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SPECIFICATIONS

Internal Sweep:
Magnification:

Automatic Triggering:
Trigger Point Selection:
Single Sweep:

Bandwidth:

Sensitivity:

Internal Calibrator:
Input Impedance:
Balanced Input:
Phase Shift:

External Calibrator:
Cathode Ray Tube:

Intensity Modulation:
Power:
Size:

Price:

HEWLETT
PACKARD
COMPANY

SWEEP GENERATOR

21 ranges, 1 usec/cm to 5 sec/cm, accuracy within £3%. Vernier extends slowest sweep
to at least 12.5 sec/cm

X2, X5, X10, X20, X50, accuracy within £5% of sweep rates not exceeding a maximum
rate of 0.2 usec/cm

Base line displayed in the absence of input signal. Internal, 10 cps to 500 KC signal
causing 0.5 cm or more vertical deflection; also from line voltage. External, 20 cps to
500 KC, < 0.5 v p-p. Trigger point and slope, zero crossing, positive or negative slope

From +10 volts to —10 volts, positive or negative slope of external signal or internally
from any point of the vertical waveform presented on screen. Internal, 0.5 cm or more
vertical deflection. External, dc or ac coupled 15 volts p-p or more

Front panel switch

VERTICAL & HORIZONTAL AMPLIFIERS

DC Coupled: dc to 500 KC

AC Coupled (at input): 10 cps to 500 KC

AC Coupled (in amplifiers for trace stabilization): 25 cps to 500 KC at 0.2 mv/cm sensi-
_tiv(;t%l.5 Lower cut-off is reduced proportional to sensitivity down to 20 mv/cm where it
is 0.25 cps

0.2 mv/cm to 20 v/cm. 16 ranges in 1, 2, 5, 10 sequence. Attenuator accuracy, +3%
Vernier extends minimum sensitivity to 50 v/ecm

Approximately 350 cps square wave, 5 mv £3%

1 megohm shunted by 45 pf, constant on all sensitivity ranges
Available on all sensitivity ranges

Within = 1° relative phase shift to 100 KC

GENERAL

Approx. 350 cps, 500 mv 2%, front panel input

10 x 10 cm internal graticule type, P31 phosphor standard, P-2, P-7 and P-11 available,
same cost

Terminals on rear; 420 volt pulse blanks CRT at normal intensity
115/230 volts £10%. 50 to 1,000 cps approx. 90 watts

1634” wide, 7%2" high, 1638” deep; brackets furnished for quick conversion to 7” x 19"
rack mount. 32 lbs.

$695.00

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

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., 54-54bis Route des Acacias, Geneva; Canada,
Hewlett-Packard (Canada) Ltd., 8270 Mayrand Street, Montreal

8008 ®
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Measure
Low-Level Signals Directly

VERTICAL

SENSITIVITY /VERNIER
 VOLTS/CM MV/CM D

200 pv/cm sensitivity...500 KC
New hp 130C Oscilloscope



200 pv/cm sensitivity

500 KC bandwidth

Identical X & Y amplifiers

X2 to X50 magnification
No-parallax, no-glare CRT
Automatic triggering, beam finder
One instrument for rack and bench

MEASURE

VERTICAL
ITIVITY/ VERNIER

low-level signals directly
with the new hp

130C 500 KC Oscilloscope!

With the new & 130C Oscilloscope you get a
full 10 x 10 cm picture of low-level signals
without external preamplification. The 130C is
ideal for viewing output from low-level trans-
ducers, strain gauges, small signals in solid
state devices, detected RF, medical, physical
phenomena, phase shift, and X-Y plots.

Identical horizontal and vertical amplifiers
have 200 uv/cm sensitivity and 500 KC pass-
bands, with balanced input for rejection of
common mode signals. Near identical phase
characteristics of the amplifiers (less than 1°
up to 100 KC) permit highly accurate phase
measurements.

Automatic, versatile sweep circuitry makes
the 130C fast and easy for even inexperienced
personnel to use. Automatic triggering elimi-
nates complicated trigger adjustments. The
push button beam finder brings the trace onto

the screen regardless of control settings. To
further aid in locating the trace, a base line
automatically appears on the CRT in the ab-
sence of an input signal. The automatic
feature may be locked out, and a front panel
control set to select trigger level and slope
for special applications. A single sweep switch
allows viewing of transients.

The 130C is equipped with the & internal
graticule CRT that eliminates viewing and
photographic parallax error. An etched safety
glass faceplate cuts glare making the scope
easy to read in high ambient light. Easy access
modular construction allows both rack mount-
ing and bench use.

The specifications tell the detailed story.
Check them out. .. and then call your Hewlett-
Packard representative for a demonstration
on your own bench.
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BANK OF MIRRORS lining darkroom helps in final adjustment
of RCA color television receiver. Color tv will be a pace setter
among new consumer products. See p 49

ANTI-ICBM LASERS: Can They Be Developed? Yes, say laser
experts, but it will require the solution of many thorny engineer-
ing problems. Solar-pumped systems operating in spacecraft are
feasible

3-D BATTLEFIELD RADAR Uses V-Beam Antenna. Two feed
horns produce vertical and slant beams. This air defense radar
for the Marines gives altitude, azimuth and range information
directly

TWO MORE LASER ADVANCES. Nonlinear effects now make
possible conversion of a laser beam to any frequency and light
amplification. Another team of physicists reports on a low-cur-
rent technique for energizing superconducting magnets

MICROCIRCUITS GO ALOFT. Integrated circuits will soon be
operational in Navy’s airborne systems. In June or July, they'll
be introduced into airborne digital computers

TV TEST Uses Two Colors. Mexican system puts color picture
tube in black-and-white set. Inventor thinks a low-cost system
like this will open up the Latin American market

JAPANESE EXPORTS Keep Climbing. Another gain of 16 per-
cent in electronics exports is expected in 1963. Production is
also rising; an increase of 171 percent is planned by 1967

SPECIAL—CONSUMER ELECTRONICS: First of a Series.
New home-entertainment developments include small-sereen
transistor tv sets, build-it-yourself electric organs, stereo tape
recorders and f-m multiplex receivers. This may be the first
really big year for color tv. By S. B. Gray

ANALOG-TO-DIGITAL CONVERSION: New Method Provides
Nanosecond Resolution. Parallel sampling at predetermined
levels and time intervals requires a bank of eight circuits.
Sampling circuit outputs are fed to fast tunnel-diode switch-
ing circuits. By A. A. Fleischer and E. Johnson,

Edgerton, Germeshausen and Grier, Inc.

MAGNETIC FREQUENCY SEPTUPLER Gives Stable Output
Voltage. A master of magnetic-amplifier design tells how to run
400-cps equipment from a 60-cps line using only this static fre-
quency multiplier. Square-wave output voltage is stable against
large variations in three-phase supply.

By W. A. Geyger, U. S. Naval Ordnance Lab
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CROSSTALK

Equal Pay for Women

CONGRESS is again considering legislation to
require employers to pay women wages equal
to men if they do equal work. Whether HR 3861
or S 910 or some combination of the two is
adopted is of great concern to the electronics
industry. We depend heavily on women to staff
our production lines.

Of course we favor equal pay for equal work,
just as we oppose sin and defend motherhood.
But does everything have to be written into law
and draped with red tape? Laws that tell an
employer how to treat his employees should be
adopted only when flagrant and socially unac-
ceptable abuses need correction, as was the case
with child labor.

We defy any lawyer to draft a formula that
will tell an employer when his male and female
employees are of equal value to him. Men are
men and women are women and the two sexes
have different—different, not greater or lesser—
abilities. That’s not male chauvinism, that's
biology.

There are jobs in the electronics industry
that are usually done by women and rarely done
by men. For example, some of the fine hand
work required in semiconductor device assembly.
This kind of work cannot be equated against
work that requires broader technical experience
and judgment.

There is no denying that the average woman
is paid less than the average man in the elec-
tronics industry, but the average male employee
is generally worth more, long term, to an em-
ployer than the average female employee. That
is also a result of biology. Most men are com-
mitted to industry as a career, because of their
role as breadwinners. Most women can and
many frequently do exercise the option of becom-
ing homemakers rather than factory employees.

It is the rare employer who has not invested
substantial training costs in an employee. An
employee most likely to stick with the company
is a more valuable employee. Further, if an
employee invests his or her own time and money
in technical education that also makes the em-
ployee more valuable. Men frequently do this,
women infrequently.

So much for the average.

In a minority are women who don’t fit into the
general pattern. We mean women who maske a

electronics ¢ May 3, 1963

career of industrial employment and who leap
the biological barriers because of exceptional
talent or ambition. These women are of greater
value than the average male employee, should
be paid accordingly, and usually are. The em-
ployer who cannot appreciate the worth of an
exceptional woman is a dolt, but equal pay legis-
lation won’t correct his stupidity.

ELECTRONICS AND THE CONSUMER. If, like many elec-
tronics engineers, your contact with consumer elec-
tronics is now limited to adjusting your tv set or
fiddling with a hi-fi, you'll be pleasantly surprised to
find just how sophisticated consumer electronics is
becoming.

The design of consumer products has kept up well
with recent advances in electronics. In a three-part
series on consumer electronics, beginning in this
issue on p 49, Assistant Editor Gray reports, for
instance, on a tiny hearing aid with an integrated
amplifier circuit, a doppler security alarm the size
of two table-model radio receivers, a microwave oven
that heats in six seconds, and a model train control
that uses silicon controlled rectifiers to separate the
controlling r-f frequency from the a-c track voltage.

This week, the subject is entertainment, from tv
receivers to f-m multiplex. Next week, we get into
electroluminescence, silicon controlled rectifiers and
their many applications, and auto ignition. In the
third article, the topic is appliances and housewares,
from thermoelectric cooling to an electronic tele-
phone dialer, We think you’ll be interested, not just
as a consumer, but as an engineer.



ARMAG :PROTECTED
DYNACOR®
BOBBIN CORES
AT NO EXTRA COST!

Tough-as-tortoise-shell Armag
armor is an exclusive Sprague
development. It is a thin, non-
metallic laminated jacket for bob-
bin cores that replaces the defects
of nylon materials and polyester
tape with very definite advantages
—and, you pay no premium for
Armag extra protection.

Tough Armag is suitable for

use with normal encapsulation
techniques on both ceramic and
stainless steel bobbins. It with-
stands 180°C without deteriora-
tion—is completely compatible
with poured potted compounds
—has no abrasive effect on cop-
per wire during winding—fabri-
cates easily to close-tolerance
dimensions—inner layer is com-
pressible to assure tight fit on
bobbin—does not shrink, age or
discolor.

For complete data covering the

wide range of Dynacor standard
and custom Bobbin Cores, write
for Engineering Bulletins to Tech-
nical Literature Service, Sprague
Electric Company, 35 Marshall
Street, North Adams, Mass.
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COMMENT

Dynamic Null

In reference to the article, New
Method for Measuring Equipment
Performance (p 78, March 15), 1
do not believe that the method out-
lined by the author can be said to be
a new one. An examination of p 280
of the 1962 Radio Amateur’s Hand-
book will reveal that author Haynes
has modified a well-known and
widely used method which differs
but little from the one discussed in
the article.

RICHARD R. SLATER
Oklahoma State University
Stillwater, Oklahoma

Author Haynes replies:

I was unable to locate a 1962
Radio Amateur’s Handbook, but did
find a 1963 edition. The method
therein described (pp 283-4) is, as
Mr. Slater states, well known and
probably adequate for checking out
ham gear. It would be virtually
useless, however, for evaluating in-
strumentation equipment. Even as-
suming the oscilloscope vertical
and horizontal amplifiers to have
identical (or negligible) distortion
and phase shift, the measurement
is limited by the resolution of the
scope trace to about two percent.
Using the Dynamic Null method,
measurement of errors is limited
only by the sensitivity of the ver-
tical amplifier. Errors of 0.02 per-
cent are easily measured in a 10-
volt signal. This is the essence of
a null form of measurement.

JOHN L. HAYNES
Redwood City, California

Government Patent Policy

I note with renewed frustration
and alarm, under Washington This
Week (p 12, March 29) that presi-
dential adviser Jerome Wiesner, in
a message to Congress, has struck
a middle ground between NASA's
and the Defense Department’s pol-
icy relative to “who gets the pat-
ents.”

Here, as in the past, the intellec-
tual and creative rights of em-
ployed inventors are given not the
slightest consideration, yet only
they can create the innovations

which both the government and cor-
porate contractors would claim. All
the gold in Ft: Knox cannot create
anything; neither can the great
governmental or corporate show-
place laboratories, or their project
teams. Creativity, wherever one
finds it, in science, in engineering,
or in the arts, always has been and
must still be the product of a single
human mind. But present patent
practices, and those now proposed,
can only strangle its productivity
for the very simple and obvious rea-
son that no incentives or rewards
exist for it.

The patent productivity in Eu-
rope and Russia, per million of
population, exceeds our own by fac-
tors as high as ten or more. The
obvious reason for this lies in their
laws, even now being strengthened,
which provide compulsory, realistic
remuneration for employed in-
ventors.

BENJAMIN F. MIESSNER
Miami Shores, Florida

Thermocouple Circuit Tester

In my Research and Development
article, Tester Checks Out Thermo-
couple Circuits (p 102, March 15),
two slight editor’s revisions were
made in the original which I feel
should be corrected in the interest
of complete clarity and accuracy.

In the first sentence, the tester is
said to “check out thermocouple in-
stallations . . . without causing any
temperature change on the thermo-
couple junction.” The word “caus-
ing” loses the sense of the state-

ment, which should read “. . . with-
out applying any temperature
chang . ..”

The third sentence, as it ap-
peared, states “The resistance, per
100 feet, of 28-gauge wire at 68 deg
F varies from 6.489 ohms for cop-
per to 266 ohms for Chromel-P.”
The inference here is that copper
and Chromel-P are used together,
which is not the case. The various
combinations of wires used, and
their resistance differences, should
be expressed as “copper, 6.489 ohms
and constantan, 184.0 ohms; iron,
37.63 ohms and constantan, 184.0
ohms; Chromel-P, 266 ohms and
alumel, 110.8 ohms.

SIGMUND MEIERAN
Aero-Space Division
The Boeing Company
Seattle, Washington

May 3, 1963 o electronics




SILIGON

fiED .

EFFECT

l
f
TRANSISTORS ' 2N2386 | ‘ |

2N2794

These P-channel diffused silicon transistors embody all the desir-
able characteristics inherent in the field effect design—low input
capacitance and highimpedance. Use of an S-shaped gate configura-
tion contributes to the exceptionally low capacitance  Tung-Sol's
wide application experience with injection transistors and vacuum
tubes — features of which are combined in the field effect tran-
sistor —is an important consideration for anyone seeking a com-
petent source of this advanced semiconductor device  Write for
complete technical information. Tung-Sol Electric Inc., Newark 4,
N.J. TWX: 201-621-7977

TYPICAL ELECTRICAL CHARACTERISTICS (250C)

TEST SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Orain Current Ipss Vps=—10V, Vgs=0 3.0 mA
2N2386 Forward Trans- Yes Vos=—10V, Vgs=0 1000 3000 umho
admittance f= 1Kc
Drain Current lpss Vps= —10V, Vgs=0 1.5 S mA
2N2794 Forward Trans- Yes Vos=—10V, Vgs=0 1000 3000 pmho
admittance f= 1K¢

/\ TUNG-SOL

QUALITY
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. SUPPLY
L UNDER*100

A Big New Price Step—357, Below Germanium Units

New Development. Here is a unique
combination of low cost and high re-
liability. Featuring all silicon semi-
conductors throughout, these sup-
plies are priced as much as 35%
lower than comparable germanium
supplies.

Designed to operate in ambient
temperatures up to 50°C without an
external heat sink, they may be used
up to 75° with a comparatively small

CONSOLIDATED AVIONICS CORPORATION

external heat sink or with forced air.

““Worst Case’’ Analysis designed,
these supplies are capable of operat-
ing under the worst possible condi-
tions with a ‘“‘Mean Time Between
Failure’” that rivals many supplies
costing two or three times as much.

For the full money-saving details
on Con Avionics new HT Series
Silicon Power Supplies, send for
literature today.

SPECIFICATIONS
Regulation Accuracy............oeoen.n. +0.5%
Ripple.......cooovviviveninnn, 10 mv RMS Max
Max. Operating Ambient................... 75°C

Automatic Short Circuit Protection.
Models available from 6V @ 1.5A to 32 V @ 600 ma

Dimensions............. 4%" H, 4%6" W, 5%" D

[N
F- -
¥ A Member

of The Condec Group

800 SHAMES DRIVE, WESTBURY, L. ., NEW YORK

CIRCLE 6 ON READER SERVICE CARD



electronics NEWSLETTER

SAC Head Wants Space Command Station

DALLAS — Renewed charges
that the military’s space pro-
gram is floundering were made
last week at the Manned Space
Flight meeting here, cosponsored
by NASA and the American In-
stitute of Aeronautics and As-
tronautics.

