians to qualify
should have knowledge of probability theory
and statistics of quality control. Engincers
and physicists should have 2 to 8 years of
experience in design and ‘or environmental
testing of aerospace products. Typical tasks
include vendor surveillance, collection of
test data from all sources and evaluation
for failure and effect modes, review of prod-
uct specifications and drawings for reli-
ability requirements, writing of reliability
test plans, test monitoring, and participation
in design reviews.

TELEMETRY DESIGN

Engineers with ability to develop both FM
and PCM telemetry systems, transmitters,
antennas, signal conditioners and transduc-
ers; tasks involve derail design on signal
conditioners, measuring circuits, and analog
or digital circuitry; analysis and develop-
ment of telemetry systems based on modula-
tion and information theory; and evaluation
of vendor-furnished transmitters and trans-
ducers. BS or MS degree in EE or ME and
two or more years of experience required.

GUIDANCE and
CONTROL SYSTEMS

Requirements exist in three general areas:
(1) analytical area for those with expe-
rience in establishing guidance and flight
control system requirements and analysis of
system performance; (2) activities involv-
ing detail design and development of the
autopilot, programming devices and passive
tracking equipment with additional respon-
sibility for design of associated test equip-
ment; (3) design liaison group, responsible
for assuring accuracy and reliability of the
guidance system by monitor of the system-
manufacturing sub-contractor, and activities
to assure that delivered G.S.E. and airborne
systems mat¢ with the missile and its check-
out complex.

BS degree in EE and ‘or physics, plus 3 to
5 years of direct experience with navigation
and guidance systems design or test, are
required.

Openings also exist for graduate engineers
who are highly qualified in these activities:

AIRBORNE AND GROUND ELECTRICAL/ELECTRONIC LOGIC CIRCUIT
DESIGN, ADVANCED SYSTEMS DESIGN, FLIGHT TEST, ENGINEERING WRIT-
ING and TEST EQUIPMENT DESIGN. Special openings for recent college graduates
also are available in a wide variety of engineering areas, including the above.

G

GENERAL DYNAMICS | ASTRONAUTICS

AN EQUAL OPPORTUNITY EMPLOYER



"The day when the designer selected his materials
all by his lonesome is past—especially in electronics.
Lots of engineers, from many departments, get into
the electronies buying act with the design engineer
today. Production engineers, for example, feel free
to bare their fangs at any specified product they
feel would snafu the production line. Procurement
people growl for their freedom to respecify for the
sake of better prices or delivery. Service engineers,
once burned by a faulty component or subassembly,
are twice shy and thrice loud about its inclusion in
future equipment. And management’s oxen are
notoriously goreable. That’s what makes electronies
marketers turn gray. The advertiser today must

reach the design engineer and everyone else in
electronics engineering. He can do so either through
a passel of splinter publications, or through
electronics.

Well, that’s the price of progress.

electroniecs is the weekly, contemporary engineering
publication of the modern electronics industry. It
integrates the interests of 57,000 engineers in all
phases and functions of electronics—the people who
pass on your products before they are bought. In a
field abounding with free publications, these 57,000
engineers pay up to $6 a year to subscribe to
electronics. They need electronics. You need them.
Advertise in electronics. J

electronics: your basic buy for electronics advertising | a mcGRAW-HILL PUBLICATION ® O

R

830 West 42nd 8t., New York 86, N. Y.
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Why Gudebrod’s L‘omn ense
Approach to Lacing Problems
Pays Dividends for Customers!

Recently a customer involved in the missile program came to us with a
problem. He wanted a lacing tape that would be easy to use but must with-
stand extremely high temperatures . . . well above 1000°F!

We had to admit that we had no such tape, Our high temperature tapes
such as GUDE-GLASS® have a maximum temperature range of 800°F.
To solve this customer’s problem, we developed GUDE-QS®, a revolutionary
new lacing tape that is essentially stable to temperatures in excess of 1500°F,

GUDE-Q is a flat braid made from continuous length silica fibers that
have been especially impregnated with a silicon finish to produce excellent
handling and tying qualities. GUDE-Q lacing tape allows harnesses to be easily
tied...knots don’t slip, yet it withstands temperatures in excess of 1500°F.

Creating a new tape to meet high temperature requirements is but one of
many ways in which we serve customers’ needs. Whatever your lacing tape
needs—civilian, military, fungus proofing, high temperature, color eoding
—Gudebrod’s common sense approach to the problem will pay dividends
for you because:

1. Gudebrod lacing tape increases production!

2. Gudebrod lacing tape reduces labor costs!

3. Gudebrod lacing tape means minimal maintenance after installation!

4. Gudebrod is quality—our standards for lacing tape are more exacting than
those required for compliance with MIL-T|

Write today for our Technical Products Data Book which explains in
detail the many advantages of Gudebrod lacing tape for both civilian and
military use,

Address your inquiry and your lacing tape problems tos'

UDEBROD BROS. SILK CO,, INC.

= FOUNDEO IN 1870
= )

s i i

PHILADELPHIA 7, PENNA,

12 SOUTH 12th STREET,

3% CIRCLE 36 ON READER SERVICE CARD

MEETINGS AHEAD

INTERNATIONAL TELECOMMUNICATION
UNION PANEL OF EXPERTS MEETING,
IEEE, et al; Geneva, Switzerland,
June 4-23.

RELIABILITY TRAINING CONFERENCE,
IEEE-PTGR, AS8QR; Bishop's Lodge,
Santa Fe, N. M., June 10-14.

BIO-ENGINEERING SYMPOSIUM, ISA;
Union Oil Co. Bldg., Los Angeles,
June 14-16.

SUMMER GENERAL MEETING IEEE;
Royal York Hotel, Toronto, Canada,
June 16-21. N

i
BROADCAST & TV RECEIVERS CONFERENCE, :
IEEE-PTGTR; O'Hara Inn, Chicago,
June 17-18,

JOINT AUTOMATIC CONTROL CONFER-
ENCE, IEEE, ISA, et al; University
of Minnesota, Minneapolis, Minn.,
June 19-21.

X-RAY AND ELECTRON PROBE ANALYSIS
SYMPOSIUM, American Society for
Testing and Materials; Chalfonte-
Haddon Hall, Atlantic City, N. J.,
June 23-28.

IMPACT OF MICROELECTRONICS CONFER-
ENCE, Armour Research Foundation
and ELECTRONICS Magazine; Illinois
Institute of Technology, Chicago,
Illinois, June 26-27.

COMPUTERS & DATA PROCESSING SYM-
pPosIUM, University of Denver; at
the University, Denver, Colo., June
26-217.

LOUDSPEAKER INDUSTRY CONFERENCE,
EIA; Pick Congress Hotel, Chicago,
June 27.

INFORMATION THEORY IN SCIENCE &
ENGINEERING SEMINAR, Dartmouth
College; at Dartmouth, Hanover,
New Hampshire, July 1-12.

ADVANCED CONTROL THEORY AND APPLI-
CATIONS, Massachusetts Institute of
Technology; at MIT, Cambridge,
Mass., July 8-19.

WESTERN ELECTRONIC SHOW AND CON-
FERENCE, WEMA, IEEE; Cow Palace,
San Francisco, Calif., August 20-23.

ADVANCE REPORT

AEROSPACE EBLECTRICAL/ELECTRONIC CON-
FEBRENCE, Aerospace Electrical Society;
Pan Pacific and American Institute of
Aeronautics and Astronautics Auditor-
iums, Los Angeles, Oct. 9-11. July 1 i8
the deadline for submitting three copies
of 100 to 200-word abstracts and one re-
producible copy of paper to Rudolf
Steiner, AES Technical Program Chair-
man, Astro Reliability Corp., S8herman
Oaks, Calif. Of interest are the follow-
ing electrical and electronic aspects of
aircraft, missiles and space system vehi-
cles: development; testing; perform-
ance; failure analysis; environmental
conditions of atmosphere; temperature;
vibration; heat transfer ; shock ; acceler-
ation; radiation; acoustics; radio-fre-
quency and interference; landing and
launch equipment; telemetry, tracking;
guidance ; range safety; fuel flow and
storage; reliability considerations of
systems compatibility.

June 7, 1963 ¢ electronics



Freeze it.

Here’s why you can practically do any-
thing to this new 154” square Micropot®
trimmer:

SILVER BRAZED TERMINATIONS—no fine wire
connections

POSITIVE, NO-SLIP WIPER POSITIONING—de-
tent prevents movement even under severe
shock and vibration

CLUTCH MECHANISM PREVENTS DAMAGE at
end of travel

BONDABLE TEFLON LEADS assure most re-
liable possible sealing

SPECIAL HIGH TEMPERATURE (DU PONT ML)
INSULATION between mandrel and resist-
ance element prevents catastrophic failures

CIRCLE 37 ON READER SERVICE CARD

Wet it. Heat it. Jar it.

Where else can you get a 4" square
trimmer with all these features—in your
choice of terminal configuration? The
subminiature Model 2900 Micropot
trimmer is designed to meet all require-
ments of MIL-R-27208A. It is humidity-
proof, dustproof, and shockproof to 100
g’s. You can take it down to —65°C or
heat it up to 175°C.

Now scan this trimmer’s specs. Inter-
ested? Phone your nearby Borg distrib-
utor. Or drop a line to R. K. Johnson,
Sales Manager.

7
\_4

ACTUAL SIZES ‘ h ‘

Resistance values 10 to 100 K ohms
Resistance 10lerance. .....ovvveerassnes +5%
Power rating....1 watt at 70°C, 0 watt at 175°C
Resolution of adjustment....... 1.0% to 0.084%
Mechanical adjustment 25 turns nominal
Temp coefficient of Pot 30 ppm/°C nominal
Operating temperature range.. —65 to +175°C
Humidity —proof MIL-R-27208A
Mechanical stops...clutch allows contact idling

BORG EQUIPMENT

A Division of Amphenol-Borg Electronics Corporation

Jonesville, Wisconsin
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NO Margin for error st dow is 12,00 fet!
As these sky divers swoop together to pass this aerial baton there can be no margin for
error. Less than perfect accuracy in timing could mean a mid-air collision or a complete
miss. To users of electronic time delay relays, precision solid state programmers, and
magnetostrictive pulse counting devices, a “miss,” or error of accuracy in timing, could
have far more disastrous results. That's why military and industrial users turn to TEMPO
for infallible accuracy and reliability. Do you have a time problem which allows no margin
for error? Let TEMPO know-how offer a fast, efficient and economical solution.

TPMPNO INSTRUMONT INCORPORATED ¢ East Bethnaoe Road ¢ Plainview, L.I., N.Y., 516 MYrtle 4-4400




SECONDARY emission studies are being conducted in this laboratory lash-up

electronics

A McGraw-Hill Weekly June 7, 1968

ARE HOT CATHODES
ON THE WAY OUT?

Research into new types of cold-cathode materials and structures

18 slowly overcoming difficulties. Characteristics of the various

types may eventually allow elimination of hot cathodes in most devices

By W. M. FEIST and G. WADE, Raytheon Co. Research Div., Burlington, Mass.

NONTHERMIONIC cathodes, when fully de-
veloped, will allow new types of electronic devices
not possible now with hot or thermionic cathodes.
Cold cathodes of various types will provide high
current density, low power consumption, low beam
noise, and instant starting. Photoemitter cathodes,
for example, may provide another technique for gen-
erating millimeter wavelengths; field emitter cath-
odes have already been used to obtain high speed
X-ray pictures. .

CATHODE PRINCIPLE—Electrons are commonly
supplied from substances containing large num-
bers of bound electrons available for emission.
Effects used to give bound electrons sufficient energy
for ejection from a cathode substance include:
thermionic emission, in which phonons or thermal
lattice vibrations collide with the bound electrons;

electronics o June 7, 1963

photoelectric emission, in which photons from in-
coming light collide with the bound electrons; sec-
ondary emission, in which energetic electrons coming
from the outside or created within the substance
collide with the bound electrons; and field emission,
in which strong forces are exerted upon the bound
electrons by a large external electric field.

Free electrons can also be obtained from plasmas,
which exist in both gases and solids. Emission from
a plasma can be obtained by diffusion, an effect
brought about by a gradient in the electron density.

Most devices today use thermionic cathodes, but
these cathodes can never be completely satisfactory
as electron sources. Obtainable emission density is
basically determined by work-function ¢ and cathode
temperature T, according to Richardson’s equation
it = ATe**", where A is 120 amp/ecm’K® (K = degrees
Kelvin) and %k is Boltzmann’s constant. For high



LATEST BOX SCORE IN COLD-CATIIODE PROGRESS

Cathode

1. Field Emitter

2. Photo Emitter

3. Secondary Emitter

4. Plasma Emitter

5. Mg O-type Emitter

6. P-N Junction Emitter

7. Tunnel Emitter

Present Typical
Current Densities

107 amps/cm? d-¢

102 amp/cm? pulsed (from

small points)

10-? amp/cm? d-¢
1 amp/cm? pulsed

10! amp/cm? d-c
10* amp/cm? pulsed

10 to 10® amp/cm® d-¢

10~* amp/cm? d-¢
10— amp/cm? pulsed

10~ to 10~* amp/cm?® d-c

10~* amp/cm? d-c
10 amp/cm? pulsed

Typical

Materials or Structure

w

Cs,Sb,

Bi-Ag-O-Cs

Pt, W-ThO,,
MgO, BeO

Hg. Arc discharge

Ni-NiO-MgO

8i, 8iC

Al-Al ,0.-Au,
Be-BeO-Au

Present
Limitations

Severe vacuum
requirements,

High electric field
requirements

Large energy spread

Efficient cathodes
exist only for
very limited frequencies

Large energy spread.
Heat dissipation and
charging problems

Differential pres-
sure requirements.
arge energy spread.
Inefficiency as
vacuum tube cathode

Slow time response.
Starting process
necessary. Strong

response to anode voltage

Inefficiency

Low efficiency
Poor dc-stability

Present
Applications

High speed x-ray
equipment

Photo detection
Photo mixing
Solar cells

Current amplifiers,
Microwave tubes
Image and infor-
mation storage

Heat source

o Cathode efficiency = (emitted current)/(power supplied to cathode)

ENERGY

. DISTANCE
vACOUM 8107 VOLTS/CM
BARRIER

TUNNELING PROCESS

___Z'___T'

FERMI—
SEA

METAL
EMITTER

ANODE

SIMPLIFIED REPRESENTATION OF THE FIELD EMISSION PROCESS

IN FIELD-EMITTER cathode, strong electric fields pull
electrons from cathode surface—Fig. 1

current density at high efficiency, the work function
should be low. Heating requires that the cathode
be made of refractory material to prevent evapora-
tion at high temperatures. The emitting surface
should be sufficiently conductive to avoid an exces-
sive internal voltage drop. These requirements are
met ordinarily by coating a refractory metal, like
tungsten, with an oxide or with a material of low
work function. The cathode surface is maintained
in dynamic equilibrium with respect to temperature
and field evaporation, decomposition by heat, ion and
electron bombardment, diffusion within the cathode,
and various chemical reactions. Current density
from thermionic cathodes is normally limited to about
100 amp/cm’. This amount of current can be drawn
only for microseconds™ * but longer periods are desir-
able in many applications.

A small emitting area allows smaller device size,
facilitates focusing and reduces noise resulting from
position fluctuation. Noise can sometimes be reduced
merely by allowing the beam to expand. For good
resolution in electron microscopy and in display and
storage, a point source emitter is desirable. High
current density from a small emitting area is par-

\ June 7, 1963 o electronics



Projected Typical Cathode
Applications Efficiency ¢ State of Art
Microwave tubes Very high Research and

mm-wave generation
Mixing

Harmonic generation
Rectification

development.,

Mm-wave generation 107! amp/watt  Research and

Low noise ampliti- development.
cation

Extension of present 107t amp/watt  Research and
applications development,

Ultrahigh frequency 10~ amp/watt  Early research and

tubes development,

Amplifier tubes 10~%amp/watt  Research

Display and storage

tubes

— 107% to 10— Early
amp/watt research

Direct replacement
of thermionic
cathodes; modulation,
mixing, low noise
amplificetion

10~* amp/watt  Early research

I

ticularly desirable at short wavelengths, since the
external circuits themselves are small.

Thermionic cathodes are limited with respect to
beam noise reduction, which affects device sensi-
tivity or resolution. Thermionically emitted electrons
follow a so-called half-Maxwellian energy distribu-
tion and have a large spread in energy. Noisiness
can be reduced by controlling conditions just beyond
the cathode surface, but the technique is complicated.

The inertia to temperature change of thermionic
cathodes precludes saving heat power in intermit-
tent operation, and also prevents current control
by heat pulsing. While the current can be controlled
py electric fields in the space charge region, the
velocity of the electrons is low here and limits fre-
quency response. The high temperatures of thermionic
cathodes also require insulation.