Gen. Thomas S. Power, com-
mander of the Strategic Air Com-
mand, warned that the nation’s
survival would be at stake if the
U.S. is confronted with a “space
Cuba.” He said men should be
trained to operate a deep-space
command station.

Courtland D. Perkins, of Prince-
ton’s aeronautical engineering de-
partment, said the “rambling and
largely unsupported” R&D program
of the Air Force needs to be
brought into focus. He urged sup-
port of the X-20 Dyna-Soar and
Blue Gemini programs, with the
possible addition of a manned mili-
tary space station and dual-launch
space plane system.

The military is “groping around
for better state-of-the-art, better
concepts, and better arguments” to
develop military space missions in
all fields except surveillance, Per-
kins charged.

Other officials warned that ‘“go”
decisions must be made now if sys-
tems and techniques are to be de-
veloped in time to land men on Mars
during 1973-756. Mars will be in a
favorable position then for inter-
planetary travel. It won’t be again
until 1984.

NASA reported that the arc jet,
resistojet, contact ionization and
electron bombardment ion engines
are moving into engineering phases.
Snap-10A, a 500-w nuclear system,
has shown “some success” and is
“expected to be integrated with the
nuclear system this year, with
flight tests within two years.”

California Site Bounces

Microwaves to England

THE MOON was the middle link last
week in what is believed to be the

electronics ¢ May 3, 1963

COLOR COVER PHOTO SENT BY RELAY

First successful satellite transmission of a full-color photograph
by facsimile was accomplished April 25 by ELECTRONICS with
the cooperation of NASA Headquarters, Goddard Space Flight
Center, RCA Communications, Inc., RCA, ITT and American Cable

& Radio.

The photograph will appear on our May 24 front cover. Three
color separations, used for preparing the color printing plates,
were transmitted via NASA’s Relay satellite from Nutley, N. J.,
to the Goonhilly Downs station in England. Polaroid black-
and-white photos of the experiment were also transmitted late

in the same satellite pass.

An article in our May 24 issue will detail the color transmission

technique employed.

At the same time, neighboring channels transmitted an electro-
encephalogram from Burden Neurological Institute, Bristol, Eng-
land, to the Mayo Clinic for readout at Minneapolis, Minn.

longest direct microwave hook-up
ever achieved—5,333 miles from
Camp Parks, Pleasanton, Calif., to
the Royal Aircraft Establishment
at Farnborough, England. Camp
Parks, point of origin for the X-
band transmissions, is a MIT
Lincoln Laboratory field site. Its
cassegrainian antenna system, us-
ing a 60-foot paradoloidal reflector,
was designed primarily for Project
West Ford. Transmission was at
the standard 60 wpm teletype rate.
Special design features of the re-
ceiver combat smearing in the dop-
pler shift and in relay.

How Do Missiles
Affect Radiation?

CAPE CANAVERAL—The Air Force
wants to find out if the presence
of missiles affects the amount of
radiation found at high altitudes.
Under Project Hi-Tab, it will launch
a large number of Aerobee rockets
from Walker Cay in the Bahamas to
get a thorough mapping of natural
background radiation.

Launches will be made under all
weather conditions. Flight altitudes
will be about 135 miles. When this
program is completed, similar

rockets will be fired in conjunction
with missile launchings here to
measure any differences in back-
ground radiation. This part of the
the project is known as Tabstone,
for Target and Background Signal-
To-Noise Experiment.

Japan Starting to Make
16-Inch Color Tv Sets

TOKYO—Japanese tv makers hope to
popularize color tv by October, 1964
—in time for the Olympics here.
Unable to agree on a standard 16-
inch color tube, the size they think
is most likely to win wide accept-
ance, manufacturers will soon start
production of 16-inch color sets
using three different types of 3-gun
shadow mask tubes.

The main differences between the
tubes will be in deflection angle and
size of front faceplate. First sets
using these tubes are expected to
go on sale around the end of Au-
gust. EIA-Japan was unsuccessful
in its attempts to persuade set mak-
ers to settle on a standard tube and
now hopes that the customers will
display a marked preference for
one type, forcing the others to
adopt it.



Space Tracker

48 -INCH spectrometric telescope
built by MIT Lincoln Laboratory
will probe the thermal, clectrical
and aerodynamic phemomena that
occur 1when a space vehicle reenters
the earth’s atmosphere. Located at
Arbuckle Neck. Va., the telescope
can lock onto the faint tiny glow
from a fast-moving target. The
radiometer (right), measures light
intensity in the near infrared re-
gion

nounced it will waive commodity
taxes on transistor tv set until
March 31, 1966. This is expected
to cut domestic prices about 10 per-
cent. The resulting increase in pro-
duction should mean an eventual
cut in export prices too.

Long-Life Plasma
Claimed by Russians

mMoscow—The Kurchatov Atomic
Energy Institute has produced a
plasma with a period of retention of
“hundredths of parts of a second,”
Pravda claims. A “magnetic field of
an intricate geometric form” was
used. The temperature was said to
have been 40 million C and density
approximately 10 billion particles
per cc.

Reportedly, the installation was
built on the principle that “one of
the peculiarities of employing a
magnetic system is that the power
of the field increases on all sides
from the sphere occupied by the
plasma.”

“Plasma occupying a volume of
several dozen liters in a vacuum
chamber does not reveal those ordi-
nary types of instability which were

earlier considered irremovable,” the
newspaper said. Soviet scientists
now hope to raise plasma tempera-
ture to 200 million degrees and in-
crease density a thousand-fold,
Pravda said.

A-Blast Detection Puzzle:
Where’s the Epicenter?

WASHINGTON—Epicenter location is
still the bugaboo of scientists trying
to identify nuclear tests by remote
instrumentation. Locating the
depth of a disturbance is little bet-
ter than two years ago when instru-
ments were ‘‘recording’ explosions
1,200 feet underground as being as
much as 30 miles in the air. Since
most earthquakes occur 3 to 12
miles down. where nuclear tests are
not feasible, epicenter location
within a 1,000-vard tolerance is
seen as a crucial factor to identi-
fying tests.

DOD Aide Urges Use
Of Microcircuits

pALLAS—The space industry should
use microelectronic circuits wher-
ever possible, James Bridges, direc-
tor of electronics in the DOD’s Of-
fice of Defense Research, said at
the Manned Space Flight meeting
here last week. He said that micro-
circuits offer the best hope for ob-
taining the reliability levels needed
for manned space flights.

Tunnel Diode Used
In Computer Memory

IBM HAS INSTALLED for study pur-
poses a tunnel-diode memory unit
in the Stretch computer at its
Poughkeepsie development labs.
Company says this is the first time
such a unit has been used in an op-
erating computer. One possible ap-
plication is as a buffer.

In Stretch, the memory has a
storage-retrieval cycle time of 600
nsec and has reached 200 nsec in
tests—three times the speed re-
quired by any existing computer,
IBM says. Capacity is 17 words of
74 bits each.

In Brief . . .

NATIONAL ACADEMY OF SCIENCE gave
its backing last week to a pro-
posal that would establish a Na-
tional Academy of Engineering
(p 8, Oct. 5, 1962).

NATIONAL BUREAU OF STANDARDS has
obtained interference fringes
over a 200-meter path using a
laser light source. Work is now
under way to stabilize the laser
for interferometric calibrations
of length-measuring devices.

TOP EXECUTIVES of the nation’s
space projects deserve higher sal-
aries, says Charles W. Frick. He
resigned from his $20,000-a-year
job as head of Project Apollo to
return to private industry.

STOCK HOLDERS of Beck’s, Inc. have
been asked to approve the sale of
the firm to Control Data Corp.

AIR REDUCTION CO. sees future uses
in welding of light gauge ™metals
and chemical synthesis for its
new 9-w, c-w laser.

TOSHIBA will supply tv sets to Sears
Roebuck for sale under Sears’
trade names.

GE IS ADDING a new computer, the
GE-235, to its medium-range line.
Typical cost is $475,000.

YOKOGAWA will form a joint venture
company in Japan with Hewlett-
Packard to produce instruments.

GOVERNMENT MARKET for simula-
tion systems totaled $250 million
in fiscal year 1962, according to
Smith, Winters, Mabuchi.

SOLION TETRODE produced by Self-
Organizing Systems, Inc. is used
as the analog memory element in
a machine called Child (for
Chemical Hybrid Intelligent
Learning Device) being built by
the Air Force.

PROPOSED MERGER of Baird-Atomic
and Allied Research Associates,
Inc. has been called off.

A TITAN II launched from an under-
ground silo last week hit a target
more than 4,000 miles away.

30 rCca 301 computers will be in-
stalled at 10 key sites of the Air
Force Logistics Command to re-
place over 500 pieces of punched
card equipment.
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New from Sprague!

FOIL TANTALUM CAPACITORS for satellites and other high-
vacuum cnvironments are now available from Sprague Electric.

The new Type 142D and 143D hermetically-sealed Tantalex®
Capacitors utilize a true glass-to-metal seal for these applications.
The seals on these new capacitors will not diffuse more than three cubic
centimeters of helium in ten years*, enabling them to survive the extreme
vacuums of outer space!

Type 142D and 143D Tantalex Capacitors are beyond the pilot
production stage. They’re available now in plain-foil or etched-foil, polar-
ized or non-polarized construction, with voltage ratings up to 450 VDC.

@ iiiﬂ(}ii |

If you have need for this premium product, write for further infor-
mation (on your letterhead, please) to Tantalum Capacitor Section, Field
Engineering Department, Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts.

*by mass spectrometer test at one atmosphere

SPRAGUE COMPONENTS

®
CAPACITORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE s p n n E
TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES

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

43C103+6) *Sprague’ and ‘@)’ are registered trademarks of the Sprague Electric Co.
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Ajrcraft & missiles can now fly automatic, ground

Terrain Following Radar now enables air-to-ground missiles,
drones and aircraft to fly automatically at selected low alti-
tudes permitting penetration below early warning radar. This
new on-the-deck mission capability and many others can be
added to all types of aircraft by the General Dynamics|Elec-
tronics Terrain Following Radar. The system, which detects
all terrain obstacles and transmits continuous instructions to
pilot or autopilot, is suitable for both military and commer-
cial aircraft.

*THOROUGHLY TESTED — More than 25,000 miles of actual
low level flight tests and 200,000 miles of computer simulation
have proven the system’s capability and reliability. In one
test an aircraft flew at 400 feet from San Diego, California,
to Las Vegas, Nevada, over some of the roughest terrain in
the United States without the pilot having touched the con-
trols. Available now, the versatile General Dynamics|Elec-

tronics unit is suitable for manual or automatic blind flying
at speeds from 100 knots to well in excess of Mach. 2.5.

compacT, LIGHTWEIGHT — The General Dynamics|Elec-
tronics Terrain Following Radar is the only thoroughly and
successfully tested system compact enough to fit in any air-
craft and is readily adaptable to air-to-ground missiles. The
low-powered, lightweight system weighs only 40 Ibs. and oc-
cupies 14 cubic foot. The design is so simple that preflight
calibration and alignment are not necessary.

apPLICATIONS — Besides adding all-weather, low-level mis-
sion capabilities, the system permits safe, automatic let down
through cloud cover to non-instrumented air fields. It also pro-
tects aircraft flying through unfamiliar mountainous terrain.
in periods of poor visibility. During any ground-hugging
flight the radar system frees the pilot to observe or operate
navigation and other equipment.




UNMANNED

hugging missions with compact, proven™ radar

RELIABILITY — As a result of simplicity of design the system : T
is highly reliable and requires an absolute minimum of main- i
tenance. This factor is enhanced because there is no scanning
antenna and no requirement for a radar scope. For further
information on Terrain Following Radar, write to Department

D-21, General Dynamlcs|Electromcs — San Diego, P.O. Box
127, San Diego 12, California.

TFR) can B Mmolnied Dripod. fort fass) field tust ullarion

SPECIFICATIONS:

FREQUENCY: Ku Band

POWER IN: 1 amp, 28v d-c, 2 amps, 115v a-c, 400 cycles
POWER OUT: 10 KW peak

WEIGHT: 40 pounds

CIRCUITRY: transistorized.

GENERAL DYNAMICS | ELECTRONICS Gﬁl I ID SAN DIEGO
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DOD PROPOSES
CHANGES IN
PROPRIETORY
DATA POLICY

DCA PUSHES

COMMUNICATION
NETS—IN SPACE
AND ON EARTH

MORE PLUGS
OVERSEAS FOR
ELECTRONICS

SATELLITE
CORPORATION
GOES TO WORK

12

WASHINGTON THIS WEEK

DEFENSE DEPARTMENT proposes wide-ranging changes in the
Armed Services Procurement Regulations dealing with proprietory data
—long a source of controversy. Industry complains of excessive military
demands for contractors’ trade secrets and inadequate protection of
proprietory data from commercial competitors.

On May 7, industry representatives will discuss with Pentagon
officials proposed changes that are both liberalized and more restrictive.
On one hand, they would allow acquisition of unlimited proprietory
data in formally advertised contracts. This would primarily involved
follow-on production contracts for items developed at military expense
and “broken out” for competitive bidding. EIA opposes this change.

On the other hand, DOD also proposed to broaden its recognition
of proprietory data. Aim is to discourage so-called “reverse engineer-
ing” by protecting proprietory data ‘“not readily disclosed by inspec-
tion or analysis.” In effect, the change in definition expands the volume
of protected proprietory data.

DEFENSE COMMUNICATIONS AGENCY will award con-
tracts soon for program definition of a military communications satellite
system. The time goal to get an R&D system in orbit is two years follow-
ing contract awards, roughly around 1965.

DCA has decided to proceed with a system based on present state of
the art—several satellites at altitudes from 4,000 to 6,000 miles in
polar orbit. Synchronous satellites were rejected for the first system
because of the research still required and vulnerability to enemy jam-
ming and interference.

DCA will also modernize and expand its world-wide communications
facilities to provide automatic switching for voice, teletypewriter and
data communications among overseas bases and between U.S. and
foreign sites. Two networks are involved: Autovon, for voice, and
Autodin, for data and teletypewriter communications. Both jobs will
be under contract this fall and operational sometime in 1965.

ELECTRONICSis getting new emphasis in Department of Com-
merce efforts to improve the overseas position of U.S. products. Officials
are conferring with industry to identify possible areas of concentra-
tion. Trade center shows of advanced components are being planned
for London and Frankfort this winter. In light of European competi-
tion, advanced components are seen as the best initial area of emphasis.
Also, the instrument and lab apparatus promotion now in Tokyo will
go to England and Germany later.

SENATE CONFIRMATION of the 14 board members of the new
Communications Satellite Corporation frees the group to get on with
the job of establishing a commercial satellite communications system.
The next big step for the corporation is to issue stock to the public and
communications carriers, probably within another year. Manpower re-
quirements, R&D needs and anticipated use by carriers, which will
determine amount of stock issued, are now being studied.

May 3, 1963 e electronics



We produced the world’s thinnest (.005 diam.) flux-core solder

... then somebody dropped it!

Less than twice the size of a human hair, this
new Kester wire solder they’'re looking for is
just .005" in overall diameter. Try to find that
on a tweed carpet!

This new Kester solder has a hollow core filled
with flux. To produce this takes ingenuity. It
requires the most precise manufacturing
standards to conform to the rigid specifica-
tions of the electronics industry. Can you

visualize using this .005" diam. Kester Solder
in your manufacturing operation? Perhaps this
is just what you need to solve your most diffi-
cult precision soldering problem. Kester will
offer engineering assistance if you will state
briefly your application situation. Write today.

KESTER SOLDER

KESTER SOLDER COMPANY

4202 Wrightwood Avenue, Chicago 39, lllinois « Newark 5, New Jersey « Anaheim, Calif. « Brantford, Ontario, Canada
Over 64 years manufacturing quality solders and fluxes

electronics ¢ May 3, 1963
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THAN 100 KLEIN PLIERS

SPECIALLY DESIGNED FOR THE

ELECURONIC [FIELD

Special skills are important in the wiring of today’s
sophisticated assemblies for electronic and telem-
etry systems. Klein has developed special pliers
to assist in solving difficult assembly problems.