Some nonthermionic cathodes now being researched
are listed in the table. But the realization of prace
tical nonthermionic cathodes is difficult.

0 S s q

FIELD EMITTERS—Electric fields of the order of
10° volts per centimeter and higher can reduce the
work function of an unheated metal or semiconductor

electronics ¢ June 7, 1963

low enough that electrons can be emitted 1nto a
vacuum by quantum-mechanical tunneling, Fig. 1.
For metals, the density of current emission is given
by the Fowler-Nordheim equation: i = BE‘e™",
where E is the electric ficld at the surface, and
B and B8 are constants of the work function.

High electric fields can be produced with moderate
voltage for a sharp point. From such points, greater
than 10" amp/cm® is possible with continuous opera-
tion and greater than 10* amp/cm’ pulsed. When
field emitters are heated thermionic and field emis-
sion act together®, in a process called T-F emission:
T-F emission applied to x-ray tubes has given up to
10* amp/cm®. Field emission can be used also with
photoemission, secondary emission, etc.

A major difficulty with field emitters is instability,
since current density is a sensitive function of ap-
plied field and work function and both can change un-
expectedly in an operating device. The sharp points
change because of heating, particle bombardment,
chemical reaction and evaporation, and affect both
the acting field and the work function. Pressure as
Jow as 10™ mm Hg can prevent such changes but is
difficult to realize in practice. However, using sealed
off alumina-silicate glass envelopes, cold-cathode
field-emission diodes have operated stably d-c for
over 15,000 hours at 300 watts average power and
at cathode current densities of the order of 10"
amp/cm’. At more conventional vacuums, stability
is provided by periodically and briefly heating the
emitter to smooth and clean its surface. Life for
tungsten emitters is presently about 500 hours. Re-
search is aimed at reducing field requirements and
improving stability.

Over 90 per cent of the beam has been focused
electrically into a few millimeters and 0.06 per cent
of the cathode emission of a crt was focused to give
a 2000 line/inch raster at a screen current of 0.2 pa.
Magnetically, the entire current can be focused
to 0.2 mm diameter with a field of 7,000 oersteds.

Noise temperature, in terms of energy spread, is
approximately three times that of low temperature
oxide cathodes. But the thermionic cathode norm-

WILL COLD CATHODES GET HOT?

One of the most welcome features of the transistor
and other semiconductor devices was elimination of
the thermionic cathode. This feature of the electron
tube was undesirable because of the thermal design
problems it created and because it was a frequent
cause of device failure.

But no semiconductor device. even field-effect tran-
sistors, ever achieved the isolation between input and
output afforded by the vacuum tube.

Maybe the cold cathode tube can let the designer
have his cake and eat it too. This article points out
that research on cold cathodes is proceeding along
at least seven different lines.

And the Russians are showing a high interest in
cold cathodes too

L))




TUNNEL cathodes are being fabricated in ultrahigh vacuum

ally requires beam area compression, while with field
emission beam expansion can be allowed. Thus noise
temperature for transverse electron travel can be
less using field emission.

In addition to high current density, field emitters
have strong nonlinearity between applied field and
emitted current, instant time response, and high
efficiency. In a new high-speed x-ray tube developed
by the Field Emission Corp. of McMinnville, Oregon,
a high-energy electron beam is pulsed on for a
fraction of a microsecond to produce an intense burst
of x-rays. Tube uses include stop-action radiography

RESULTANT PHOTOCURRENT:

Iphoto * A%

FILTER

PHOTO
EMITTER

N

A;=EFFECTIVE MAGNITUDE OF LIGHT
VECTOR OF FREQUENCY f;

SELECTIVITY TO fg
DETERMINED BY FILTER AND
PHOTOSURFACE RESPONSE

RECEIVER

AMPLITUDE MODULATION —=
MODULATED CURRENT

FREQUENCY MODULATION —e= FREQUENCY

FREQUENCY SENSITIVE EMISSION

and radiation effect studies at 10° rad/sec.

The high current densities of field emission are
attractive at extremely high frequencies for ampli-
fiers, oscillators, mixers, harmonic generators, and
rectifiers; Field Emission Corp. has experimented
with frequency quadrupling up to 8 mm, but practical
devices need more development. * ** '

PHOTOEMITTERS — Present photocathodes are
sensitive only to frequencies in the near infrared
and higher. Some present cathodes have® yields close
to 0.5 electron per incident photon.

SELECTIVITY TO fg
DETERMINED BY RECEIVER AND
LOCAL OSCILATOR TUNING

fs

RECEIVER

AMPLITUDE MODULATION —=MODULATED CURRENT
FREQUENCY MODULATED
CURRENT -»DISCRIMINATOR

7 {1;)=RESPONSE OF PHOTOSURFACE AT FREQUENCY f; —3 MODULATED CURRENT MODULATION REQUENCY SENSITIVE
EMISSION -= MODULATED
RESULTANT PHOTOCURRENT CURRENT
(A) FROM PHOTOELECTRIC MIXING (B)  STRAIGHT RECEPTION (C) SUPERHETERODYNE RECEPTION

PRINCIPLES of photoelectric mixing (A), examples of modulation detection (B) and (C) by interaction with the
electrons, and Siegman’s frequency-modulation detector (D). These techniques may provide a way to generate submillimeter
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Photoemission 1s a nonlinear process and can be
used in detecting modulation on a light beam® (See
Fig. 2). When light falls upon a photoemitter, the
density of the emitted stream varies with the modu-
lation. In one photoemission detection scheme, den-
sity-modulated current is fed into the slow-wave
circuit of a traveling-wave tube to amplify and ex-
tract the modulation. The frequency limit for this
type of detection may be as high as several hundred
Ge®.

The nonlinearity also holds promise for mixing two
laser beams, separated by a microwave or millimeter-
wave frequency, to obtain a density-modulated beam
at the difference frequency. The modulation can then
be amplified and extracted, offering possibilities for
generating millimeter and even submillimeter-waves.

The photoemitter may also produce a low-noise
electron beam for microwave amplifiers.” Theoretic-
ally, a beam from a photoemitter can have a small
velocity spread and therefore low noise. According
to the Einstein relationship for the maximum energy
of emitted electrons, E... = h» — ¢, where ¢ = the
photoelectric work function, » = Planck’s constant,
and » = the frequency of the light.

The quantity E... can be small if the light fre-
quency is close to the threshold frequency v¢/k of the
photocathode response. Calculations indicate suf-
ficient photoemitter current to drive a microwave
tube even when E.,. is small enough to give low
beam noise.

SECONDARY EMITTERS — A secondary emitter
emits electrons when bombarded by other electrons
or ions, with more electrons emitted than are used
in the bombardment.” Hence the current density and
current variations of a bombarding beam can be
amplified, with large amplification possible

While many of the details of secondary emission
are unknown, practical devices have been developed.
One limitation is the large velocity spread in the
emitted electrons and hence an inherent noisiness in
the emitted beam.

An application of secondary emitter amplification is

s

PRISM

MICROWAVE STRUCTURE
COUPLING TO TRANS—
VERSE MOTION OF

ELECTRONS

the photomultiplier phototube whose operation has
been extended recently to microwave frequencies.”
Another application is the self-sustained emission in
magnetrons and amplitrons. In these tubes, some
electrons are used to bombard the cathode and pro-
duce further secondary emission. Such tubes do not
require external heating once emission is started by
a heating or microwave pulse.

PLASMA ELECTRON SOURCES—In this type of
emission, the electrons come from a gas rather than
a solid (See Fig. 3). Plasma sources can produce
current densities much higher than thermionic cath-
odes can.” But the apparatus for producing the dis-
charge is cumbersome and the extraction of elec-
trons into the vacuum is difficult. In addition, the
emission tends to be inefficient, unstable and noisy.

While plasma cathodes are difficult for small de-
vices, they have already been used in a heat source
developed by Alloyd Electronics Co., Cambridge,
Mass., for melting, annealing and heat treating
metals by electron bombardment. After initial plasma
activation by r-f, positive ions from the discharge
region bombard a cathode and heat it until thermionic
emission takes place. The thermionically emitted
electrons pass through the plasma, releasing further
electrons by ionization, and positive ions to bombard
the cathode. This operation is self-sustained. A
present heat source delivers 30 Kw and can melt
200 1b. of stainless steel per hour.

MgO-TYPE EMITTERS—Sustained emission from
MgO and other metal oxides was obtained about a
decade ago. An MgO-type emitter usually consists
of a nickel sleeve coated with a metal oxide several
tens of microns thick,” (See Fig. 4).

In operation, an initial surface charge is produced
by the incidence of ultraviolet light, radioactive
radiation or bombarding electrons. This starts the
emission, which continues after the radiation is
turned off. A recent theory of operation presumes
that an electron avalanche is produced by a break-
down in the metal-oxide layer under the influence of

Ni  NiO
/E=f(vA)=|05 v/em
E . ANODE
LECTROMAGNET 2

ELECTRON
COLLECTOR

IS

longitudinal motion
waves—Fig. £

BEAM PATTERN
PHOTOSURFACE

SIEGMAN'S FREQUENCY
(D) MODULATION DETECTOR

electronics ¢ June 7, 1963

of photoemitted

|~
E . ACCELERATOR,
] ; //,,-STABILIZER
—— — I DISCHARGE
" aNODE

N T~ pLASMA

"~ DISCHARGE
CATHODE

MERCURY
=@~

PLASMA cathodes, as suggested

by K. G. Hernquist—Fig. 8
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ELECTRONS are multiplied in
MgO layer and some escape—Fig. 4
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the strong electric fields from the surface charge.
The avalanching electrons may be emitted directly
or may produce secondary emission from the MgO
layer before reaching the vacuum. A primary re-
gsearch goal is a better understanding of the process.

Current densities achieveable from MgO-type emit-
ters are comparable with those from thermionic
cathodes. Major shortcomings of this type of emit-
ter include: a large energy spread in emitted electrons
(several tens of electron volts) leading to high noise
and poor beam resolution; a drop of about 200 volts
across the metal-oxide layer, making the cathode in-
efficient; the necessity for a starting process.

The time constant for starting causes problems in
rectifier operation even at low frequencies.

Further development depends on a better under-
standing of the process, and research objectives in-
clude stability improvement, noise reduction, and
self-starting.*

P-N JUNCTION EMITTERS—The n-type material
in the back-biased p-n junction diode of Fig.
5 is some tens of Angstroms thick, with the
outer surface the cathode surface. The bias volt-
age can excite hot electrons into the n-type mate-
rial, with most of these electrons originating in the
valence band of the p-type material and transposed
by tunneling or avalanche breakdown. Some of the
transposed electrons arrive in the mn-type mate-
rial with energies higher than the vacuum
level. The electrons then drift and diffuse through
the n-type material, and some are emitted into the
vacuum,” in an operation similar to the tunnel
cathode.

But the emitter has serious limitations. The rate
at which energy is lost as a hot electron travels in
the n-type material is high and an electron, after
tunneling at an energy level above the vacuum level,
may still not be able to escape because of losing en-
ergy before it reaches the surface. The n-type layer
can only be so thin before the properties of the junc-
tion are affected, and the minimum possible thick-
ness is too great to permit many of hot electrons
to escape. The experimental data thus far reported
involve current densities of about 0.1 microamp/cm?,
too low to be useful.

noise temperatures of about 6,000 K.

The hot electrons that are not emitted flow through
the battery and constitute a circulating current,
which produces a lateral voltage drop across the
cathode surface. Emission is critically dependent
upon surface voltage, thus serious nonuniformity in
emission results.

TUNNEL CATHODES—This type cathode promises
more desirable features than the other types, includ-
ing high current densities, low temperature opera-
tion, low-noise beams and instant starting. High
current density and low noise beams would not be
obtained simultaneously, however. In addition, space
charge limited operation should be possible.

The tunnel cathode is a metal-insulator-metal sand-
wich, as illustrated in Fig. 6. Electrons tunnel from
the metal substrate and appear in the metal film
as hot electrons. Some of the hot electrons have suf-
ficient energy to pass over the cathode surface bar-
rier into the vacuum.” In the figure, a temperature
of 0 K is assumed for simplicity.

Electrons in the metal substrate occupy energy
levels up to fermi level F,; those in the metal film,
up to fermi level F,. F, has been shifted down with
respect to F, by the battery voltage, which appears
across the insulator. Since the insulator is a thin
film, electrons can tunnel through it into the metal
film. The battery voltage exceeds the height of the
vacuum barrier and some of the tunneling electrons
arrive with energies higher than the vacuum level.
If the mean free path for the hot electrons is large
enough compared to the thickness of the metal film,
emission into the vacuum can occur. Electrons arriv-
ing at the cathode surface with energies lower than
the vacuum level eventually fall to below F, and are
conducted away through the battery, to constitute
a circulating current.

Energy spread 8§ of the emitted electrons can be
controlled by adjusting the battery voltage. Beam
noise is critically dependent upon 8, and noise tem-
perature is T, = 27308. The equation actually ap-
plies only when 8§ is small and when the cathode is
at absolute zero. For a finite temperature, the velocity
spread and hence beam noise temperature will be
above actual cathode temperature.

The velocity spread of the emitted current gives , For T, = 30K, and 3 = 0.01 eV, only about one per-
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cent of the tunneling electrons are emitted into the
vacuum® and the remainder becomes the circulating
currrent. For the same conditions, a beam current
of 50 ua was computed for a cathode 20 mils in diam-
eter, enough to operate a low-noise twt.

For a twt beam with a noise temperature of 30K,
circuit losses must be small or Johnson noise will be
greater than beam noise. But losses can be reduced
by cooling the circuit.

Cooling can also provide superconduction in the
metal film, thus eliminating the lateral voltage drop
due to circulating current; even a small lateral volt-
age drop would cause nonuniform emission.

Where low noise is not required, high current
densities appear possible, giving a circulating cur-
rent small compared to emitted current.

Problems of practical tunnel cathodes include mate-
rials and a detailed knowledge concerning their
energy structure. Second, better control of the tun-
nel process is needed. In the experimental cathodes
thus far constructed, zener tunneling—in addition to
the desired quantum mechanical tunneling—probably
occurs from the insulator valence band into the insu-
lator conduction band or directly into the metal. Any
tunneling into the insulator conduction band leads to
inelastic scattering of the electrons passing through
and adds to the circulating current.

Uniformly smooth surfaces and uniform properties
over the cathode area are also necessary and the
cathode films must be free of pinholes. Thicknesses
must be maintained to close tolerance. For low-noise
emission, the work function over the emitting sur-
face must be uniform or the useful emission area
will be small.

In spite of the difficulties, tunnel cathodes offer
inherent advantages, and experimental results are
encouraging. Densities to 10 amp/cm’—pulsed, to
avoid thermal breakdown—have been reported®;
densities for d-c operation are several orders of mag-
nitude lower. In experiments to now, emitted current
has been only a small fraction of the total circulating
current.

CONCLUSION—Work on cold cathodes is partly
aimed at developing electron sources that eliminate
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INSPECTING a tunnel cathode

inherent shortcomings of thermionic cathodes, which
include limited current density, high power consump-
tion, high temperature operation, high beam noise,
and long starting time. In addition, cold cathodes are
of interest for their nonlinear characteristics. Poten-
tial new applications exist in millimeter wave gener-
ation and amplification, low-noise amplification, high
beam resolution, high cathode efficiency, fast starting,
mixing, rectification and harmonic generation. At
present, the performance of cold cathode leaves much
to be desired, and none have replaced the thermionic
cathode in any important way. Nevertheless, a num-
ber of unique devices have already been built.

The authors wish to acknowledge the assistance of
Dr. W. P. Dyke in preparing this article.
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INDUCTORS NO PROBLEM
New Thin-Film Amplifier

By RICHARD LESLIE and THOMAS TOWNSEND., AIL Division. Cutler-Hammer, Inc. Deer Park, N. Y.

WHAT ABOUT THOSE BIG INDUCTORS?