¢ For instance, there is a plier with a blade as
hard as a file for cutting nickel ribbon wire
(No. D230-4C).

e For instance, there is an oblique cutter, spe-
cially designed for printed circuits . . . it cuts
and crimps the end to hold wire in place for
soldering. (D 052-C).

e For instance, there is a needle nose plier with
the tip bent to facilitate reaching into con-
fined spaces. D 338-514 C

In all, there are over 100 different styles and sizes
of pliers available from stock. Klein will be glad to
discuss with you the development of a special tool
to solve a particular problem you may be facing.

N

ASK YOUR SUPPLIER D 326-5 [,

sKLEINSS
The Klein Plier Catalog illustrating and

Established 1857
describing the complete Klein line of INCORPORATED

pliers is available on request. 71200 McCORMICK ROAD, CHICAGO 45, ILL.
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“Ultra-Reliable'’ is a name that we have given, after
31, years of evaluation studies, to both a new pro-
gram and a new potentiometer. The program is
unprecedented in its severity, thoroughness and
- single-mindedness; its one goal is reliability. The
- potentiometer is the first of its kind ever offered; its
key advantage is statistically verified reliability.

.- DS T

~ Never before has a company reliability program been
' so comprehensively planned and impiemented. Never

before has a potentiometer undergone such relentless
. checking, sampling, screening and testing. Selected
personnel produce the units, working with small,
rigidly controlled lots in a separate production area.

. Complete acceptance test results accompany every
shipment of these potentiometers. Documentation of
reliability as test verification progresses beyond

r 0.01% (failure rate per 1000 hrs. at 609 confidence

. level) is sent to each customer four times a year. If

—— -

urgent demands of critical projects, you want Bourns -
Ultra-Reliable potentiometers. They're available off
the shelf. Write for detailed technical data.

40-PAGE PROCUREMENT DOCUMENT AVATLABLE
containing all you need to draft a specification for an
Ultra-Reliable potentiometer. Just write or call, and
your personal copy will be delivered by a Bourns
field engineer. !

TRIMPOT "ULTRA-RELIABLE POTENTIOMETER SPECIFICATIONS

e . 3 '!L )
: .
ACTUAL SIZE 31

Element: Wirewound
Resistances: 1000 to 20K
Power Rating @ 70°C: 0.5 watt
Max. Op. Temp.:150°C

- you want potentiometers that squarely meet the most umidity: Meets MIL-STD-202, Method 106 >
. e ) T - ':
Eg 'Ij ' AL e T : i
Bty A 5 i
ULTRA- %99 T |
JEUTS |
RELIABILITY  «
CONCEPT
— a method now f”.' ' v _
producing g ' 3 el
potentiometers ) NUAT B
with statistically ]' £ - I
verified reliability = :
- d
; AT ot v .

[

e (P :11
B :

BOURNS
s mm—— e

BOURNS, INC.. TRIMPOT DIVISION

1200 COLUMBIA AVE.. RIVERSIDE CALIF

PHONE 684-1700 - TWX: 714.682 9382
CABLE: BOURNSINC

MANUFACTURER: TRIMPOT® SINGLE- AND MULTI-TURN POTENTIOMETERS, TRIMPOT RELAYS, PRECISION POTENTIOMETERS. PLANTS: RIVERSIOE, CALIF.; AMES. IOWA: TORONTO, CANADA

electronics ¢ May 3, 1963
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TRUSTWORTHY NAMES IN
ELECTRICAL PROTECTION

Save Time

By using BUSS as your source for fuses, you can.
quickly find the type and size fuse you need. The com-
plete BUSS line of fuses includes: dual-element “slow-
blowing’’, single-element “‘quick-acting’’, and signal or
visual indicating types . . . in sizes from 1/500 amp. up-—
plus a companion line of fuse clips, blocks and holders.

BUSS Trademark Is Your Assurance Of Fuses
Of Unquestioned High Quality
For almost half a century, millions upon millions of
BUSS fuses have operated properly under all service
conditions.
To make sure this high standard of dependability is
maintained . . . BUSS fuses are tested in a sensitive

16 CIRCLE 16 ON READER SERVICE CARD

@‘ <4 p
and Trouble by standardizing
on BUSS Fuses—You’ll find the right fuse

every time...in the Complete BUSS Line!

electronic device. Any fuse not correctly calibrated,
properly constructed and right in all physical dimen-
gions is automatically rejected.

Should You Have A Special Problem in Electri-
cal Protection . . . BUSS fuse engineers are at your
service—and in many cases can save you engineer-
ing time by helping you choose the right fuse for
the job. Whenever possible, the fuse selected will
be available in local wholesalers’ stocks, so that
your device can be serviced easily.

For more information on the complete line of
BUSS and FUSETRON Small Dimension Fuses
and Fuseholders, write for BUSS bulletin SFB.

BUSSMANN MFG. DIVISION

OMPLETE LINE OF

CIRCLE 17 ON READER SERVICE CARD—-
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The New Honeywell MS Line— 3 sizes, all colors

Contemporary design

Straight sides and square
corners, plus color styling of the
cover, give the *'‘MS'" Series a
distinctive appearance. The
clean, functional design blends
with the square and rectangular
shapes of modern electronic
and process equipment.

(lear, uncluttered dial

All extraneous data has been
removed from the dial face —
the unit of measurement is
hot-stamped on the inner
surface of the cover.

After

Before

The scale numerals are above
the scale to avoid covering

by the pointer.

This new ‘‘clean face' is a
Honeywell exclusive.

Minimum glare and shadow

Concave face improves

readout by minimizing shadows
and glare. Whereas light is
reflected over the entire area of
a flat surface, a concave
surface reduces the effect and
localizes it to a much

smaller area.

Full light reaches the dial
through the sides and top as
well as the front of the
crystal-clear Plexiglas cover.

Longer scale length

Scale is as much as 50% longer
than conventional meters of
same size. For instance, the
MS1 meter has greater scale
length than some 2l,-inch
meters — a real saving in valu-
able panel space without
sacrificing reading accuracy.

For complete information, write
Honeywell, Precision Meter
Division, Manchester, N. H.
In Canada, Toronto 17, Ontario.

|
|

SPECIFICATIONS

Sizes and Types — MS1 (1%-inch), MS2
(2%-inch) and MS3 (3%-inch). DC meters
in all sizes to measure volts, millivolts,
milliamperes, amperes and microam-
peres. AC rectifier-type voltmeters in all
sizes; AC iron-vane types in 2%-inch and
3Y%-inch sizes to measure milliamperes,
amperes and volts. VU meters with buff
dial, **A"" or “‘B" scales in all sizes. Null
indicator types available in 1%-inch and
2Y4-inch sizes.

Ranges — All standard ranges. Special
ranges and customized dials also availa-
ble on request.

Accuracy — +=2% of full scale for all DC
ranges. For AC ranges, =3% of full scale.

Mechanism — Model MS1 has self-
shielded, core-magnet mechanism. MS2
and MS3 models require special calibra-
tion for use on steel panels.

Mounting — MS1—single-hole mounting.
Gasket and mounting ring provided. MS2,
MS3 — to ASA mounting dimensions.

Cover Dimensions — MS1 — 1.750"
square; MS2 — 2.178" high x 3.140” wide;
MS3 — 3.500” high x 4.100” wide.

Cover Colors — Normally furnished in
onyx black. Available in 15 other standard
colors. Any custom color to order.

“WHERE ELECTRONICS MEETS THE EYE"

Honeywell.International : Sales and service offices in all pnnclpal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France and Japan.

Honeywell




Shown above are the
CORNING resistors which have failed
in more than 135,000,000 (MOSTLY
OVERSTRESSED) unit test hours.

We may have a failure any year now.
In the meantime, we have calculated
statistical failure rates which may
change your thinking about high-
reliability resistors . . . whether you
are working with MIL-R-22684
(NAVY), MIL-R-10509D or MIL-R-
55182. The rates look like this:

Less than 0.0015% /1000 hours.
CORNING has failure rate data based
on continuous life testing for periods
up to 50,000 hours; nearly six years.
This test is for 1800 resistors that
have been on continuous life test for

<—CIRCLE 18 ON READER SERVICE CARD

60,000,000 unit hours at powers up
to 140% of rated. The confidence
level is 609%,.

Less than 0.0012%/1000 hours.
This one is based on 75,000,000 unit
hours at 250%, of rated power and
25°C.

CORNING resistors live through
high-stress reliability programs like
these because of the inherent relia-
bility of the tin oxide and glass that
go into them. They demonstrate flat
load-life characteristics for the same
reason.

High-reliability CORNING resistors
are available in general purpose C-
style, precision RN-type, and hermeti-
cally sealed precision NF-type. A
bulletin on CORNING “Resistor Re-
liability” is now available. Write for
your copy.

CORNING

ELECTRONICS

A DIVISION OF CORNING GLASS WORKS
3901 ELECTRONICS DR., RALEIGH, N. C.
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ORBITING SPACE station armed with radar controlled, sun pumped, laser radiation weapons may
eventually provide ICBM protection. In areas not covered by space stations, laser carrying missiles
can be launched and directed from earth against enemy ICBM’s

Will Lasers
Protect Our
Cities
Against
ICBM’s?

Laser experts find
radiation weapon
possible, but difficult

By LEON H. DULBERGER

Asaociate Editor

DEVELOPMENT OF a laser
radiation weapon for use in anti-
missile defense is possible, accord-
ing to laser experts interviewed by
ELECTRONICS. But they say that
many thorny engineering problems
must be surmounted to produce a
working system. Materials research
is one area requiring much investi-
gation—both for laser operation
and target damage knowledge.

DOD will only say that it is in-
vestigating the possibility of anti-
ICBM lasers, along with other
avenues of ICBM defense, in an
orderly scientific fashion. Details
are classified.

Scientists at Raytheon’s Surface
Radar and Navigation Operation
are doing analysis and experimental
work on a definition of laser weapon
gsystem design parameters. Ray-
theon acknowledges that the small
beamwidth and possiblity of high
target-spot energy density suggest
weapons possibilities. Raytheon has
a commercial 350-joule ruby laser
that can cut through 3-inch steel.

A Russian military publication
has alluded to possible use of lasers
for locating and destroying space
vehicles. But while it mentioned
U. S. work on this, it did not men-
tion any Soviet efforts. Khrushchev,

however, has said he believes his
scientists are ahead of the U. S. in
general laser work. Last year, he
showed a visiting American a steel
ruler supposedly perforated by a
lager beam.

Major Gen. D. F. Ostrander,
Commander, Air Force Office of
Aecrospace Research, said this at a
laser symposium: “As a profes-
gional military man, I am naturally
excited about the practical applica-
tions of these revolutionary devices
(lasers) in the fields of military
communications, and possible dis-
ruption of matter by high energy
density of radiation, and so on.”

Laser beam attenuation studies
are being made for Air Force at
Ohio State University. A 50-foot
chamber is fitted with reflectors
to simulate approximately a 1-mile
path. Propagation and attenuation
of beams from various lasers is ex-
plored under varying atmospheric
conditions. Effects of altitude and
space are included. Air Force won’t
comment on specific goals for this
research beyond saying it is de-
gigned to study the atmosphere in
relation to laser beams.

WEAPONS POSSIBILITIES —
Some of the possibilities, problems,
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and progress are:

e One laser could attack many
targets. Discrimination against de-
coys should be unnecessary since
slewing speeds could be high and
laser bursts should be readily re-
peatable. However, at present high-
power lasers usually require four
or five minutes between bursts to
allow energy storage and cooling
the laser.

e One possible ICBM-defense
system is an orbiting space station
equipped with detecting and track-
ing radar, and lasers pumped by
direct sunlight. One big problem
would be making the platform
stable enough for accurate target
tracking. Also the laser would have
to focus on the target long enough
to destroy it, implying an extremely
fast slewing servo. Techniques to
focus enough energy density on the
target pose formidable problems.

e An interceptor rocket could be
launched to areas not protected by
space stations. Its laser weapon
could be controlled from earth and
chemical flash powders used to
pump the laser.

e A space platform would not be
needed to field-test laser weapons
concepts. Testing could be done in
the thin air on mountain peaks in
clear weather. Helicopters with
ceilings of 25,000 ft are available
to supply test teams. Mountains in
the continental U. S. reach heights
of over 14,000 feet in the western
portion of the nation and some ex-
ceed 6,000 feet in the east. Alaska
has peaks to 20,000 feet.

e Countermeasures against laser
radiation weapons might include
laying smoke screens in beam’s path
to disperse and attenuate it. Or,
the beam could be deflected by
highly reflective surfaces on targets
such as nuclear warheads. Reflec-
tion techniques now being re-
searched to protect men and equip-
ment against nuclear bomb blast
temperatures up to 3,000 F may
lead to protective devices against
laser beams. However, any tarnish-
ing on the surface of a polished
reflector would soon be cumulative
and destroy protective qualities
finally allowing damage.

SOLAR PUMPING—Energy levels
in the millions or even billions of
joules will be required for anti-
ICBM lasers. These high-energy,
high-power lasers might be directly

electronics o May 3, 1963

pumped with sunlight. A large
tracking reflector could gather solar
energy and direct it through a mir-
ror system to the laser material—
whether it be crystal, gas, liquid,
plastic or glass. Direct sun pumping
would eliminate conversion to elec-
tricity and back again to light, to
pump the laser.

Some of the work now being done
in industry and at universities may
lead to extremely high-power lasers.
Nuclear Research Associates, Inc.,
of New York, is working on a laser
intended to deliver 1 billion joules
of energy from a laboratory-size
generator. The firm has at least
one Air Force contract for high-
energy laser development. They
plan to use unorthodox pumping
and lasing techniques in a solid-
state laser. While the exact quan-
tum mechanical operation to be em-
ployed in such lasers is not easily
spelled out scientists do not pre-
clude their final development.

HOW DO LASERS BURN?r—

Burning or destroying material °

with a laser beam at great range is
a real problem. In space it is many
times more difficult than in a lab. A
study of the interaction between
energy and materials is required.

One scientist believes that laser
cutting action resembles a local-
ized explosion. For example, if a
1-joule laser beam is focused on
carbon paper, the laser only chars
the paper when the pulse width is
long. When a 1-microsecond pulse
is employed, a distinct snap—caused
by gases trying to escape—is heard
as the beam strikes the carbon
paper. In metal cutting, long pulse
widths allow heat dissipation on the
target surface, reducing cutting
action, A rapid, high-peak-power
pulse vaporizes part of the target
surface in an explosive fashion.

Therefore, it may be possible to
damage a reentry warhead by re-
lying on the shock wave effect to
extend the initial destructive effect.

Thin-film deposition technique
work at the University of Rochester
has posed this question about laser
action in heating: Is material
actually vaporized by a laser or
does it come off as finely divided
debris from a miniature explosion?
Clearly, laser damage demands
much research and even the con-
cept of “radiation pressure” is sug-
gested as the active effect.

THE POTTER MT-36

digital magnetic tape transport

MT-36: THE MOST

RELIABLE TRANSPORT
in its price range

The Potter MT-36 Digital Magnetic
Tape Transport offers maximum
reliability for computer systems
requiring an economical transport,
The Potter MT-36 features:

B NO PROGRAM RESTRICTIONS...
u{) to 200 commands per second
at 36 ips.

8 SOLIO STATE CIRCUITRY,..
Fhoto electric sensing minimizes
he need for switches and relays.

2 VACUUM TROUGH GUIDES...
provide smooth tape stops.
L ] ::I{I’TROVEO PINCH-ROLLER CIR-

TS ...offer fast tape starts
and stops.

B EASE OF MAINTENANCE...drive
electronics and fully regulated
ower supply are mounted on
ndividual plug-in boards.

8 RAPIO TAPE THREAOING...Just
15 seconds for complete
threading.

B BUILT IN TAPE CLEANER...
vacuum on trough guide removes
all loose oxide and dust.

For full information and sPeclfl-

cations on the MT-36 Digital Mag-
netic Tape Transport, write today.

T

POTTER INSTRUMENT CO., INO,

TAPE TRANSPORT DIVISION
151 Sunnyside Boulevard ® Plainview, New York
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WE USE BOTH ENDS OF THE PENCIL...

to solve advanced systems research problems
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MARINES TO GET

REFLECTOR

DUAL BEAM Air defense radar gives
radar using . .
single physical altitude, azimuth, range

antenna. Sperry X . .
Gyroscope design  information directly
will be produced
in $34-million-
plus Navy

SINGLE PHYSICAL antenna gen-

contract
erates two sheet beams, oriented in
space to form the required V con-
figuration, in a new three-dimen-
sional military air defense radar. f
/ UL el VERTICAL T.he transportable equipment, de-
YA IR CONSOLE \ AND SLANT signed by Sperry Gyroscope Co. be-
/ beams are com- gins operation with the U. S.
// gﬂ','ﬂ'iﬁﬁ}ﬁf’z?on Marine _Corps .this spring. The
s - TR:A;;SVA:';TSE'Z;LGLNAL of cach fTELT Corps will receive twenty systems
PRIMARY T 10 reflector on a —two every month.
POWER = e = == PRIMARY POWER BB G single backup A compact single physical an-
EQUIPMENT structure (below) tenna is achieved by superimpos-

ing two electrically separate an-
tenna reflectors on a single backup
structure. Tactical mobility is thus
implemented. A plastic honeycomb
sandwich supports the reflectors
which are created of flat metallic
strips to provide polarization.