Don’t use them. That's how the authors solved the problem of making
a thin-film amplifier. In addition, they solved a couple of other prob-
lems inherent with this type of device. They won't say what the
amplifier is used for, except that it is in a classified space pragrom

and is working well

LOGARITHMIC i-f amplifiers, of
tuned-stage design, do not lend
themselves to microminiaturization.
Inductors required are not compati-
ble with size reductions possible
with solid-circuit or thin-film tech-
niques. A 60-mc log i-f amplifier
with untuned stages has been spe-
cifically designed for microcircuit
fabrication. Of modular construc-
tion, the amplifier occupies only 4
cubic inches, which is a reduction
in volume of 20 to 1 over previous
log i-f amplifiers.
Successive-detection log i-f am-

plifiers derive the log characteris-
tic from the sum of the individual
responses of each amplifier stage.
These amplifiers have been designed
using tuned common-emitter or
common-base amplifiers. But there
is a major problem of miniaturiz-
ing inductors. Also, a tedious align-
ment procedure is required because
of reciprocal interaction of tuning
and logging adjustments.
Investigation showed that RC-
coupled amplifiers provide one solu-
tion to these problems. Untuned
stages at 60 Mc are possible using

_GROUND o~ 1€ I-F OUTPUT
l Ry Cs
1000 | 27pF o, VIDEO OUTPUT
B Q, enen EXTERNAL RESISTOR
I-F INPUT —g> 2N9I7 A ..
b}
2 Ry 3 R3 Re ¢ R7 = Cs 't'R
0§20 Rs 56074,700 | 1000pF ¥ T
\ _/
— 6v
(of _I_ Rq § G 1 ¢s
L000pF T 820§  7'1.000pF " 470pF
-12v
4 G
T ,0000F
b

SINGLE log i-f module—Fig. 1

one of the higher performance vhf
planar transistors. To minimize the
interaction of the i-f stages when
driving a common video load, one
video stage is included with each i-f
amplifier.

The log i-f stage is shown in Fig.
1. Under small-signal conditions,
video section Q. can be considered
as a small shunt conductance. Its
presence has only a second-order
effect on the operation of i-f section
Q.. In this case, Q, acts as a linear
r-c amplifier. Low-frequency cutoft
is determined by the coupling ca-
pacitor and by the bypass circuits
in the emitter. The upper-frequency
cutoff is a function of the load re-
gistance and the stray capacitances
in the circuit. With the wvalues
shown, the i-f bandwidth extends
from 20 Mc to 120 Mc (Fig. 2).
Gain is about 10 db for good log
operation.

As signal amplitude increases,
rectification occurs in the emitter-
base diode of Q,, causing the diode
current and the emitter voltage of
@, to increase.

Since the base of Q. is held fixed,
the collector current of Q. de-
creases, This action observed across
R, produces the sloped portion of
the video transfer characteristic.
The low-pass section between the
emitters of Q, and Q, prevents the
appearance of i-f at the emitter of
@.. As the signal level increases
further, transistor @, cuts off com-
pletely so that any further increase
in input-signal level does not appear
in the video output. The power
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Solving the problem

of inductor size in a
thin-film amplifier design
resulted in other

plus features

range over which log action takes
place is 10 db. By properly select-
ing the bias point, @, can be made
to cut off before the i-f output
power of Q, saturates.

A thin-film technique of fabrica-
tion was chosen because of the de-
sign flexibility allowed. For a 0.5
by 0.5 inch wafer, the normal limits
are: Resistors less than 100 kilohms'
and greater than 10 ohms; capaci-
tors no greater than 1,000 pf; ratio
of resistors within a module less
than 1,000; and resistor tolerances
greater than 5 percent. For un-
usual applications, the limits can be
extended slightly at a greater cost.

FABRICATION—In thin-film cir-
cuit fabrication, Fig. 3, a substrate
made of either glass or fired alu-
mina ceramic is placed in a vacuum
chamber. A mask containing the de-
sired circuit pattern is interposed
between the substrate and the ma-
terial to be deposited, nichrome for
resistors, beryllium copper for con-
ductors, and silicon monoxide for
dielectrics, is heated in a crucible.
Vapor is driven off in all directions
within the vacuum chamber. The
evaporating material passes
through the holes in the mask and
condenses on the substrate. Several
masks and deposition cycles are re-
quired to produce the finished cir-
cuit containing resistors and con-
ductors. During deposition, the sub-
strate is heated to provide a perma-
nent molecular bond between the
materials. Deposited silicon monox-
ide capacitors were not used in this
amplifier because of a number of
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COMPLETE log i-f amplifier showing module construction and relatwo

size compared with a penny

(=]

[}
(2]

RELATIVE GAIN IN DB

20 80 120
FREQUENCY IN MC

GAIN characteristic of a single log
i-f stage—Fig. 8

associated problems—primarily di-
electric breakdown due to minute
pin holes. Standard techniques for
eliminating pin holes result in too
low an insulation resistance.

After the material has been de-
posited and removed from the vac-
uum chamber, chip transistors and
capacitors are bonded to the sub-
strate. These components are sol-
dered to the appropriate deposited
elements.

LAYOUT—After careful study,
the complete layout of the log i-f
stage including transistors was de-
vised, Fig. 4. Environmental and
electrical testing of this circuit
shows that i-f circuit performance
is not degraded when converting
from conventional components to
thin-film circuits. In many in-
stances, circuit operation can be en-
hanced by microminiaturization be-
cause of the lowering of series lead
inductances and stray shunt capaci-
tances. The performance results for
the thin-film stage are identical to
those shown in Fig. 2 for the con-
ventional stage.

After determining feasibility of
the basic log stage, the require-

ments of the complete amplifier
were considered. In general, for the
successive-detection amplifier, the
accuracy is limited to either input
dynamic range divided by 100, or
0.5 db, whichever is greater. The
number of stages, N, required to
achieve this accuracy is

N = Input Dynamic Range (db)
Stage Gain (db)

For this application, the input dy-
namic range can be considered to
extend from —10 dbm to —70 dbm
so that the maximum accuracy is 0.6
db, and N = 7. Choosing seven
stages, a translation amplifier with
a gain of 8 to 10 db is necessary to

+1

SUBSTRATE

\\II

EVAPQRATION m

SOURCE

FABRICATION of thin-film cir-
cuits is performed using a vacuum
evaporation system—Fig. 8
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transistors identified—Fig. 4
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SEVEN-STAGE log i-f requires a translation amplifier to limit band-
width and a video emitter-follower to match the output to the load—Fig. 5

ensure the start of the log curve at
the lowest input power.

The overall log amplifier, Fig. 5,
requires about 7 Mc of band-pass
limiting so that a one-pole filter is
included in the translation ampli-
fier. However, the tuning inductor
is placed outside the translation-
amplifier module to permit substitu-
tion of other filters for other appli-
cations. The video emitter follower
is required to match the available
10-volt video output to its load.
Parallel emitter followers are re-
quired to produce the necessary
video power to a 100-ohm cable and
load.

Log operation by the successive-
detection principle can be explained
with the aid of the curves shown
in Fig. 6. Under no-signal condi-
tions, each video stage is adjusted
to contribute 1.5 ma to the common
load resistor R.. At a particular low
gignal power level, stage 7 begins
to detect causing the video current
to decrease. As the power increases
further, the video portion of stage
7 cuts off. Ideally, if the db gains
of stages 5 and 6 are exactly equal
to the range over which stage 7 con-
tributes to the initial portion of the
log response, stage 6 will start to
detect at the point where the video
portion of stage 7 cuts off. In this
manner, for each 10-db increase in
input power, 1.5-ma current incre-
ments are removed from the com-
mon load resistor producing the
complete dashed curve of Fig. 6.
After each stage has contributed its
portion of the overall curve, its in-
dividual i-f output saturates
thereby limiting the drive power to
successive stages and minimizing
recovery problems because of the
unequal positive and negative con-
duction impedances.

A straight-line curve is not
achieved in practice for several rea-
sons. First, preceding stage gains
are not absolutely equal or fixed
producing variations in the point at
which each stage starts detecting,
when referenced to the input. Sec-
ond, the absolute power level at
which the emitter-base diode of
each stage begins to detect is not
accurately defined and the break
point is not sharp. Third, the cut-
off point of each video stage is
rounded.

Seven log stages provide the re-
quired accuracy when taking into
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Dlete seven-stage amplifier—Fig. ¢

account gross deviations from the
ideal curve due to the limited power
range over which each stage adds
to the overall curve. Other factors
contributing to the inaccuracy can-
not be remedied by using additional
stages,

PROBLEMS—Size reduction in-
troduced a number of problems.
The greatest was that of stability.
Because of the large gain of about
18 db per linear inch, oscillations
were a constant problem. These os-
cillations can vary from 5 Mc (due
to improper power-supply isolation)
to 70 Mc (when interstage shield-
ing is inadequate or poorly
grounded)

By using toroidal choke power de-
coupling between the translation
amplifier and the first log i-f, and
between the first and second log'
i-f’s, the low-frequency oscillation
can be eliminated. Toroids are de-
sirable since much of the field is
contained within the iron core.
Careful stage shielding and ground-
ing can prevent feedback oscilla-
tions due to the proximity of the
stages. However, it is necessary to
maintain a center-to-center stage
spacing of about 0.3 inch for the
shielding to be successful.

Alignment of the stages to pro-
duce the overall log response can be
accomplished by either of two meth-

electronics e June 7, 1963

(B)

POWER IN DBM

TEMPERATURE COMPENSATION of the load resistor

decreases error at the high power levels (A); further
improvement may be had by using a temperature com-
pensated —6 volt supply (B)—Fig. 7

ods. The first and simplest starts
with the individual stages. As a
part of the module test, the value
of R, (Fig. 1) that produces a
known video stage current (I.,) is
determined. In this amplifier, it is
chosen as 1.5 ma, which is a com-
promise between the size of R, and
the change in i-f stage current as
detection takes eplace. With small
initial values of I,., R, must be
large to produce the required video
output voltage. Combined with the
parallel output capacity of the seven
stages, too large an R, will limit the
high-frequency video response. On
the other hand, if I,, is too large,
the variation of i-f emitter current
(1..) is too large over the detection
range, thereby affecting the i-f gain
during detection.

After the modules have been as-
sembled in a complete amplifier, the
nearest fixed resistor to the re-
quired value of R, is added to each
stage, and R, chosen to be equal to
V/T1.., where V is the required
maximum video output voltage. Ex-
perimental results show that an ac-
curacy of =200 mv with respect to
the ideal curve can be obtained in
this manner.

For greater accuracy, potentiom-
eters can be substituted for the
fixed resistors. The potentiometers
of the subminiature square type can
be inserted in the interstage space

required for stability. By this
means, the overall inaccuracy can
be reduced to =50 mv with several
points out only =100 mv (0.67 db)

TEMPERATURE EFFECT—Av-
erage error from the ideal curve as
a function of input power with tem-
perature as a variable, Fig. 7A,
demonstrates the effect of optimum
temperature compensation of R,.
The result is to decrease the error
at high power levels at the sacrifice
of increasing the error at low power
levels, although the overall maxi-
mum is decreased.

Although compensating R,
proved sufficient for the particular
application, further improvement is
possible by introducing a tempera-
ture-variable —6 volt power supply.
The required variation is only of
the order of tenths of a volt, but has
the effect of changing the slope of
the error-vs-power curve as a func-
tion of temperature, Fig. 7B,
thereby providing complete compen-
sation along with a variable R,.

Acknowledgment is given for the
assistance of William McCarthy
and Joel Byer in developing the
complete amplifier. The basic log-
arithmic stage is the work of Allan
Brown. Layout and fabrication of
the thin film modules was per-
formed by Varo, Inc.,, Garland,
Texas, under subcontract to AIL.
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age monitoring system that they have developed

AUTHORS Herzig (left) and Colbert check out the volt-

AAA REFERENCE
s SUPPLY .

|
J

&) weon By

r—— Y4 ——

b-C .
n SUPPLY

y BEING
F
%“e“o%s.ﬁ'éo OR MONITORED
(A) SENSITIVITY)

REDUCED inductence of saturated core (A) permits
of different polarity (B), two control windings are

Voltage Monitor Needs Only Two

Supply being monitored is compared with reference. Difference voltage feeds
saturable cores. Core saturation operates indicator lamp or closes relay

By MARIN C. HERZIG and DONALD C. COLBERT

Electronic Communicationa Inc., St. Petersburg, Florida

THE VOLTAGE MONITORING device described
here is essentially a saturable reactor controlling a
} watt neon lamp as shown in A. The monitor-unit
consists of two control windings and a signal wind-
ing wound on a pair of high-permeability cores. The
control windings are connected between a reference
supply and the voltage-divided output of the d-c
supply being monitored. When the power supply
output is at its proper potential, the voltages are
identical and d-¢c current flows through the con-
trol windings, producing no d-c flux in the core.
Consequently, the reactance of the 400-cps signal
winding is high, the volt drop across resistor R is
low and the neon indicator glows. If the d-c sup-
ply output increases or decreases from any cause,
the difference in potential across the control wind-
ings causes a current-flow which will saturate the
cores. The reactance of the 400 cps signal winding
is then reduced, the drop across R is increased, and
the neon indicator is extinguished.

Using a common commerical core material, a con-

trol winding current of about 0.2 ma will control

full operation of the indicator. With more sensi-
tive cores and more control-winding turns, a lower
current of 0.05 ma will control the indicator. In a
typical power supply, a voltage variation sufficient
to cause 0.05 ma current differential is very small,

~

giving a high sensitivity figure to the indicator.
Typical design data for a 400 cps indicator are
given in the table. These values can be varied over
wide ranges to provide an optimum design.

The minimum core gize is limited chiefly by the
physical size necessary for the windings since the
power requirements are very low. The number of
turns on the signal winding is a function of the
core material since the inductance must be sufficient
to develop the neon firing potential without self
saturation when no d-¢ flux is present. Typical
formulas are

E =444f N A, B, 10 (1)
where E = impressed voltage (about 50 volts for
a small neon), f = supply frequency in cps, N =
number of turns, A, = effective core area in square
centimeters, and B. = maximum flux density.

Alternatively L = 1.25 N* A, M, 10 @

1,

REACTOR DETAILS

CO® ......eoveessss Orthonic, 1.000 OD, 0625 ID,
0.188 thick

Control Winding.... 750 turns of No. 36 gage wire
each winding

Signal Winding...... 500 turns of No. 36 gage wire

Lamp ..c.vveveenees NES5] or NE2

Limiting Resistor R.. 56,000 ohms, 4 W
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high value of 400-cycle current, turns off indicator through large drop in R. With reference and monitored supplies
uged. Sensitive relay can be used instead of indicator lamp (C) if remote indication is needed

Saturable Cores

current through control windings of
contacts

where L = approximate inductance in henries, N
= number of turns, A, = effective core area in
square centimeters, M, = initial permeability, and
I. = effective core length in centimeters.

The two cores used in the monitor balance out
any a-c from the signal winding, which would
otherwise be induced in the control winding by
transformer action. Balancing-out the a-c¢ is neces-
sary, since it would appear in the power supply as
increased ripple and could also saturate the cores,
preventing proper indication.

The indicator can be used with any frequency in
the audio range. Since the control power require-
ments are modest, the indicator would monitor
audio and r-f potentials with the addition of a de-
tector between these sources and the control wind-
ings.

An additional control winding identical to the
first could be added to operate the indicator where
the reference voltage and the power supply voltage
to be monitored are of opposite polarity, B. This
would have application in a multivoltage power
supply using both positive and negative outputs
and where a single indicator is desired. One con-
trol winding would connect between the reference
and ground. The other control winding would con-
nect in phase opposition between power supply volt-
age and ground.

By adding a relay and rectifier configuration as
shown in C, an audible alarm or other high-power

electronics o June 7, 1963

REPLACING THE INDEX FINGER

Some electrical pioneers used to check working
voltages by moistening a finger and placing it firmly
on the live terminal. Their reactions were calibrated
in the distance they jumped. Later came the conven-
tional voltmeter, doubtless devised for the less hardy
experimenters. And now, with a whole slew of strin-
gent requirements placed on electronic equipment,
even voltmeters are barely adequate. If the system
vibrates, the voltmeter becomes unreliable; if lots of
voltage sources are to be monitored simultaneously,
a string of voltmeters takes too much panel space;
ond if a readout is required for under-voltage condi-
tions, the meter gets prohibitively expensive.

Obviously, something simple and cheap is required
to replace the meter—and saturable core units are
just the animals. The only panel space needed is
that required for a neon bulb. The bulb itself is also
fairly rugged and the same pair of cores can oper-
ate a relay with few extra components

readout may be controlled by the saturable reactor
The unit will still sense over and under voltage con-
ditions with only one relay.

The indicator can also be used as an accurate
means of presetting a power supply voltage by ad-
justing the voltage until the light comes on. Since
the indicator is a proportional control device rather
than an on-off device, the output voltage may be
adjusted for maximum lamp brightness, where low
voltage sensitivity is involved.

REFERENCE

(1) “Reference Data for Radio Engineers,” International
Telephone and Telegraph Corporation, New York, N. Y.
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COMPOSITE

TUNNEL DIODE pair (A) produces the composite volt-ampere curve of (B). A series diode combination produces

the curve of (C)—Fig. 1

How to Make Tunnel Diodes

Four tunnel diodes can be combined to produce a curve exhibiting three
positive-resistance regions separated by megative-resistance regions.
This can be used to make a tristable circuit or a bipolar pulse generator

A NUMBER of solid-state devices have been de-
veloped that exhibit a negative-resistance char-
acteristic. Notable examples are the tunnel diode,
the avalance transistor, the pnpn transistor and the
unijunction transistor. A considerable body of in-
formation is available in the literature regarding
the use of these devices as bistable elements, pulse
generators, logic elements and amplifiers. However,
little has been reported regarding the combination
of negative-resistance devices to produce unusual
terminal behavior.