V-BEAM — Two independent mi-
crowave horns produce separate
vertically oriented and slant
oriented sheet beams which rotate
as a unit and afford V-beam cover-
age. The vertical sheet beam, aided
by the slant beam, searches. The
slant, combined with the vertical

W

VERTICAL SLANT
BEAM BEAM

BT = 5 T gremeLsE U ; . .
T : 48 S | TS et beam, affords altitude information.
%) L ‘ ) - oS Solution of the V-beam geometry
ANTENNA _I_ | A s Bt Jge.. provides altitude information. The

: j't'd angle of rotation between the ver-
: TURN-ANGLE ANALOG —— L tical and slant sheet echoes are
= 3 i N R R i measured electronically as an
St 3 angle identified as the turn angle.

i”i Along with target range it is used
e NUMERIC ™ to solve for target height. Dual

| VERTICAL VIDEO

o PLITTER A - READOUT ! ‘

',3‘- SLANT VIDEO i - N i " modulators couple through high-
~ > : voltage-pulse slip rings to dual
X = transmitters mounted on the ro-

- i AT - ;_-.1 tating antenna assembly, and then
=) to the antenna reflector feed horns.

————————————— Targets are isolated by gating

ot “"‘”’"KJ‘ A““‘“ the receiver channels of the two
R 1 - : beams. Measurement to vertical
iﬂ? - Rt 7 & 41}73. E[fﬁ-'EJ and slant beam centers provides
turn-angle accuracy. Angular in-
terval is measured by digitally
counting pulses obtained with a
magnetic pickoff which senses

V-BEAM spatial coverage, and the teeth on a ferromagnetic gear ro-
geometry that is solved for altitude tating with the antenna. A func-

SHT] ST

[ ——

HEIGHT COMPUTER solves V-beam equation. PPI operator marks tar-
get’s range and azimuth coordinates to orient acquisition gate




3-D RADAR

tion-generator technique solves
the height equation by approximat-
ing straight-line segments.

The height-finding operation
may use height-smoothing equip-
ment to improve output data
through averaging a series of height
readings and rejecting spurious
signals.

COMPUTER—AnN automatic com-
puter solves the V-beam equation
and computes target heights after
an operator manually selects the
target. An automatic digital com-
puter system may be added to
provide 3-D coordinate data on all
targets within the illumination and
detection area.

The radar, designated AN/
TPS-34 and developed by Sperry’s
Surface Armament division, is re-
portedly a quarter of the size of a
two-radar installation. It can be
transported by helicopter, cargo
aircraft, truck and amphibious
vehicle and be ready for opera-
tion in eight hours. An inflatable
radome with dual walls eliminates
entrance air locks and protects the
antenna and equipment from
weather. Possibie application to air-
traffic control and long-range 3-D
air-route surveillance is envisioned.
Additionally, 3-D air-corridor safety
surveillance for missile test ranges
is possible using the radar.

High-Resolution Scope
Reported Easier to Work

CLEVELAND — Time-sharing digital
oscilloscope was introduced by Fred
Katzman, of Du Mont, at the
Cleveland Electronics Conference
last month. The cro has realizable
resolution of over 1,000 lines and
readout precision to half percent.
Improvements reduce training
time, permit less skilled technicians
to achieve optimum use of the in-
strument, Katzman said. One con-
trol allows operator to choose de-
sired display, method of signal
correction and time-base synchro-
nization. A calibration marker sys-
tem permits the scope to magnify
reference calibration off screen.
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From the DD Line of data transm/’sé/on equipment

"SEPATH"

Rixon DD 1002 SEPATH data terminals, oper-
ating in conjunction with existing frequency
division multiplexing equipment, provide an
excellent means for transmitting high-speed
digital data via hf radio circuits. Serial binary
data is converted into parallel low-speed data
streams at the transmit terminal to permit
propogation through multipath conditions.
These are simultaneously transmitted on TTY
channels. At the receive station, the parallel
information is regenerated and reassembled
into the original serial format.

Other systems available which use the
SEPATH principle are the SEPATH/Teletype
system [SEP 589-1(A)] for bulk encryption,
and the DD 3005 30 Channel time division
multiplexer for 60 and 100 wpm TTY signals.
For further information, contact . . .

..-——é_7
RIXOIN ELECTRONICS, INC.
R —

2121 INDUSTRIAL PARKWAY—MONTGOMERY INDUSTRIAL PARK—SILVER SPRING, MARYLAND

TELEPHONE : 622-2121 TWX: 301 622-2292
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BULOVA
PRECISION
CRYSTAL
FILTERS

Bulova experience with prototype and
production quantities of precision
filters guarantees maximum
sensitivity, stability — in ‘‘isolating"’
any frequency. These examples
indicate Bulova mastery of difficult
problems in high performance

filter engineering.

BAND PASS FILTERS — In a band of
30 filters, insertion loss variation
between filters, and over the
temperature range 25°C to 75°C, held
to .3db between highest and lowest.
Part #69-A-RP-13-2N (1 thru 30).
SINGLE SIDE BAND FILTERS — Band
ripple held to +1,db, both 1 and
3db points defined, over the
temperature range 0°C to 85°C, and
300 to 3000 cps vibration at 30G level
Part #117B-FC-22-4WU.,
DISCRIMINATOR — Center frequency
held to within 10 cps, frequencies
equally spaced from center, held to
5.4v peak +=5%. Part #186C-TN-22A-
WD, BAND SUPPRESSION FILTERS —
2kc wide band attenuated 60db,
right next to it a pass band

held flat to +14db for 150kc.

Part #1SB-TF15-6R.

Contact Bulova engineering specialists
to help you choose the right filters —
when you have tough
filtering problems, need
additionalinformation, or
practical application
assistance. Write Dept.
2702, Bulova Electronics,
Woodside 77, N. Y.

BuLova

ELECTRONICS DIVISION
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British Report Latest
Measuring Techniques

One new instrument is
a frequency meter that
needs no sampling period

SOUTHAMPTON, ENGLAND—
Several measuring techniques—in-
cluding one for continually display-
ing frequencies—were introduced
at a British IRE conference April
16 to 20.

The dynamic frequency meter,
described by P. Wood, of Plessy,
Ltd., gives a continuous 6-digit dis-
play of frequencies between 2530
cps and 16 Kc without the normal
sampling period.

The unknown frequency input is
converted to a pulse train that is
fed to the add input of a reversible
counter. The subtract input is ob-
tained from a binary rate multi-
plier comprising a binary scaler to
which is applied a fixed-frequency
pulse train. Scaler outputs are fed
to gates controlled by the counter
stages. Combined, the gate outputs
give a pulse train whose mean rate
equals the product of the fixed fre-
quency and the contents of the
counter. When the mean rates ap-
plied to the add and subtract inputs
become equal, the number held by
the counter represents the input
frequency. Jitter is eliminated by
a digital filter.

E. Harrison and P. F. Roach, of
the United Kingdom Atomic Energy

_~READOUT
“ CIRCUIT

LIQUID conductivity is measured
without electrodes by nulling trans-
former output

Authority, reported on a system
that continuously measures con-
ductivity of radioactive l:quids
without electrodes and with 1-per-
cent accuracy. A liquid loop couples
two toroidal transformers (see
diagram). A second coupling in-
duces an antiphase signal that is
adjusted by a servo-driven series
potentiometer to null the trans-
former output. At balance the po-
tentiometer value is proportional
to the liquid conductance.

A simple three-dimensional nu-
merically controlled die-making
machine has been designed by P.
Burgess, of Wickman Ltd., and R.
Duthia, of Parmeko Ltd. A mag-
netic tape programmer records
movements of a zero pressure stylus
over a model. Stylus positicn is de-
termined by the onset of a spark
discharge between the stylus and
the model’s conductive material.

What Happened to Project Bambi?

AIR FORCE project to intercept
enemy ballistic missiles during
their boost phase from a rocket-
carrying satellite seems dead.

Testimony released last month
from the Senate Armed Services
Committee hearings during Feb-
ruary quote Defense Secretary Mc-
Namara:

‘“(Bambi) was an Air Force
project, but it was never developed
with any effectiveness up to the

. TN ... T )

present time. We spent practically
nothing on it. It has been a study
project phase. We have not held
it back for lack of expenditures,
but we have not found a way to
expend funds effectively on that
project.”

Clue to one of the msajor prob-
lems encountered was contained
in another statement: “I think we
found that the sky was b.gger, per-
haps, than we had anticipated.”
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CAUTION
FERROUS MATERIALS

MUST NF WEFT A
P n Tih ATNET

Y257/4E
Y333/1E

BACKWARD WAVE OSCILLATORS
for C-,K- and Q- bands

All now available with d.c. isolation between output
terminal and slow wave structure to permit grounded
cathode operation.

All fitted with grids for amplitude modulation or
feedback to obtain smooth output with swept

frequency.
Frequency |Band| Type Line Voltage Focusing Output 200
(Ge/s) (kV)
41075 C | Y257/4E| o0-27to 1-25 Magnet Coaxial y J
18 to 265 K | Y322/1E 0-7 to 28 Solenoid W.G. 1%
26-5 to 40 Q | Y333/1E 0-7 to 2-8 Solenoid W.G. %
£ 9,
Elw ~
[- 4
w 3
A
§ <& w &
. £ | e .;'&
2
o
£ | |
S ]
1 10 100

FREQUENCY (Gc/s)

Ask for Brochure MS|113
@ Srandard Telephones and Cables Limired

VALVE DIVISION:
BRIXHAM ROAD - PAIGNTON - DEVON - ENGLAND

USA enquiries for price and delivery to
ITT COMPONENTS DIVISION - P.0. BOX 412. CLIFTON N.J.
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MAGNETIC FLUX TRAPPED MAGNETIC

PACKET FIELD LINES
MAGNETIC
NORMAL REGION OR o FIELD LINES
WINDOW
DIRE%QHOAY%VFINAGR;!NOW 4 — RINGS of coherent light, running
from yellow to blue, surround red

laser beam passing through liquwd
nitrogen v

=) |

SUPERCONDUCTING STRIP

SUPERCONDUCTING MAGNET LEAD

SUPERCONDUCTING MAGNET:

MAGNETIC FIELD is induced in superconducting magnet by “walking”
field from C-magnet across strip of superconductor. Energizing technique
permits low current to build up high magnetic fields

Nonlinear Effects Convert

Laser Beam, Amplify Light

Physicists also report
low-current energizer of

superconducting magnets

By WARREN KORNBERG

McGraw-Hill World News

WASHINGTON—Laser beams can
now be tailor made in any fre-
quency from the infrared through
the long-sought blue-green into the
far ultraviolet.

A series of breakthroughs in ex-
ploiting the nonlinear effects of mo-
lecularly symmetrical liquids and
piezoelectric crystals on coherent
light culminated in two develop-
ments reported at last week’s Amer-
ican Physical Society meeting—
both by a team from Ford Motor
Company Scientific Laboratory.

Robert W. Terhune, a leader in
the rapid development of laser har-
monics since 1961, reported both
the tailor-making of laser frequen-
cies almost without limit and the
development of a parametric am-
plifier for light—both the result of
the nonlinear optical effects.

He said the nonlinear effects
make it possible to do with light
anything that can now be done in
the microwave frequency ranges.

Terhune’s results are being

called “remarkable” and “unex-
pected” by other laser scientists at
the APS meeting and the simulta-
neous National Academy of Sci-
ences meeting.

CONVERSION — Several labora-
tory teams have harmonically
stepped laser beams into previously
unavailable frequencies.

But the emissions in the har-
monic multiples of the 7,000-4 ruby
emission were weak.

Terhune this year applied mega-
watt power. Rather than the ex-
pected 100 watts of power in the
“second harmonic” blue beam, he
got 200 Kw—20 percent.

Even more recently, scientists at
the University of Michigan are get-
ting 10 Kw of green light out of a
300-Kw neodymium laser.

Others are reportedly exploring
other green and blue-green frequen-
cies applicable to highly classified
Navy work in submarine detection
and communication areas. Ter-
hune’s contribution, said one scien-
tist, “is raising a number of naval
personnel to a highly excited state.”

Terhune says that, by proper se-
lection of nonlinear materials—mo-
lecularly symmetrical liquids like
benzyne or nitrogen in which to
focus the red beam and ADP or
calcite crystals to pass the resulting
beams through—he can add or sub-

tract frequencies to get results any-
where in the visible spectrum.

The liquid has the effect of cre-
ating beams at two relatively close
frequencies—6,940 and 8,000 A for
example. The crystal’s nonlinear
effect then is to recombine them in
a predetermined way—either to add
them or subtract them into the de-
sired frequency, up to the second
or third harmonic of the input.

The new light loses none of the
coherence of the original beam.

AMPLIFICATION — The second
nonlinear effect Terhune reported
—and this work is less than two
weeks old—is that suggestive of
parametric amplification.

Laser light passing through lig-
uid nitrogen, he said, results in a
series of rings of coherent light on
multiples of the laser frequency,
surrounding the core of original red
light. The rings around the red run
from yellow to blue.

He explained the effect as a four-
photon process in which two pho-
tons of the laser beam are annihi-
lated and simultaneously two new
photons are created —displaced
equally above and below the laser
frequency by some multiple of the
molecular vibration frequency of
the liquid nitrogen.

The liquid, he explained, can
serve as the parametric amplifier
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for a light signal passing through
it and drawing amplifying power
from a selected “displaced” photon
from the laser beam.

“As with microwave parametric
amplifiers,” he said, “the insertion
of energy at either the signal or
idler frequencies triggers the crea-
tion of additional photons in both
frequencies.”

MAGNETICS—A method of ener-
gizing superconducting tape-wound
magnets without massive hot leads
and high currents—by hemstitch-
ing normal “holes” in the material’s
superconductivity — was described
by Avco Everett Research Labora-
tory scientists at the APS meeting.

Ethan D. Hoag and Z. J. J. Stekly
say the electromagnetic “energizer”
“is especially adapted to supercon-
ducting magnets using large cur-
rents, since it eliminates the large
power supply required to energize
such magnets.”

Using an inch-wide niobium-zir-
conium superconducting strip and a
20-amp input to the energizer, they
built a 4,000-gauss field in 90 min-
utes in the experimental model.

They expect to be able next to
build a 33-kiloguass field in 10
minutes in a magnet of 5-inch i-d.

The energizer is essentially a
small C-shaped electromagnet,
wound with either normal or super-
conducting wire, The superconduct-
ing strip is placed, in its liquid hy-
drogen bath, between the cusps.

The magnetic field creates an
eddy current at the edge of the su-
perconductor, normalizing a small
region and looping a line of force
through the normal region.

“Walking” the field across the
strip creates a series of normal re-
gions through which the field lines
pass, until the field is looped around
the entire superconducting strip.
There it is self-sustaining.

Beginning over again at the edge,
additional lines are “walked” across
the strip until the superconductor
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All the features you want in a
medium frequency recorder

The oscillo/riter* recorder in-
corporates all the features
you want for top performance,
convenience and reliability.
Modular construction and all
transistorized electronics pro-
vide complete
accessibility
and maximum
reliability;
interchange-

INDUSTRIAL
PRODUCTS
GROUP

BENSING . RECORDING
THE INSTRUMENTS or

A d:

s TESTING &

able amplifiers handle more
recording jobs; extended fre-
quency response; top panel
push buttons select 8 chart
speeds from 1 mm/sec to 250
mm/sec; choice of roll or Z-
fold chart paper, interchange-
able ink or heat writing with
Texas Instruments exclusive
rectilinear recording system.
Write for full information.

k of Texas Instr Incorporated,

TEXAS INSTRUMENTS

INCORPORATED
P. 0. BOX 66027

HOUSTON 6. TEXAS

DIGITIZING INSTRUMENTS

TEXAS INSTRUMENTS
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Your electronics BUYERS'
GUIDE should be kept in
your office at all times—as
accessible as your tele-
phone book.




McLEAN
BLOWERS

The KEY to System
RELIABILITY

RFI SHIELDED — MIL-SPEC
AND COMMERCIAL

Over 100 Models in a wide
variety of sizes & CFM’s

Our’63 catalog con-
tains complete en-
gineering data on
packaged blowers,
ring fans, panel
fans, centrifugal
blowers and acces-
sories. Write Today.

ENGINEERING
McLEAN /\:orsrories
Warld Leader in Packaged Cooling

P.O. Box 228, Princeton, New Jersey
Phone Area Code 609 WAInut 4-4440
TWX 609-799-0245

TOPS IN RELIABILITY & PERFORMANCE
FOR OVER 23 YEARS
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has accumulated the desired field.
Reversing the process removes field
force.

By arraying electromagnets
across the strip and triggering
them in sequence, Hoag says, he can
link the force rings around the strip
without any moving parts.

THERMOELECTRICS —In an-
other development out of the Ford
lab, L. L. Van Zandt and A. W.
Overhauser reported on a theoreti-
cal explanation of giant thermoelec-
tric effects in dilute paramagnetic
alloys. This contributes to under-
standing of a variety of apparent
anomalies in alloys containing im-
purities of chromium, manganese,
titanium, cobalt, nickel and the
like, and may open thermocouples
and other thermoelectric devices to
greater control.

Van Zandt built on Overhauser’s
earlier description of spin density
waves—periodic areas of “up” and
“down”’ spinning electrons.

The introduction of the impuri-
ties to create the dilute alloys, Van
Zandt told an APS session, intensi-
fies the wave effect in the region of
the impurity, creating anomalies of
temperature and magnetism.

He said the effect was one of un-
balancing the electron drift in the
metal carrying an electric current.
Impurity atoms can act as a “bank”
for electron energy.

Since thermoelectric power is
very sensitive to slight changes in
the energy current, he said, at low
temperatures the ‘change in the
thermoelectric power can be as
much as a thousand times what
would be expected if there were no
spin density wave present.”

School for Key Engineers

New study center to
update education of
engineering managers

NEW YORK—New kind of engi-
neering education program was
launched last week by a $5-mil-
lion grant from the Alfred P.
Sloan Foundation to the Massa-
chusetts Institute of Technology.

MIT will establish a Center for
Advanced Engineering Study. At
the center, engineering managers,
technical group leaders and en-
gineering professors will take up-
dating courses in relatively new
scientific and engineering fields—
such as modern atomic, nuclear
and solid-state physics and engi-
neering, information theory and
advanced communications, com-
puters and their application in
engineering analysis and design.

Dean Gordon S. Brown, of MIT’s
School of Engineering, pointed out
that ‘“‘there are thousands of engi-
neers now in their late 30’s and
40’'s who studied what was es-
sentially a pre-World War II cur-
riculum. Many of them have had
little or no opportunity for sus-
tained advanced study in the sci-
entific fundamentals of new areas
of engineering.”

The plan is to begin in the fall
of 1964 offering specialized and
broad courses, ranging from a
week to a year in length. During
the first three years, the center
will be experimenting with the
programs offered.

Since one of the major purposes
is to make engineering managers
more effective in directing the ap-
plications of new scientific ad-
vances in industry, the center’s
sponsors are hopeful that employ-
ers will underwrite the expenses
of those attending the Center.

Flight Computer

- Redban: Jic-za]

RESERVATIONS computer in-
stalled at New York International
Airport by Teleregister for TWA
will process overseas bookings re-
ceived by teletypewriter
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MODEL CFI
TRANSISTORIZED
CALIBRATED
MICROWAVE
FIELD-INTENSITY
(RI/FI) METER
—1,000 to 10,000 MC.

Category A Air-Force Approval For MIL-1-26600 and MIL-1-6181,
Transistorized, portable, compact, ruggedized,

Combines an impulse calibrator, field-intensity meter, and
calibrated antenna system, Provides accurate measurements
of the lmauency and the absolute power level of conducted
or radiated microwave energy. Choice of 12V battery or lines
power operation.

FEATURES: UNIDIAL® tuning; Dlrecl-raadin? digital frequenc
dial; 1% frequency accuracy; Choice of 3 impuise band-
widths — 1 MC, 5 MC, wide band; Direct reading output fevel
microvolts, db above 1 microvolt and db above 1 microvolt
per MC; Ima'ge and spurious response rejection better than
60 db; Max. RF input, 3 volts. Audio, video, recorder outputs.
AM, FM, CW, and Pulse Reception Capablility. Four inter-
changeable plug-in tuning units cover 1,000 - 2,040; 1,900 -
4,340; 4,200 - 7,740; and 7,300 - 10,000 MC.

MODEL FIM-2
CALIBRATED
MICROWAVE
FIELD-INTENSITY
(RI/FI) METER
—1,000 to 10,000 MC

nearing completion)

Cate; A Air-Force Final Approval For MIL-1-26600 and
MIL-1-6181. Widest frequency range ever offered in a micro-
wave RI/FI meter!

Combines Internal CW signal generator, field-intensity meter,
and callbrated antenna system, Provides accurate absolute
rowcr level and frequency measurements, The signal level
ndication is in microvolls, db above 1 microvolt, and db
above 1 microvolt per MC.

® Only microwave Field Intensity Receiver with self-contained
CW signal ‘enerator which calibrates entire system under
test at any level. 2 ;

® First singie microwave test system to determine radiated
r-f interference and susceptibility.

® Front-panel meter directly reads average, peak, slide-back
geak or quasi-peak value of r-f signals.

® Six interchangeable tuning heads cover 1,000 to 21,000 me.

® Outputs for video, audio and recorder.

® Single UNIDIAL® tuning control simultaneously tunes the
receiver and signal generator.

® Calibrated ant yst Includes an omni-directional
broadband antenna and separate directional antennas to
match each tuning unit.

- Frcﬁuency Dial Accuracy: *=1%.

* Maximum RF Input: 3 volts

® Sensitivity: -81 dbm minimum

® Impulse Bandwidth: 5 me

& Image and Spurious Response Rejection: Better than 60 db

* Attenuation: 0 to 80 db in steps of 1 db

HAVE YOU MADE RESERVATIONS YET?

<
'\\
$ ANOTHER POLARAG Finst 3!

Polarad's new ‘‘Project Mohammed” will be
bringing the ‘‘Mountain’ (our new Mobile
Microwave Calibration Laboratory) to *“Mo-
hammed"' (your microwave instruments) start-
ing next month. Be sure to take advantage of
this opportunity to have your gear checked —
at your doorstep. Save weeks of delay and
needless expense. Call your Polarad field en-
gineer for details and schedules!
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POLARAD

How To Select An RI/FI Meter

In noise-and-field-intensity measurement, Polarad has
three major competitors. They are all competent. They
build good equipment. Give or take an adjective, they
describe and rate their equipment accurately. We re-
spect their designs, their equipment, and their integrity
as manufacturers. We believe they return that respect.

As an engineer, you know that no two design groups
ever produce exactly the same instrument for a specific
purpose. Experience and backgrounds differ. Approaches
differ. Even basic concepts differ. Then, too, each group
has its own view of the needs of the user. In a complex
design, one approach will favor sensitivity over band-
width, or, perhaps, cost over durability. We all must
draw the line somewhere, in reaching each design de-
cision. In an RI/FI meter, there are dozens of such
decisions. The final*“mix" of characteristics is, at best,an
intelligent compromise . . . never the ultimate.

We believe that the two instruments described on this
page represent by far the best “mix” of performance,
economy,and versatility for the majority of applications.

You don’t buy an RI/FI meter every day. Once you buy
it, however, you may use it every day, for many years.
Therefore, we urge you to consider the “mix”’ carefully.
Limited range or restricted utility may seem tolerable
now, but what about next month, or next year? Initial
cost may dominate your thinking now, but how much
does an extra man-hour a day (or one questionable re-
sult a week) cost . . . over five years?

Consider the “mix”. We think you’ll choose Polarad.

We can't resist listing the outstanding features of our
“mixes”, below — but don’t decide until you have the

complete technical data in front of you.

Call your Polarad Field Engineer.

® Portable, Rugged, Compact \

* Battery and AC Operation

¢ Direct Reading without Charts

e Directly Calibrated Long-Life Impulse
Calibrator

¢ Digital Frequency Display

¢ —85 dbm Minimum Sensitivity

e 70 db Dynamic Range

¢ Standard Calibrated Horn Antennas

® Air Force Approved

CFI
“mix"

\ Which one
: > is just right
/o Integral CW Generator for Accurate fo. ?
Calibration & Direct Substitution A
Measurements

® Separate Generator Output for
/ Susceptibility Measurements
) ® Direct Reading without Charts

® —81 dbm Minimum Sensitivity

® Standard Calibrated Horn Antennas

® Air Force Approved ’

FIM-2
“mix"

Polarad Electronic Instruments

A Division of Polarad Electronics Corporation
World Leader in Microwave instrumentation

34-04C Queens Blvd., Long Island City 1, New York
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“OUR Panorami¢ ANALYZERS
ARE AN ABSOLUTE NECESSITY...”

[
<

/

g 8
e

GPL Division engineers study recording of spectrum distribution of test signals from Doppler Radar Signal Simulator. The instrument is a
PANORAMIC Ultrasonic Spectrum Analyzer Model SB-15 with optional PANORAMIC Recorder Model RC-3a/15.
*A4 Trademark of THE SINGER MANUFACTURING COMPANY .
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INTERVIEW WITH GPL DIVISION,

GENERAL PRECISION AEROSPACE, ON TESTING
OF AN/ASQ-28 DOPPLER RADAR EQUIPMENT

**We have one chronic complaint about spectrum analyzers,”
said the project engineer. “There aren’t enough of them.”

We were standing in a busy corner of GPL’s test section in
Pleasantville, N. Y., where this Division of General Precision
Acerospace produces, among other electronic gear, advanced
Doppler Radar Systems under Navy and Air Force contracts.

*“Take this set-up,” he continued, indicating a test in which
one of the Model SB-15 PaNoramic Ultrasonic Spectrum
Analyzers was connected to a GPL-designed Doppler Radar
Signal Simulator. “There’s really no other way to do it. It's
interesting that the accuracy of the simulator signal we're
testing here must be at least an order of magnitude greater
than the airborne system we will test with it.”

He switched out the sweep rate derived from the RC-3a
Recorder and selected the more rapid sweep rate of the SB-15
for a ““quick-look” analysis.

“That's a complicated audio signal,” said our host, point-
ing to the screen trace. “It's generated and then shaped to
simulate the signal received by our airborne navigation
system. Right now we’re measuring signal-to-noise ratio.
However, at any time we may want to run a whole program
of qualitative tests on the same signal. PANORaMIC analyzers
give us the needed flexibility and resolution.”

He demonstrated this point with a series of quick manip-
ulations of the continuously variable center frequency and
scan-width controls.

“We use the analyzer for tsouble shooting, too,” he continued.
“If a Simulator signal looks wrong, we work back through its
audio circuitry with the SB-15 and find the cause.”

We asked about reliability.

“Very rugged,” was the answer. “This particular PANorAMIC
unit was here four years ago when I joined the section. We
have several. Some are the newer Model SB-15a. This one is
a special 400-cycle power line job that's been pulled out of
the lab and used in a number of actual flight tests. Aside
from our own checks and routine trips to our calibration
lab, it’s almost constantly in use.”

We commented on what seemed a large amount of gear for
an air navigation project.

INBTRUMENTS

The measure of progress..

MANUFACTURED BY

> =

' SINGER

THE 8 | NG ER

M A NUPFACTURING

Screen photo shows versatility of the $B8-15a:
(1) FM display measures dénamic deviation;

(2) and (3) are AM and SSB signals, respec-
tively, with sine wave modulation.

*“Oh, this is all test equipment,” our guide explained. “For
instance, our AN/APN-153 Doppler Navigation unit itself
is only one cubic foot in size and weighs under 50 pounds.
We're very proud of that.”

Had he any general comments about the equipment?

“Well...” He thought a moment. “In my judgment, for
anyone requiring rapid analysis of sonic or ultrasonic signals,
the spectrum analyzer is an absolute necessity.”

DESCRIPTION

Model SB-15a Panoramic Uitrasonic Spectrum Analyzer automatically and repet-
itively scans spectrum segments from 1 kc to 200 kc wide through the entire
range (100 cps to 600 kc) with a 60 db dynamic range. It plots frequency and
amplitude along the calibrated X and Y axes of a long-persistence 5” CRT or
also on a 12" x 414" chart with optional RC-3b. Sweep rates are adjustable from
1 to 60 cps. Adjustable resolution permits selection and detailed examination of
signals as little as 100 cps apart. Self-checking internal frequency markers are
provided at every 10 kc. The unit has an internal amplitude reference at 100 kc.
The compact $B-15a, only 834" high, needs no external power supply or regulator.
The optional recorder RC-3b permits very slow scans for high resolution at broad
sweep widths and statistical analysis of complex signals. The recorder is com-
patible with a wide variety of PANORAMIC instruments.

APPLICATIONS

® LUlitrasonic noise and vibration analysis e Communications system analysis
® VLF radio and carrier channel analysis e General Fourier analysis

© FM Telemetry subcarrier channel analysis

SPECIFICATION HIGHLIGHTS

® Frequency Range: 100 cps to 600 kc

® Sweep Width: Adjustable, calibrated from 1 kc to 200 kc
® Center Frequency: Adjustabie, calibrated from 0 to 500 kc

® Markers: Crystal controlled, 10 kc and 100 kc plus harmonics, usable throughout
band; also provides amplitude reference

IF Bandwidth: Adjustable, 100 cps to 4 ke

Sweep Rate: Continuously adjustable, 1 cps to 60 cps (30 seconds to 16 hours
in steps with the RC-3b PanoramiC Recorder)

Amplitude Scales: Linear, 40 db log (extendable to 60 db) and 2.5 db expanded
Sensitivity: 200 uv to 200 v full scale defiection

Accuracy: ==0.5 db

Input Impedance: 50,000 ohms

GPL Division of General Precision Aerospace is just one of
hundreds of users who find PANORAMIC Spectrum Analyzers indis-
pensable for monitoring, testing, and trouble-shooting in the audio,
ultrasonic, and low rf frequency bands. Our applications engineers
will be glad to discuss your requirements at your convenience and
without obligation. Write today, outlining your application, for
literature and prompt recommendations.

SEC. 2900

SINGER METRICS DIVISION

C OMPANY

[2==- [ 918 PEMBROKE STREET+* BRIDGEPORT 8, CONNECTICUT:* (203) FOREST 6-3201
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Now — an easy-to-use, portable calibration pressure system
CEC's 6-201 Primary Pressure Standard combined with new 6-003 Calibration Pressure Controller

In field or lab, CEC's great new calibra-
tion answer saves you time and money...
the first factory-made system on the mar-
ket. It's highly accurate, highly reliable,
ond highly portable.

CEC's Type 6-003 Pressure Controller
makes this calibration pressure system
possible. All essential controls are included:
pressure volume regulator, input and out-
put connections, coarse control, gage, feed

CIRCLE 36 ON READER SERVICE CARD

aond vent valves to control pressure to
the pressure standard and built-in filter.
Portability allows you to take it from field
to field...plug it in and get faster, precise
answers. Type 6-003 fits a 19” rack with
all connections and controls on a single
panel, comes in a hardwood corrying case.

Other part of the calibration pressure
system is CEC's Type 6-201 Primary Pressure
Standard, lightweight, easy to operate

and portable. Why not investigate? Call
your nearby CEC office, or write for de-
tailed specifications contained in Bulletins
CEC 6201-X8 and 6003-X8.

CeC

Teonsducer Division

CONSOLIDATED ELECTRODYNAMICS

A Subsidiory of Bell & Howell » Pasadena, California




FOR

fast
calibration...
CEC’s
Miniature
Electromanometer
System

Here's a versatile, all solid-state
system for fast calibration of large
quantities of pressure transducers
...in lab, field or process control
applications. Using the force-bal-
ance principle, it's exceptionally
stable and relioble — accuracy
equal to mercury manometers,
with wide choice of readouts.
System includes:

1-156 Servo Amplifier:
Solid State, portable, =10 volts,
0.1 sec. response.

4-333 Precision Pressure Balance:
Operates over ranges +1.5, +5,
115, £30 and £60 psid.

37-003 Multi-Channel Adapter:
Solid-state switching unit for 2 to
6 pressure balances. Zero and cal-
ibrate adjustments with external
controls. Further data? Call or
write for Bulletins CEC 1156A-X1.