Perhaps the best-known circuit that combines nega-
tive-resistance devices is the tunnel diode Goto pair.
The composite volt-ampere characteristic of the Goto
pair provides a convenient means of understanding
the terminal behavior of the circuit, and an investi-
gation of this characteristic reveals that the pair
possesses many outstanding features not shared by
the single tunnel diode.

This article shows that four tunnel diodes may be
combined to produce a composite volt-ampere char-
acteristic that exhibits three positive-resistance re-
gions separated by negative-resistance regions.
The salient features of the composite character-
istic are shown and a tristable circuit and bipolar
pulse generator described. These techniques also
apply to the combination of other negative resistance
devices.

TUNNEL DIODES—A tunnel diode is a two-ter-
minal nonlinear device that exhibits a static volt-

ampere characteristic characterized by peak current,
peak voltage, valley current, valley voltage and for-
ward voltage. For an applied voltage less than valley
voltage, the nonlinear characteristic is due to quan-
tum-mechanical tunneling. For applied voltages
larger that the valley voltage, the nonlinear char-
acteristic is due to the usual forward conduction of
a semiconductor junction. Because of this, the valley
region is relatively broad and temperature dependent
in contrast to the peak region which is sharp and
well defined.

TUNNEL DIODE PAIR—One extension of the non-
linear characteristics of the tunnel-diode is the
tunnel diode pair shown in Fig. 1A. This circuit
combines the volt-ampere characteristics of two
tunnel-diodes in such a way to form still an-
other nonlinear characteristic. The composite volt-
ampere characteristic is as shown in Fig. 1B. The
volt-ampere characteristics of the individual tunnel-

THREE-LEVEL TUNNEL

Tunnel diodes have become type-cast as high-speed
or high-frequency devices. Often overlooked is the
fact that several tunnel diodes can be combined to
produce unusual terminal behavior. As shown in this
article, you can now build a simple circuit having
three stable states

June 7, 1963 e electronics
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COMPOSITE

(B)

SERIES COMBINATION

v

TUNNEL DIODE PAIR

TRISTABLE circuit (A) produces the composite curve (B) with operation explained by (C)—Fig. 2

Even More Useful

diodes used in the circuit are displaced along the
voltage axis an amount equal to supply voltage F
and then the values of current at any given value of
voltage are added. The peaks of the pair character-
istic are determined primarily by peak current of the
individual diodes, thus both current peaks will be
more stable with respect to temperature than the
valley region of either tunnel diode used.

Two tunnel diodes may also be connected in series
to form the volt-ampere characteristic shown in Fig.
1C. When one of the tunnel diodes is in the forward
conduction region, the other is in the reverse tun-
neling region. Note that both connections have the
same resulting volt-ampere characteristic.

A TRISTABLE CIRCUIT—A circuit having three
positive-resistance regions separated by negative
resistance regions, and which can be used as a tri-
stable element is shown in Fig. 2A and 2B. This
circuit combines both the tunnel diode pair and the
gseries connection. For the peaks of the resulting
volt-ampere characteristic to be maximum, it is
necessary that the peaks of the pair characteristic
occur at the valley voltages of the series connection.
This requires that the supply voltages each be equal
toE =V, 4+ V,

To maximize current peaks of the tunnel diode
pair alone, each supply voltage should be set to E =
(V. + V,/2). Thus, a problem in selecting the opti-
mum supply voltage arises and it is necessary to
use diodes having different valley voltages for the
pair and series connections. In the circuit to be dis-
cussed, gallium arsenide tunnel diodes were used in
the pair circuit and germanium tunnel diodes were
used in the series connection. For this configuration,
each supply voltage should be set between E = Voo
+ meu-) and £ = (Vouan + Vewaan) /2.

Since valley voltage V, of the gallium arsenide
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University of Arizona, Tuscon, Arizona

tunnel diodes is considerably larger than the valley
voltage of the germanium diodes, reasonable limits
for the supply voltage can be set.

All four current peaks are primarily dependent
upon the tunneling region of a particular tunnel
diode in the circuit, therefore temperature problems
attendant with the valley regions are minimized.

Tristable operation can be achieved by using a
static load line which intersects all three positive-
resistance regions. A simple implementation of this
would be to connect a resistor in parallel with the
circuit as shown in Fig. 2C. Since the load line
must intersect all three positive resistance regions,
the minimum resistance is either (Va/—-1,) or
(~V,/1,,), whichever is larger.

APPLICATION—One application of the four-diode
circuit is the generation of a bi-polar voltage pulse
for the read-rewrite sequence of a tunnel diode
memory and such a pulse is shown in Fig. 3A. The
positive pulse reads the information out of the
memory and the negative pulse rewrites the informa-
tion destroyed in the read operation.

The volt-ampere characteristic of the tristable cir-
cuit is first altered by inserting tunnel diodes with
different peak current ratings such that the current
peaks of the composite characteristic will appear as
shown in the lower curve of Fig. 3A. An inductor is
then connected in parallel with the tristable circuit.
Since the static load line coincides witht the current
axis, the circuit will have only one stable operating
point located at the origin. This is under the assump-
tion that the internal resistance of the inductor is
negligible. The dynamic load line is horizontal, how-
ever, and intersects the composite volt-ampere
characteristic at three points.

If a positive current pulse of sufficient amplitude
is applied to the circuit, the operating point rises
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BIPOLAR woltage pulse with tristable composite curve (A). Linear equivalent model is shown at (B) and a

practical circuit at (C)—Fig.

above the first current peak at A, and switches to B.
When the trigger pulse is removed, the operating
point moves to point C. This is under the assumption
that the inductor is sufficiently large that the cur-
rent in the inductor remains essentially zero during
the application of the current pulse. The current in
the inductor now increases until the operating point
reaches point D; a further increase of inductor cur-
rent causes switching to point E. A reverse voltage
is now applied to the inductor and the current in the
inductor builds up in the opposite direction. When
the current reaches the value designated by point F,
switching occurs to the center positive resistance
region to point G. The current in the inductor then
decreases and the operating point moves back to the
origin.

The output voltage across the circuit during the
time it is in the transient condition will be a bi-

TRISTABLE wvolt-ampere characteristics (A), bipolar
voltage pulse (B) and bipolar voltages with high-speed
pulses shown at (C) Fig. 4
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polar voltage pulse similar to the one shown in Fig.
8A. By a similar reasoning it can be seen that if a
negative current pulse is applied to the circuit, a
single negative voltage pulse will be generated.

The length of either the negative or positive volt-
age pulse can be found by considering a linear
equivalent model (Fig. 3B) of the circuit while it
is in either of the positive-resistance regions. The
value of the voltage source is the zero current cross-
ing point of the composite volt-ampere characteristic
in the particular region of interest. One of the series
resistors is equal to the effective resistance of the
composite volt-ampere characteristic and the other
is equal to the internal resistance of the inductor. The
pulse length is given by T. = (L/R) log. [u, —
INDI/La, —191.

Here, I, is the initial current in the inductor and

I. is the value of current at which the circuit will
switch to another stable state. The final value I,, i8
found by dividing the equivalent source voltage by
the sum of the inductor internal resistance and the
approximate circuit resistance obtained from the
composite characteristic.
PRACTICAL CIRCUIT—A practical circuit for the
generation of bipolar voltage pulses is shown in Fig.
8C. When constructing the composite volt-ampere
characteristic, include each internal resistance R by
considering it a resistance in series with each of the
tunnel-diodes used in the tunnel-diode pair.

The positive-resistance regions of an experimental
device are shown in Fig. 4A. Since the sweep mech-
anism was essentially a current source, negative re-
sistance regions are not evident. The gallium arsenide
tunnel diodes that were used in the tunnel-diode
pair configuration were rated at 10 ma peak cur-
rent. The germanium tunnel-diodes used in the series
combination had peak currents of 20 ma and 4.7 ma.
A bipolar voltage pulse from this particular circuit
with an inductor of 0.9 mh is shown in Fig. 4B. A
much higher speed voltage pulse is shown in Fig. 4C.
For this circuit an inductor of 3.8 uh was used.
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THIS RECORDER WEARS TWO HATS

Practically every instrumentation tape recorder has
two heads, but this is the only one that wears two
hats. Wearing the first, it records and plays back in
the conventional reel-to-reel manner. (Not entirely
conventional, at that — the reels are uniquely stacked
to provide at least a 2:1 saving in space over ordina
recorders). .
Wearing its other hat, the instrument becomes a
continuous loop recorder (either fixed or variabie)
that will run circles around anything else you've ever
seen . .. in such jobs as monitoring recording, repeti-
tive analysis, and continuous recording and playback.