CeC

Transducer Division

CONSOLIDATED ELECTRODYNAMICS
A Subsidiory of Bell & Howell « Posodeno, Colif.
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Microcircuits Go Aloft

Integrated circuits will
soon be operational in
Navy’s airborne systems

WASHINGTON — Introduction of
microcircuits into Naval avionics
equipment appears to be moving
ahead rapidly. Col. Arthur C. Low-
ell, director of the Bureau of Naval
Weapons’ Avionics Division, told
ELECTRONICS last week that most
microelectronics fabrication prob-
lems have been solved and 1-Mc dig-
ital circuits can be implemented
now with existing devices, while
3 to 5-Mc circuits will be achievable
with off-the-shelf microelectronic
devices by December.

Production of h-f communica-
tions sets with no moving parts and
Mtbf’s greater than 1,000 hours
also appears feasible, he said.

MEETA T—AIll phases of Navy’s
MEETA T (Maximum Improve-
ment in Electronic Effectiveness
Through Advanced Techniques)
program are presently being imple-
mented.

Under phase I significant num-
bers of silicon integrated circuits
will be introduced in June or July
into airborne digital computer that
Litton is building for BuWeps, Col.
Lowell said.

Phase I calls for substituting
microcircuits directly for conven-
tional circuits, while phase II has
the development of a maintenance
module as its object (ELECTRONICS,
p 18, Dec. 7, 1962).

In phase III, which calls for de-
veloping complete equipments using
microelectronic circuits, Col. Lowell
cited the following developments:

e Sperry’s Loran-C receiver has
now been adequately demonstrated.
Hardware fabrication is 60 percent
complete and a qualified receiver
will be delivered to BuWeps in De-
cember.

e Naval Air Development Center
has a functioning breadboard of a
one-way microelectronic data link
that will be test flown this month.

® Westinghouse has built a work-
ing ecm receiver.

(continued on page 38)

INDUSTRY OPTIMISTIC ABOUT FUTURE

Electronics industry this year will be spending less but expecting
more than U. S. manufacturers as a whole.

Electronics producers have earmarked 8 percent more for new
plants and equipment this year than they spent on these items
last year. But the increase is 1 percent less than the increase for
manufacturers generally.

Other manufacturers see unit sales rising only 4 percent this
year while electronics firms are predicting an 8 percent jump.
Between now and 1966 firms generally are hopeful of an 18 per-
cent increase but those in electronics are expecting a whopping
29 percent.

Electrical machinery manufacturers, with whom some elec-
tronics firms are grouped, are anticipating a 7 percent climb
in sales this year and a 23 percent rise by 1966, according to the
annual survey of business plans conducted by the McGraw-Hill
Department of Economics.

Manufacturers generally said they consider 22 percent of their
stock of plants and equipment technologically outmoded. The
figure was only 11 percent for the electrical machinery industry.

All business now plans to spend a record $40 billion on new
plants and equipment this year, a 7 percent increase over 1962.
Of this amount, manufacturing firms alone account for $16
billion

CIRCLE 37 ON READER SERVICE CARD

37



DOWN: 1000 Fathoms

StereoZoom’
helps build [ s
20-year reliability
in this Western Electric
undersea rigid repeater

Talk about reliability! Each of these 36" x 13”
diameter repeater amplifiers contains more than
5000 precision parts . . . and each is rated for a mini-
mum of 20 maintenance-free years on the ocean
floor. Spaced every 20 miles in Bell Telephone’s new
single-cable transoceanic system, these repeaters
help transmit 128 two-way messages simultaneously.

To make sure, Bell System’s Western Electric Company uses StereoZoom
Microscopes for the assembly and inspection of the high-voltage capacitors.
StereoZoom’s big, bright, natural, 3-dimensional views make sure of align-
ment, bond, and freedom from flaws or forcign particles. Its shockproof,
dustproof optical system shrugs off punishing industrial use.

Have you got big problems with tiny parts? Call your dealer, or write for
an on-the-job demonstration of StereoZoom Microscopes, Bausch & Lomb

Incorporated, 61441 Bausch Street,
Rochester 2, New York. BAUSCH & LoMB @
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These equipments use silicon in-
tegrated circuits. Hybrid thin-film
circuits are being used in a person-
nel transceiver being built by Syl-
vania.

SYSTEMS — Complete microelec-
tronic systems currently envisioned
(phase IV) are an integrated heli-
copter/ VTOL avionics system and
an integrated light attack system.
Request for bidders for seven items
that make up a communications and
navigation IFF package for naval
aircraft went out last week.

As emphasis turns to applying
microcircuits to operational hard-
ware, Col. Lowell said the major
problem now lies in making the de-
sign engineer aware of the new de-
sign techniques and how to apply
them. Some pitfalls he warned
against: putting pnp and npn char-
acteristics into a single chip in
cases where it would be better to
separate them, trying to put too
many functions into a single chip,
and attempting to get components
in a silicon chip that should be in
discrete or thin-film form.

Overall MEET AT program en-
compasses use of microcircuits, dig-
ital data processing, visual fault
location, modular construction, ma-
jority-type redundancy, and relia-
bility and maintainability testing.

Polaris Navigator

ADVANCED inertial navigation
system for Polaris submarines uses
electrically suspended gyros (see
p 29, Nov. 17, 1961). New system
built by Homeywell will monitor
present Polaris systems. Installa-
tion above is on test ship USS Com-
pass Island
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Programming reliability starts here...

This new A-MP* Twin Detent Patchcord offers
positive retaining action with a unique spring
member which makes insertion-extraction easy
and accidental disiodgement next to impossible.
When seated, patchcords stay put even through
the roughest handling. Force applied to the patch-
cord tip causes displacement of a plunger which
acts on the Twin Detent spring. In addition, the
force is distributed evenly over a larger patchboard
area eliminating board chipping usually caused by
application of excessive pressures. The contact
area of the pin is unaffected by accumulated dust,
oil, grime, or other contaminants.

Leads are better, too. AMP uses fine stranded
wire and more of it (41 strands per conductor), for
a more flexible lead and greater flex life. Polyvinyl
chloride insulation withstands temperatures up to
105° C; and because PVC only is used, color cod-
ing won't wear off, fade or discolor.

Check these reliability features:
« Pins are precision crimped to leads.

Twin Detent action assures retention of pins
in board.

* Nickel plating on pins for ordinary applications—
hard gold alloy for dry circuit requirements.

Extended moulded shroud for larger wire bend-
ing radius, easier handling and longer flex life.

PVC insulation withstands temperatures up to
105° C and 1,000 Vv.D.C. operation.

* Cords are color coded by length.

Write today for the full story on the new Twin
Detent Patchcord. *Trademark of AMP INCORPORATED

)

INCORPORATE

Harrisburg, Pennsylvani

AMP products and engineering assistance available through subsidiary companies in: Australia o Canads e England e France e Holland e Italy @ Japan o Mexico ® Waest Germany
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We’ve already solved scores of unique

You'll probably never need any of these three cables.

But somebody did. And the same versatility and
reliability control which fit these special cables to
special needs are now available to solve your cable
problems.

These are products of Rome’'s Special Products
Facility, where unique cable constructions are every-
day products.

Cables like these can't afford to fail—there often
isn't a second chance. So Rome assures reliability
with a quality control program second to none. It tests
each cable construction continuously throughout con-
struction and inspection.

The program has been so successful that we re-
cently won the first aerospace reliability contract
ever awarded to a cable manufacturer. Its goal is to
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cable problems...

prevent cable assembly malfunctions in the Minute-
man missile,

Other cable constructions from Rome's Special
Products Facility have proved themselves reliable on
such projects as Hound Dog, Atlas, Mercury, and
Sergeant.

OurSpecial Products Facility brochureexplains how
you can fit Rome’s unique experience, skills and equip-
ment to your specific problems. Just send the coupon,

\ 4

ALCOA
ROME CABLE

OtV I S I ON
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can we help you?

Special Products Facility
Rome Cable Division of Alcoa
2937 South Tanager Avenue
Los Angeles 22, California

Please send my free copy of your brochure describing
how I can benefit from Rome’s Special Products Facility.

NAME

COMPANY.

ADDRESS

e — e —— — ——— — — — — e e e ——
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INSTRUMENTATION
IN MEASURING INSTRUMENTS:

INTEGRATION WITH
VOLTAGE
MEASUREMENT EASE!
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SI-100 General Purpose
Integrator A versatile, battery-powered
integrator for general laboratory use. Inte-
gral ranges of 10, 30, 100, 300, 1000 and
3000 volt-seconds are provided to permit
a wide variety of input signals. The integral
of the input is displayed on a meter cali-
brated in volt-seconds. An auxiliary elec-
trical output is provided. Highly linear
ramp functions can be generated with
durations of 10 seconds to one hour.
input 1-100 volts, impedance 30K to 10
megohms. Accuracy within 39%. Current
integration shunts optional.

Price $99.50, FOB Dallas. Available from stock,

IN AMPLIFIERS: N

MICROVOLT DRIFT WITHOUT
CHOPPERS!

' SA-112 DC Amplifier

" The SA-112 employs
solion tetrodes to
achieve low drift rates
comparable to that
of chopper stabilized
amplifiers. Unlike chop-
per amplifiers, two small
batteries will provide
power for over one
z month of continuous
operation. The SA-112 is ideal for use
with thermocouples, strain-gauges, pyrhel-
jometers, and other low-level sources,

Price $295.00, FOB Dallas. Available from stock.

Write for complele
information
or order from;

SELF-ORGANIZING SYSTEMS, INC.
6612 Oenton Orive, Dallas 35, Texas, FL 2-4814
(Formerly R&E Division of Texas & E Corp )
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SIMPLE TWO-COLOR camera uses a double-speed sweep to pick up both
Two-tube camecra picks up both colors and transmits them alternate.y
presents red and blue-green images to color picture tube in black-and-

TV TEST Uses

Mezxican system puts
color picture tube in
black-and-white set

By WESLEY PERRY, JR.
McGraw-Hill World News

MEXICO CITY—For an hour each
weekday evening during the past
two months, curious viewers have
crowded around 28 storefronts here
to peer at the first color-television
broadcasts south of the border.

The experimental receivers pro-
ject two primary colors instead of
the three of the NTSC system.

According to the inventor, Mexi-
can station XHGC-TV owner Guil-
lermo Gonzalez Camerena, color tv’s
success in Latin America will be de-
termined more by the availability
of low-cost receivers than by equal-
ing the NTSC color capacity.

Color quality of his system is
around 9 percent below the U.S.
system, but he feels they have equal
entertainment value. He says re-
ceiver cost is half of U.S. set.

In the receiver, the color r-f,
color video amplifier and regulated
power supply are replaced by their
less expensive black and white
equivalents. Only a synchronized

pulse generator is added. There is
no color burst, so no such modula-
tion is necessary. Only black-and-
white controls are needed.

The system repeats 60 vertical
exploration fields a second, alter-
nating colors, to form 30 interlaced
frames and 30 pairs of bichrome
views a second.

CAMERA—Three interchangeable
techniques are being used in experi-
mental broadcasts.

In one, two optical filters and
four image-splitting mirrors (see
diagram A) project two images
onto a vidicon or image orthicon.

The vertical-sweep speed is dou-
bled so that both red and blue-green
images are displaced alternately
during one normal sweep time.

Second, (diagram B) the camera
has two image pick-up tubes that
operate with simultaneous horizon-
tal and vertical sweeps. The optics
direct the images through comple-
mentary color filters. One tube is
set back further from the aperture,
so the images match.

The switching circuits alter-
nately amplify each video signal.
Mixing tubes are switched by a
square-wave multivibrator. Time
base is adjusted to 30 cps, 60 po-
larity changes per second.
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TO OTHER REGULAR COMPONENTS OF

BLACK AND WHITE RECEIVER

2CYP22

Vv—i-

AAA J
VVA—>

ELECTRONIC
SWITCH

VERTICAL PULSES

(c)

red and blue-greem images (A).
(B). Receiver switch alternately
white receiver

Two Colors

RECEIVER—The receiver can be
either the common NTSC three-gun
type, or black and white sets with
a three-gun chromatic kinescope. A
synchronized key-pulse generator
(diagram C) produces alternate
square waves of negative polarity.
One output eliminates red brilliancy
of the screen with each key pulse.
The other dulls green and blue.

The system’s persistence-flicker
problem was solved by selecting a
picture tube with relatively long red
and green persistence. The type
preferred is 21CYP22.

The time base of the input for
vertical sync pulses is adjusted so
that each pulse coincides with each
field. When the key pulses are al-
ternated the complete frames in
color are integrated.

The generator is composed of two
sections: a conventional multivi-
brator that gives the time base
synchronized to the vertical syn-
chronism pulse, and an amplifying
section that elevates the potential
of the key pulses, for required
polarity.

The two-color-disk concept can
also be used. One disk spins in front
of a camera lens in synchronization
with complete changes of the frame.
Another whirls before the receiver
in sync with vertical pulses.

electronics o May 3, 1963

o Ultra Stabhle
| e Meets High Temperature Requirements
o All Components Accessible for Repair and Replacement
e Miniaturized . . . Replaces Bulky, Expensive Equipment
e Complete Line ... Over 30 Models to Choose From

| Compare Silicon Transpac Prices with Other Make

NOW Priced for

ALL Your
Power Supply Needs...

Transpacs®

Germanium Power Supplies and Compare Specs!

SPECIFICATIONS

input: 105-125 VAC 50-400 cps

Output Voltage Ranges (nom): 6, 12, 18, 24,
28, 32 VDC Models

Adjustment Range: = 1 volt

Output Current Ranges: 500 MA, 1 amp, 2
amp, 4 amp, B amp Models

Ripple: Less than 800 Microvolts RMS

Line Regulation: Less than = 0.01% or 5
millivolts for full input change

Load Regulation: Less than 0.05% or 8 milli-
volts for 0-100% load change

Transient Response: Less than 50 Micro-
seconds for step line or load change

Maximum Operating Temperature: 71°C, free
air, full ratings

Maxli:)m(::m Permissible Temperature (Stud):
110°

Temperature Coefficient: Less than 0.01%
per degree C or 3 MV

Long Term Stability: Within 5 millivolts for
8 hours, after 20 minute warmup (line,
load, temperature constant)

Interconnection: Series or parallel operation
permissible

Voltage Adjustment: External screw driver
voltage control

Remote Voltage Control: Provision for
external control of output voltage

Remote Sensing: Remote sensing facilities
available

Short Circuit Protection: Automatic short-
circuit protection with automatic recovery

Output Connection: Ungrounded outputs,
either positive or negative terminals may
be grounded

Physical: Modular construction, all compo-
nents fully accessible

Heat Sinking: Internal, Convection cooled.
Provision for remote location of internal
heat sinks

Price Range: $115. to $395. Off-the-Shelf Delivery on Most Units.
‘ ... and for Low Cost Applications, Use GERMANIUM TRANSPACS

[ for literature and detailed information, write:

@Ml Dept. E-5 67 Factory Place ¢ Cedar Grove, N. J. ¢ CEnter 9-3000

':ucmomc RESEARCH ASSOCIATES, INC.
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HOW TO BREADBOARD A 10 MC DIGITAL SYSTEM—FAST

Your fastest, surest means is EECo’s
new high-speed system breadboard.
This transistor unit lets you: (1) patch
up trial circuit combinations with the
same catalog modules that go into the
final system, (2) perform tests at oper-
ating frequencies by pushbutton and
(3) get a “stop-action” look at the
over-all logic flow.

Using patchcords, you can hook up,
take down or change circuitry at will
to study the effects of wiring, propaga-
tion delay, clock duty cycle and alter-
native design approaches. And, be-
cause you use field-proven modules in
the breadboard, you know that the
final system will work.

EECo equipment has no equal for
practicality or versatility. It is com-

pletely self-contained, but has provision
for external test equipment. The built-
in clock source lets you apply pulses
singly or in pairs. You may operate the
system slowly to watch individual oper-
ations or at high speeds to simulate
end-system performance. To help you
patch your circuits together, EECo
provides handy symbol cards — cards
that indicate module circuitry, part
numbers and input-output pin connec-
tions to give you a road map of the
system as you assemble it.

The more you value your time and abil-
ity, the more you can benefit by using
EECo breadboard equipment. Write
today for the full story.

€S

Breadboard (first stage shawn) uses standard
EECo catalog modules, permits pushbutton tests ot
aperating frequencies.

ENGINEERED ELECTRONICS Company
1441 East Chestnut Avenue, Santa Ana, California
Telephone 547-5651 « Cable Address: Engelex

EUROPEAN AFFILIATE/Electronic Engineering S.A., C.P. 142 Fribourg, Switzerland
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JAPANESE EXPORTS
Keep Climbing

By CHARLES COHEN, McGraw-Hill World News

One-fifth of country’s
electronics production
18 shipped overseas

TOKYO—Electronics exports from
Japan rose much faster than pro-
duction during 1962. This year, the
trend will be the same but exports
will not rise so rapidly, according
to statistics from the Finance Min-
istry and the Ministry of Interna-
tional Trade and Industry.

Exports in 1962 increased 26 per-
cent over 1961 to $317 million. Dur-
ing 1962 production totaled $1.607
billion, an increase of 14 percent.
Japan’s Electronics Industries As-
sociation predicts that this year’s
exports will increase about 16 per-
cent. Production will again increase
about 14 percent.

EIA-J estimates that in 1963
Japanese electronics plants will pro-
duce 16.75 million radios, 5 mil-
lion tv sets, 1.77 million tape re-
corders, 237.6 million receiving
tubes and 270 million transistors.

In 1962, entertainment elec-
tronics such as radios, tv sets and
tape recorders, made up 54 percent
of all electronics production. Larg-
est single item was tv sets—4.89
million sets worth $527 million.
Next to the U.S,, this is the largest
such production figure in the world.

But growth has leveled off and
efforts are being made to develop
new types that will stimulate sales.
Last year many companies con-
centrated on expanding their pro-
duction of transistor tv. Production
will continue to expand this year.

This year, there is a concerted
effort to make color tv a paying
proposition in Japan. Major effort
is development of inexpensive re-
ceivers using square-corner 16-inch
70 and 90-degree deflection color
tubes developed in Japan. An in-
dustry standard tube type (either
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90 or 70-degree) would help achieve
lower costs, but sets using both
types have been announced. It will
be difficult now to achieve standard-
ization because the companies using
the rejected size will lose face.

Production of components for
both entertainment and industrial
electronics also increased in 1962.
Increases in production of tubes
and semiconductor devices ranged
from 20 to 23 percent; production
of components rose over 16 per-
cent.

INDUSTRIAL ELECTRONICS—
Many companies feel that the fu-
ture of the Japanese electronics
industry lies in the industrial elec-
tronics field. Biggest gain in the
group in 1962 was in computers,
whose production was twice that of
1961. Production of most other
items went up 20 to 30 percent.

There is great hope for a rapid
rise in industrial electronics ex-
ports.

In the charts, miscellaneous wire-
less equipment is wireless equip-
ment not used for communications.
Miscellaneous electronic equipment
includes nonwireless electronic
equipment not included in the other
categories, such as computers.

Detailed production statistics for
1960 and 1961 were reported in
ELECTRONICS, p 18, June 22, 1962.

PLAN FOR 1967—Electronics pro-
duction will total 1,146,280 million
yen (approximately $3.2 billion) in
1967, according to MITI’s new five-
year plan. This is 171 percent of
the value of 1962 production. Pro-
duction increased 300 percent dur-
ing the previous five-year period,
from 1957 to 1962.

MITI says electronics here will
change from primarily a con-
sumer-oriented business to an in-
dustry-oriented one. Consumer
production is expected to increase

1962 ELECTRONICS EXPORTS

WIRELESS COMMUNICATIONS
APPARATUS 3.0% — ;— OTHER AUDIO

- || EQUIPMENT 1.8%

PHONOS 3.4 % — / // /—ELECTRIC ME ASURING

INSTRUMENTS 1.7 %

SEMI-
CONDUCTOR | | ~MiSc. ELECTRONIC
DEVICES 3.4-/.] | [ EQUIPMENT 1.5 %

[
ELECTRON [l] | [ MISC. WIRELESS
TUBES 4.3%7/// /| | | EQUIPMENT 0.3%

1962 ELECTRONICS PRODUCTION

INDUSTRIAL WIRELESS
INSTRUMENTS COMMUNICATIONS
3.5% EQUIPMENT 2.9%

gﬁ:%momc ELECTRIC TEST
INSTRUMENTS 2.4

EQUIPMENT Sl

4.2% ; BROADCAST

APPARATUS, 1.3%

SEMI -

CONDUCTOR rMISC. WIRELESS

DEVICES EQUIPMENT [.3%

only 32 percent in value, mainly
because of the leveling off of the
demand for tv sets. Commercial
and industrial production is seen
rising 184 percent.

The plan envisions 1967 produc-
tion as: entertainment electronics,
$1.16 billion; communications
equipment and noncommunications
wireless equipment, $770 million;
miscellaneous electronic equipment,
$248 million; electric measuring
and industrial instruments, $155
million; electron tubes and semi-
conductor devices, $341 million;
other components, $508 million.

45



MICROTRON, microwave power source for electronic food preparation units,
featuring a CW magnetron from our line of microwave tubes and display
devices. San Carlos, California. In Europe, Box 110, Zurich 50, Switzerland.
B LITTON INDUSTRIES
ELECTRON TUBE DIVISION
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HERE IS THE WORLD’S SMALLEST MOTOR

YET IT'S SO POWERFUL . . .

e

MODEL MI-100

MITSUMI MICRO MOTOR

Less than 20mm in diameter, the new Mitsumi Micromotor
provides a startling efficiency of over 50%, the barrier which
miniature motors are not allowed to pass.

A novel construction principle helped to make this accomplish-
The form is more simplified by setting all
Because the entire mechanism

ment possible.
the terminals at one position.
is given full protection against irregular revolution and obove
oll, electrical noise is entirely eliminated, you may call this
the most perfect micromotor yet devised. Please write for
complete information on Mitsumi  Micromotor, and we will
send you specifications and data.

MITSUMI PARTS

MITSUMI ELECTRIC CO., LTD.

TOKYO « OSAKA - NEW YORK
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MEETINGS AHEAD

AEROSPACE RELIABILITY & MAINTAIN-
ABILITY CONFERENCE, AIAA, SAE,
ASME; Marriott Twin Bridges Motor
Hotel, Washington, D. C., May 6-8.

NATIONAL AEROSPACE INSTRUMENTA-
TION SYMPOSIUM, I8A; Jack Tar
Hotel, San Francisco, California,
May 6-9.

BLECTRONIC CONPONENTS CONFERENCE,
IEEE, EIA; International Inn, 14th &
M Streets, N. W., Washington, D. C.,
May 7-9.

EAST CENTRAL & ALLEGHANY OHIO VAL-
LEY DISTRICT MEETING IEEE; Commo-
dore Perry Hotel, Toledo, Obhio;
May 8-10.

PULP & PAPER INSTRUMENTATION SYM-
POSIUM, I1SA; Peabody Hotel, Mem-
phis, Tenn., May 8-10.

NATIONAL AEROSPACE ELECTRONICS CON-
FERENCE, IEEE, AIAA; Biltmore Hotel,
Dayton, Ohio, May 13-15.

NATIONAL POWER INSTRUMENTATION
SYMPOSIUM, ISA; Bellevue Stratford
Hotel, Philadelphia, May 13-15.

ELECTRONIC PARTS DISTRIBUTORS SHOW,
Electronic Industry Show Corpora-
tion; Conrad Hilton Hotel, Chicago,
May 20-22.

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

WESTERN ELECTRONIC SHOW AND CON-
FERENCE, WEMA, [EEE; Cow Palace,
San Francisco, Calif., Aug. 20-23.

ADVANCE REPORTS

CANADIAN ELECTRONICS CONFERENCE, IEEE
Ezxhibition Park, Torounto, Sept. 30-
Oct. 2. May 15 is the deadline for sub-
mitting a 100-word adbstract and a 500-
1,000-word summary to: Dr. J. L. Yen,
Chairman, Technical Program Commit-
tee. Canadian FElectronics Conference,
1819 Yonge Street. Toronto 7, Canada.
Papers in electronics and related areas
are looked-for. Authors need not be
members of IEEE.

NATIONAL BLECTRONICS CONFERENCE. Na-
tional Electronics Conference. Inc.; Mc-
Cormick Place, Chicago. Oct. 28-30. May
15 i3 the deadline for submitting 5 copies
of a 150-word abstraet and 2 copics of
completed paper or 700-word summary
to: Dr. H. W. Farris, EE Department,
University of Michigan, Ann Arbor,
Mich. All scientific and engineering as-
pects of entire techmical range of elec-
tronics are of interest.

NORTHEAST ELECTRONICS RESEARCH & EN-
GINEERING MEETING, IBEE . Commonwealth
Armory and Somerset Hotel, Boston,
Nov. 4-6. June 7 i8 deadline for submit-
ting 600-1,000-word condensed wversions
of paper in triplicate and 35-50-word
abstract to: Arthur O. McCoubrey, Bos-
ton 8ection, IEEE, 31% Washington
Street, Newton 58, Mass. Papers should
describe significant original advance-
ments in the various electronic flelds.

May 3, 1963 e electronics



Smaller diameter
for complex hook-ups

with Beldfoil*

- >

shielded cables

Where shielding is required you can reduce the
size and weight of your cable with Beldfoil
shielding. This new development can greatly
reduce the diameter of multi-conductor cables.

Multi-cable hook-ups can also be confined
to less area. In many applications Beldfoil
shielded cables can replace combined and com-
plex hook-ups of twisted pairs and individual
conductors laced together.

Beldfoil is a lamination of aluminum foil
with Mylart which provides a high dielectric
strength insulation that is small in diameter,
light in weight and low in cost. Its superior
characteristics give 1009, isolation between
shields and adjacent pairs.

For audio and radio frequency applications, it
eliminates cross-talk and is ideal for stationary
or limited flexing.

The cable cross sections shown below (outer jackel nol shown) are just a few of the maay intricate
and diverse ways Beldfoil has been used 1o solve & specific shielding problem for a cusiomer

If you have a space or design problem on shielded cables Belden engineering can help you.

Folded Foil

Mylar Tape
Aluminum Foil
insulated Conductors
Drain Wire

power supply cords » cord set and portable cordage
« electrical household cords « magnet wire « lead wire
. welding cable « automotive wire and cable

*Belden Trademark  Reg. U.S. Pat. Off. tdu Pont Trademark



SWELL CONTROL PEOAL FOR L-100 SERIES ORGAN SHOWING WHERE ALLEN-BRADLEY
TYPE J VARIABLE RESISTOR IS USED.

HAMMOND ORGAN COMPANY USES THE POPULAR TYPE J TO INSURE LONG LIFE
AND LOW NOISE IN THE SWELL PEDAL CONTROL OF THEIR NEW SPINET ORGAN.

Hammond engineers — through tough tests —sold
themselves on A-B Hot Molded Variable Resistors

B In selecting components for the swell control pedal,
which is in constant use, Hammond Organ Company
exercised traditional care to make certain their new spinet
will remain a lifelong companion. Therefore, Hammond
engineers conducted cxtensive tests to determine the con-
trol that would provide the longest life in this quite
abusive application. Because of the wide degree of ampli-
fication, an extremely low noise level is tremendously impor-
tant. Based on such tests, the Hammond engineers selected
the Allen-Bradley hot molded Type J variable control as
their No. 1 choice. The special tapers necessary for this type
of application are easily accomplished in the Type J control.

Hammond Organ Company’s new spinet also uses A-B
hot molded fixed resistors, which are world famous for
their consistently uniform characteristics, low noise level,
and complete freedom from catastrophic failures.

You can be certain of protecting the reputation of your
equipment by always insisting on A-B fixed and variable

resistors. For more complete information on the entire
line of A-B quality electronic components, please write for
Publication 6024.

Type J controls are rated
2.25 watts at 70°C and are
availableinstandardtapers
and standard total resis-
tance values up to 5 meg-

ohms. Special tapers and
special, as well as higher
resistance values, are also
available.

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wisconsin ® In Canada: Allen-Bradley Canada Ltd., Galt Ontario

QUALITY ELECTRONIC COMPONENTS I ALLEN - BRADLEY

43 CIRCLE 48 ON READER SERVICE CARP

May 3, 1963 o electronics



£

_ CONSUMER

ELECTRONICS

Small-screen tv is back with vigor, color tv sets will be
smaller and imported ones will be sold here, a new type

of electronic organ is coming out, and this year should be
the best yet for tv, radios, phonographs and tape recorders

By STEPHEN B. GRAY,

Assistant Editor

ELECTRONICS FOR ENTERTAINMENT will have
its biggest year in 1963, even if only half the pre-
dictions come true. The makers of color sets are sure
that tinted tv will bring down the house this year,
and U.S. black-and-white receiver makers are getting
in on the small-screen money. Also, rapidly decreas-
ing microelectronics prices may soon permit using
thin-film and integrated-circuit electronics for tv,
radio and phonographs.

TINYVISION—Several tv companies are predicting
that 6 million black-and-white sets will be sold this
year. Estimates on how many small-screen sets will
be sold run from 100 to 200 thousand. The Japanese
small sets are selling well, despite the fact that U.S.-
made small-screen tv, from 8 to 14-inch, got a luke-
warm reception in 1956 and 1957. However, those
sets were vacuum-tube types, and although the
screen was small, the set was not. The size of the
Japanese sets has made them popular for their
novelty and portability, and some of the more ex-
pensive ones have become status symbols. If it were
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not for the competition, the pioneering Sony Cor-
poration might well have left the price of their 5i-
inch 8-pound transistor model at $280, instead of
bringing it down to $190.

Not to miss out on the microtelevision market,
General Electric and Admiral will bring out 11-inch
vacuum-tube models this summer for $100.

THE LATEST TV RECEIVER by Zenith is a 16-
inch portable which, to provide a rugged assembly,
bas a superstructure attached to the chassis for
mounting the tuner and loudspeaker at the top
(see photo). According to Zenith, the chassis is
“horizontal, handwired, handsoldered and hand-
crafted.”

The circuits are almost identical to those of
Zenith’s 19-inch 114-degree table model sets, except
that the power transformer has been eliminated to
reduce weight. A 13J10 tube, which combines the
6BN6 audio detector and an audio pentode similar
to the 6AQ5, was used to save space.

This receiver uses a 16AVP4 picture tube incor-
porating the new low-drive high-g, gun developed
by the Rauland Corporation, a Zenith subsidiary,
which provides a much higher brightness for a
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given amount of video drive, by designing for a
greater amount of available beam current when the
grid-to-cathode voltage approaches zero during peak
white video information.

Even though a much larger amount of beam cur-
rent is available when it is needed (during high-
lights), the design provides that the beam current
is greatly restricted when the tube accidently loses
its bias or the set is turned off. This eliminates the

PAST PERFORMANCE

Last year was the best since 1956 for tv, and the best
ever for radio sales, according to EIA. Nearly § mil-
lion phonographs were sold in 1962, almost a million
more than previous year, with stereo outselling mon-
avral almost 3 to 1

STEREO TAPE RE-
CORDER, model 605
by Concertone

PORTABLE TV receiver with 16-inch screen, by Zenith

hazard of screen spot burn without complicated ex-
ternal circuits. The new gun is also used in all Zenith
19-inch tubes and most of the 23-inchers.

The 16-inch portable tv receiver has the automatic
fringe-lock circuit that is on all Zenith tv sets. On
previous receivers, the degree of noise immunity was
determined by the adjustment of a fringe-lock con-
trol in the noise-gating grid of the agc and sync
clipper tube, which was set by the serviceman to
suit local signal conditions. In some instances, where
both strong and weak signals exist, the noise pro-
tection of the weak signal had to be compromised so
that a “paralysis’ or “split-phase” condition would
not occur when switching to a strong-signal channel.

The automatic fringe-lock circuit uses a varistor
instead of an adjustable control (Fig. 1). As the
signal level to the detector decreases, the video screen
decreases in potential. Since the varistor is con-
nected to the video screen, less potential is applied
across the varistor. This action is the same as adjust-
ing the fringe-lock control.

THE “COOL CHASSIS” contruction that Philco
has featured for the last three years in their black-
and-white console tv sets was extended last year to
their 19-inch portables, and is now used in the 16-inch
Courier portable.

This ventilation design features extra openings in
the chassis, all components mounted on top of the
chassis, heat barriers to isolate high-heat components,
and elimination of heat traps. Philco claims a heat
reduction of, for instance, as much as 24 percent in
operating temperature in the sync separator area,
equivalent to 15 deg C.

The Courier black-level circuit (Fig. 2A) d-¢
couples a signal reference level from the video out-
put stage to the crt cathode. This reestablishes a
uniform d-c signal level, which is relatively un-
affected by the changing picture information. The
d-c reference level is taken from the plate of the
video output stage, and is applied to the crt cathode
through peaking coil L, and resistor R,. With the
d-c level once established, the video information is
then fed to the cathode through the contrast con-
trol and capacitor C,.