Changing hats is as simple as, well, changing hats.

s

electronics o June 7, 1963

Because the tape is housed in compact, interchange-
able magazines, you need merely detach the first and
snap the other into place, in seconds. No need to
rewind or wait until the end of the reel; the inter-
change can take place at any time, any place on the
tape.

We'd like to show you some of the many other
useful features of the highly versatile PI-200 recorder.
One of these features —its great economy of space
and weight —will enable us to carry a 14-channel
demonstrator into your laboratory in one hand. May
we? For a copy of our PI-200 brochure, address us at
Stanford Industrial Park, Palo Alto 20, California.

[SNI= S

PRECISION
INSTRUMENT
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RESEARCH AND DEVELOPMENT

Computer Translates Chinese

New IBM device
may speed processing
of technical texts

YORKTOWN HEIGHTS, N. Y.—
Machine translation from Chinese
into English has been achieved on
a limited scale by IBM Research
Laboratories here, working under
sponsorship of the U. S. Air Force.

Heart of the system is an in-
genious method of encoding the
thousands of Chinese ideographs
into digital language, in the form
of punched tape (18 bits per char-
acter), a process which can be
done by an operator without any
knowledge of Chinese, simply on
the basis of geometrical compari-
son. The present input unit uses a
modified typewriter.

Once the ideographs are entered
on tape, they are then subjected

204 4 R ko 817 6] ] o5 £
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WORD-FOR-WORD
TRANSLATION:

Rece ntly discover/discovery
magnetic core (de) switching
time possible shorten, therefore
use/consume it come make even
high speed (de) storage device
(le).

MACHINE TRANSLATION:

Recently discover switching time
of magnetic core possible
shorten, therefore possible use it
in order to make storage device
of even higher speed.

HUMAN TRANSLATION:

It has been discovered recently
that the switching time of mag-
netic cores can be shortened.
They, therefore, can be used to
make storage devices of even
higher speed.

to the basic steps of machine
translation:

(1) Automatic dictionary lookup,
which divides up the input stream
intomeaningful words and phrases,

(2) Addressing system, which
compares the resulting ‘‘record
lengths” of symbols against a
store of words (2,000 at present)
on a photographic disk film mem-
ory, and finds the longest possible
match for each sequence. This
match may be a phrase, word or
subclause, and provides grammati-
cal and semantic tags to identify
each part of the sentence.

(3) Automatic grammatical anal-
ysis, which scans each Chinese sen-
tence five times to check for word
sequences and special words that
may have an effect on the mean-
ing, and finally

(4) Automatic contextual anal-
ysis, a process that tries to
identify words which remain am-
biguous even after grammatical
analysis.

CODING CHINESE—The coding
system is based on a system de-
vised by Chinese novelist Lin Yu-
tang. It classifies about 6,500 ideo-
graphs into groups which have the
same or similar top and bottom
features. When the operator finds
the group with the correct top and
bottom features, an automatic dis-
play presents a table containing
all the words with these two
features. It is then only necessary
to match the desired character
with one on the table and punch
out the appropriate number.

The input device, called a Sino-
writer, is being built jointly by
IBM and the Mergenthaler Lino-
type Company for the Air Force
Information Processing Labora-
tory. It is expected that non-
Chinese-speaking operators can be
trained to type Chinese characters
into the translator at rates com-
parable to ordinary typing of
English. It is expected that the
vocabulary can be increased to
about 16,500 characters, necessary

into English

for general translating.

Present translating speed of ma-
chine is limited only by input and
output operations., IBM spokes-
men told ELECTRONICS that there
are no plans as yet for using auto-
matic pattern recognition for en-
coding ideographs, on account of
their extreme complexity.

WORD MEMORY—The process-
ing unit that actually does the
translating makes use of the same
type of large-capacity memory used
by IBM for Russian translation.
The memory can store some 500,-
000 Russian words, along with
grammatical rules and other trans-
lation information. Storage is on 11-
inch photographic film dises, with
tracks of black rectangles photo-
graphed on it on a #-inch path
near the outer edge. The 3-million
instructions are represented by 60
million binary bits.

Readout is by narrowly focused
light beam scanning the rotating
disc using a photocell. This process
is used for matching words; when
a match is found the code for it
is transferred into a storage regis-
ter. Average time to find a word
on the disc is 1/30 of a second.
Each word is followed by pertinent
grammatical information.

Direct MHD Conversion
Seen By Air Force Report

ELECTRICAL ENERGY can be extracted
directly from hot ionized gas, in
the opinion of Air Force research-
ers, according to a newly released
joint RCA-Air Force report on
electrodeless MHD generator re-
search.

In seeking a simplified MHD
(magnetohydrodynamic) induction
generator, analysis was made of the
electrical and gas characteristics
of a travelling-wave type generator.
In such a unit, a-c power would be
taken out by electromagnetic induc-
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ITT TUBES
FOR RADAR SYSTEMS

TR

MODULATOR

44 hydrogen
thyratrons

L e ]|

13 power triodes

RF OSC & DRIVER
40 TWT's
21 B;NO's

LS, C an.d X bands

|
A

RECEIVER
DISPLAY

28 storage tubes
212 to 11 inches

f

HV SUPPLY
12 vacuum diodes

R AR R o e S Y

|
1

8 hydrogen diodes
S to 200 kw

For today’s radar and ECM systems...166 tube types by ITT

HYDROGEN THYRATRONS —ITT Kuthe
makes the most complete line on the
market today . . . 52 basic types includ-
ing the industry’s broadest line of metal-
ceramic types designed to operate at
high repetition rates and high tempera-
tures in radar pulse circuits.

HV POWER TUBES-ITT offers a full line
of basic types from 5 to 200 kw, includ-
ing the most complete line of coaxial,
ceramic, and evaporative cooled tubes

electronics ¢ June 7, 1963

available. 25 types are specially designed
for radar switching, rectifier, clipper and
charging applications.

STORAGE TUBES—ITT offers the indus-
try’s most complete line with 28 types
from 2% to 11 inches. Features include
ITT’s exclusive ring flood gun which
eliminates trapezoidal distortion. Writ-
ing speeds up to 500,000 ips and erase
times as fast as 1 millisecond with high
brightness for radar display.

ITT

TWT's—ITT has recently added a com-
plete line of PM BWO’s to its existing
lines of 40 TWT’s and 21 BWO"s. Lat-
est TWT introduction is series of light,
rugged 1 kw metal-ceramic tubes ideal
for ECM and radar driver applications
inL, S, C and X bands.

These types are available today. Write
for complete specs. If you have a unique
problem which one of these 166 types
won’t solve, please tell us about it. We’ll
be happy to come up with number 167.

ELECTRON TUBE DIVISION

CLIFTON, NEW JERSEY

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
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ACTUAL SIZE
{Model 50A)

Manufactured
and sold under
Patent % 2,959,648

and pats. pend.

WHICH CHOPPER
WOULD YOU DESIGN
INTO YOUR SYSTEM?

Experienced pilots recognize
.the versatility of the big
chopper pictured above.

Upon inspection, seasoned
electronic engineers will be
quick to recognize the
versatility of USEC’s new

line of Talon DC-AC choppers.
They offer extremely low

noise level, low driving power
and are inherently reliable.
Offered in many different
packaging configurations,

both plug-in and wire-in,

the new line of Talon DC-AC
choppers are hermetically
sealed and provide unequaled
flexibility of application.

The new line of Talon DC-AC
choppers are normally supplied
for operation from a DC-450

CPS 6V source. Inquiries for

special requirements
are welcomed.

Write today for complete
operating specifications,

UNITED STATES
“sgﬂ ENERGY CORP.
(A Subsidiary of Talon Inc.)

300 MT. LEBANON BLVD.. PITTSBURGH 34, PA,
Telephone (412) 561-3440

Ad #634
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tion, thus eliminating electrodes.

A possible design of such a gen-
erator uses a large tube open at
one end and having a hollow sphere
at the other end. Heated air passes
over coal in the hollow sphere and
into the duct. Electrical coils placed
along the duct create a magnetic
field.

The report concludes that super-
sonic operation of the generator
would yield higher power densities
than subsonic operation. Power fac-
tor characteristics would be im-
proved by adding a ferromagn<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>