In the Courier, a varistor limits the maximum
vertical pulse amplitude before applying it to the
vertical output transformer (Fig. 2B) and adjusts
vertical drive in compensation for slight compo-
nent-value changes that occur as the set warms up.
Pulse limiting is required to prevent damage to the
vertical output transformer by the high-amplitude
vertical spike. During pulse time, capacitor C,, which
is connected to the plate of the vertical output stage,
charges through varistor R, causing a high potential
to appear across the varistor. Varistor resistance
decreases, causing C, charging current to increase.
Thus, the amplitude of the vertical pulse is reduced
or damped by the C, and R, shunt load. However,
during the time between pulses, the reverse situa-
tion exists. The potential across C, and R, is low,
which increases the varistor resistance, and thus the
effect of the C,R, shunt path is lessened, resulting
in no appreciable loading or damping of the sweep
voltage during line time.
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For regulation of the vertical output-stage bias, a
negatiwe potential is developed across the varistor
in proportion to the pulse amplitude. The bias path
is from the junction of R, and C,, through the ver-
tical size control to the grid of the vertical output
stage. If there is an increase in yoke impedance
during warm-up of the set, the vertical sweep de-
creases, and the resulting lower-amplitude vertical
pulse that appears across C, and R, causes the varis-
tor resistance to increase, the charging current
through C, to decrease, the negative potential across
the varistor to decrease, the negative potential at the
R, end of the vertical size potentiometer to decrease,
and the negative grid bias on the vertical output
stage to decrease, Thus, vertical output conduction
is increased, which increases vertical scan.

Among the latest innovations in Philco tv receivers
ia the extended use of frame-grid tubes in tuners, i-f
and video stages. A new circuit often requires that
changes be made elsewhere: the reduction of B-plus
voltages for longer life of, and less stress on, com-
ponents required the development of low-voltage,
high-efficiency sweep tubes, high-G. picture tubes
and a frame-grid video tube. The use of high-G.
picture tubes necessitated new production techniques
for gun alignment and spacing jigs. The introduc-
tion of modular construction for i-f circuits required
development of a system to provide built-in ca-
pacitances and inductances in etched-circuit subas-
semblies. The use of d-¢ coupling in video stages re-
quired new developments in contrast controls. Other
recent innovations are: introduction of toroid verti-
cal deflection coils in the yoke, for greater efficiency
in the vertical circuit, and use of varistors as regulat-
ing devices for sweep circuits.

COLOR TELEVISION—Predictions on 1963 sales
of color tv run from 250 to 700 thousand sets. Last
year, 400,000 color receivers were made, but only
half that many ended up in homes, mainly because
of price. The GE base price for a color set is $495,
unchanged from last year. RCA is so optimistic
over the color market that after this year they will
no longer supply their color chassis to other users,
claiming they will need the entire production for
their own sets.

The current producer of all picture tubes for color
sets, RCA, will have competition shortly. This fall,
National Video Corporation plans to market a 23-
inch 90-degree rectangular color picture tube, which
will permit color tv sets to be reduced more than 20
percent in depth from the present 27-inch front-to-
rear bulk. A Zenith subsidiary, Rauland Corpora-
tion, will shortly begin production of a 21-inch 70-
degree color tube, the same size as the RCA tube.

A Japanese 14-inch color set that weighs 70 pounds
will be sold here in June for $369 by Delmonico In-
ternational, along with a 17-inch color receiver for
$429. Unlike previous Delmonico receivers, which
kad a U.S.-made color tube on a Japanese chassis,
both these sets feature Japanese color tubes.

TAPE RECORDERS—Over half a million tape
recorders were sold in 1962, with a rising rate of in-
crease that may result in 50 percent more sales for
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AUTOMATIC fringe-lock circuit for tv receivers, by
Zenith—Fig. 1 '

BLACK-LEVEL circuit (A) and vertical compensation
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portable; half of stator-plate tone generator (C) used in
Electro-Voice electrostatic organ—Fig. £
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AMPLIFIER, one of five in multichannel chassis for do-it- yourself Artisan organ—Fig. 8
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REAR VIEW of Artisan build-it-yourself organ, Im-
perial model, with over 250 independent oscillators and 30
preamplifiers

F-M MULTIPLEX receiver, partial schematic, by Ad-
miral—Fig. 4
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1963 over last year. It is expected that an increas-
ing number of manufacturers will incorporate tape
decks in consoles, one reason being that a tape
recorder goes well with f-m stereo in a console. The
current mixture of recorders sold is 50 to 60 per-
cent complete monaural; 30 percent stereo playback
and monaural record; 15 percent full stereo; and
about 5 percent component decks.

The 44-pound Concertone model 605 stereo recorder
(see p 50) has a double-gap ferrite-core erase head.
With a bias frequency of 100 Kc, nickel alloys get
bhot due to eddy-current losses, but ferrite at that
frequency operates with virtually no heat. Thus the
tape can remain stationary while the machine is in
record mode without burning or warping. The double
gap erases the tape twice, in effect, and permits an
erasure of 65 to 70 db. The play head is completely
shielded with Mu-metal to help eliminate reverse-
channel crosstalk when four-track heads are used: the
flux on the tracks not being played is shorted across
the Mu-metal front. By holding the play head gap
to 0.0001 inch, a 15-Kc response at 7} ips results.
The entire head assembly can be unplugged and re-
placed with other head combinations, for full-track,
two-track or four-track recording.

The Norelco 4-track stereo recorder, model Con-
tinental 401, features four speeds, including 1§ ips
for up to 32 hours of recording on a 7-inch reel, using
half-mil tape and one track at a time. Using a
0.0001-inch head-gap, the reported frequency at
=+3 db at this speed is 60 to 4,500 cycles.

ELECTRONIC ORGANS—A new type of organ will
be introduced by Electro-Voice in the latter part
of this year, based on electrostatic pickup of organ
tones from physical analogs of the complex wave-
forms,

Pipe organs of outstanding timbre were recorded,
and the recordings converted to circular wave-
form patterns (Fig. 2C) on a six-inch stator plate.
The organ contains 24 of these plates, two for each
different note of the octave, with each pair provid-
ing all the various voices in the different octaves
for that note. The outer waveforms are for the
top octave; pedal notes are in the center. A syn-
chronous motor rotates over the waveform plates,
producing a variable capacitance that is fed to a
stator connector which carries only that one wave-
form signal.

The Electro-Voice organ has only four basic units:
stator-plate tone generator, key switches, power am-
plifier and loudspeakers. The amplifier of the integral
audio system has three tubes, and three more are in
the power supply. Tone cabinets have been developed
that will include loudspeakers such as the 30-inch
woofer, to produce fundamental base frequencies
down to 15 cps. These low frequencies are felt physi-
cally as well as heard.

The Wurlitzer Company introduced their first
all-transistor organ this year. Previously, their
organs were either of the vacuum-tube or amplified-
reed types. The new organ uses 87 diodes and 84
transistors, in a two-keyboard configuration with a
13-note pedalboard and 22 tone-controls tabs. An
earphone plug permits silent playing. Twelve tran-
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sistor oscillators and a divider chain produce square
waves for such organ voices as the woodwinds,
stepped flute and tibias. Diode keying and shaping
circuits produce a sawtooth pattern, for voices such
as the strings, open flutes, reeds, brass and diapason.
By pressing the volume control to the right with the
foot, all the organ frequencies slide up in a half-tone
for creating such effects as the Hawaiian guitar,
slide trombone, and the portamento of bowed instru-
ments. This feature was used on the Lowery organ
several years ago.

A recent Artisan build-it-yourself vacuum-tube
organ is the three-manual Imperial model (see p 52),
with a 32-note radiating pedalboard. It features the
theater-type horseshoe console, which is becoming
more and more popular. The Allen Organ Company
is now building four theater-type models.

Optional accessories for the Artisan organs in-
clude chimes, glockenspiel and band box. The Im-
perial has booth theater and concert-type voices.
Artisan feels that “although several organ firms
have gone over to transistor oscillators, the tone
quality of the transistor does not compare with that
of the vacuum tube, and the cost factor offers no ad-
vantage either.”

The latest Artisan transistor 5-channel amplifier
has a varistor control circuit that allows one or more
amplifiers to be controlled by a single line from the
volume pedal. Each channel (Fig. 3) has its own
volume, bass and treble controls, for flexibility in
voicing the stops with which each amplifier is used.

The two-transistor preamplifier circuit was chosen
because of its inherent low-noise characteristics,
temperature stability and economy. The driver cir-
cuit, which uses full negative feedback and therefore
has no effective voltage gain, supplies the base cur-
rents to the output transistors with the required
phase relationships to drive the power-output half-
bridge circuit.

The half-bridge varistor circuit was chosen be-
cause it introduces the least noise into the amplifier
circuit and can provide the desired level control.
The shot noise produced by a thyrite seems to be
most active during the period when the bias voltage is
applied, and is usually reduced noticeably within 15
or 20 seconds.

F-M STEREO—A transistor f-m multiplex re-
ceiver will be introduced this month by Admiral,
with noise squelch, automatic stereomonaural switch-
ing and an incandescent-lamp multiplex beacon.

Noise squelch is obtained between stations by us-
ing transistor @, (Fig. 4) as an r-f controlled 19-Kc
amplifier. With no signal to the receiver, Q, is cut
off by a small positive voltage from the ratio detector,
developed by noise. The combination of capacitor C,
and diode D, senses the presence of a signal and de-
velops a bucking voltage sufficient to turn on Q,
activating the subcarrier regenerating channel. Be-
cause this activating point is at a level approaching
quieting, effective noise squelch between stations is
accomplished.

The Q. circuit is a switched 38-Kc amplifier. In the
absence of 19-K¢ information to D, and D, no bias
is developed between the base and emitter of Q,, thus
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cutting off the amplification of this stage. When
19-Ke signal is applied to these diodes, they act as a
full-wave rectifier, doubling the frequency and de-
veloping a d-c component that turns on Q..

Simultaneously, resistors R, and R, adjust the op-
erating conditions for the multiplex decoding diodes
D, and D,. When Q, is not amplifying (in the absence
of a 19-Kc¢ multiplex sub-carrier), there is no voltage
drop across R, as a result of Q, collector current, and
thus D, and D, are forward-biased through R, to allow
undistorted transfer of the monaural signal through
the diodes. When Q, receives subcarrier information,
it passes current through R, which in turn lowers
the voltage at the junction of R, and R, to reduce
the bias for D, and D, for proper stereo operation.

The d-¢ current change through Q, is also passed
through R, to control the stereo indicator light. Tran-
sistor Q. acts as an emitter follower, turning the
light on when voltage is developed at the base of Q,
and turning it off when there is no voltage.

Supplementary carrier authorization (SCA) rejec-
tion is performed by a filter network that attenuates
the entire SCA service band while passing the sum
and difference information and adjusting the delay
between the two for proper detection at D, and D,
This removes commercial f-m services.

SPEAKERS—The recently developed Matsushita
MF-800 loudspeaker and amplifier combination fea-
tures what the manufacturer calls a variable accelera-
tion-velocity type of motional feedback (MFB) sys-
tem. This system obtains adjustable damping and
frequency response in the low-frequency range of the
speaker by a differential circuit in the feedback loop.

Motional feedback refers to feedback of a voltage
in proportion to the vibration of the MFB speaker
cone, to the driver stage of the amplifier (Fig. 5A).
The source of the voltage pickup is an electromechan-
ical device in the loudspeaker. Previous systems fed
back the voltage in proportion to the velocity of the

loudspeaker cone; this system feeds it back in pro-
portion to the acceleration of the loudspeaker cone,
to the driver stage of the audio amplifier. The results
are, according to Matsushita, an extended reproduc-
tion range and reduced distortion.

When the velocity-type MFB is applied to a cone-
type loadspeaker mounted in an infinite baffle or in
an enclosed box, the response characteristics will
change as shown in Fig. 5§B. The lowest response
frequency does not change; rather, the sharpness Q
of the resonant point of the loudspeaker movement
changes. Therefore, as the velocity feedback in-
creases, the low-range response will be lowered pro-
portionally and tends to become overdamped, requir-
ing preemphasis in the preamplifier circuit.

When acceleration-type MFB is applied to a cone-
tvpe loudspeaker, the axis of the frequency response
changes, as shown in Fig. 5C. The apparent lowest
resonance frequency will be lowered and the reso-
nance sharpness is increased, resulting in an expan-
sion of the reproduction range at low frequencies.
There is less distortion in the acceleration-type MFB
than in the velocity type, according to Matsushita,
because there is no decrease of feedback even in the
high-frequency range. When the feedback of the
accleration type increases, the sharpness of the reso-
nance Q at the lowest resonance frequency becomes
wider, and the value of Q changes. Therefore, the
combination of velocity and acceleration types gives
a more flexible method of changing the response at
the low-frequency range.

The MF-800 picks up the voltage in proportion to
the velocity of the loudspeaker cone by a pickup coil
moving in the magnetic field, and feeds back this
voltage change in proportion to the acceleration,
through a differential circuit. The phase shift of the
feedback voltage increases in the high-frequency
range, and unless acceleration feedback is reduced,
an unstable feedback system may result. Also, less
acceleration feedback will cause an increase in gain.

MOTIONAL FEEDBACK: feedback loop, with partial schematic of amplifier (A); effect of velooity-type MFB (B)
and of acceleration-type MFB (C) in loudspeaker-amplifier system by Matsushita—Fig. 5
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New Digital Conversion
Method Provides
Nanosecond Resolution

This analog-to-digital converter uses a bank of 8 sampling

circuits that simultaneously receive a signal but

fire at different levels to quantize the signal

By A. A. FLEISCHER and EDWARD JOHNSON

Santa Barbara Laboratories,

Edgerton, Germeshausen & Grier, Inc., Santa Barbara. Calif.

ANALOG - TO - DIGITAL conver-
sion systems usually consist of an
analog storage device (delay line,
capacitor, pulse-stretcher) ramp
generator, coincidence circuits, and
digital clock or scaler. These cir-
cuits record the number of clock
pulses between a start pulse and the
coincidence between the height of
a ramp function and the unknown
stored analog signal. The delays in-
herent in such systems (scaler reso-
lution, data address, etc.) usually
limit time response to 10~ to 10°*
sec. Faster time response may be
achieved by using one analog stor-

electronics ¢ May 3, 1963

age device per data point.

A new method of analog-to-digital
conversion that lends itself to much
shorter resolving times is the par-
allel sampling of an unknown input
signal at predetermined levels and
time intervals. Figure 1A is a block
diagram of a system that employs
parallel sampling to provide nano-
second analog-to-digital conversion,
A signal source such as a scintilla-
tor-photodiode converts a nuclear
signal to its electrical analog and
transmits it to the height sampler.
The number of height samplers de-
termines the number of binary bits

QUTPUT

=3

Iy
N
N

> rr.

——

2 % e RN

MEMORY PACKAGE used in the
analog-to-digital converter has
storage capacity of 160 eight-bit
words

per digital word, The input voltage
signal is sampled and digitized by
comparing it with known discrete
levels. It is then coupled to a gating
circuit (time quantizer) where time
information is added which results
in an output of digital-pulse-height
per unit of time. The sampling and
gating circuits, contained on one
circuit board, consist of eight
4-transistor difference amplifiers
and 8 tunnel diode gating circuits.

SAMPLING CIRCUIT—One of the
sampling circuits is shown in Fig.
1B. The input impedance of this

55

i e

v’ Ale



SI + OUTPUT FROM
A SAMPLING CIRCUIT
s
>
z 3 *INPUT
= Ll SIGNAL
(-
o
T ——— REF LEVELS
—_
) WA W T N G N T U U Y
0 2 4 6 B8 10 12 14 16

TIME IN NANOSEC

SAMPLING a fast-rising pulse—
Fig. 2

circuit is 50 ohms; however, the use
of balanced emitter followers @, and
Q. increases the apparent input im-
pedance seen by the input and refer-
ence signals to greater than 10,000
ohms. The input signal is com-
pared to the reference signal in the
emitters of @, and @, In the quies-
cent condition @, is conducting and
generates a current /,, The voltage
I, R, keeps Q, cutoff until the emit-
ter current I, through Q, is greater
than I,. Then @, is driven to cutoff
and @, is turned on. Between cutoff
and saturation both @, and Q. act
as amplifiers whose voltage gain is
a function of R,, R., R, and the beta
of @; and Q.. A positive output sig-
nal is generated across R, These
currents have 1-nanosecond switch-
ing and 4-nanosecond delay time.

Eight of these sampling circuits
are connected in parallel and divide
the input signal at each point in
time into eight basic levels. A
change in the absolute value of the
reference voltages does not effect
the ratio between any two levels.
Sampling may be accomplished on
input signals ranging from milli-
volts to 10 v and in a linear (2
decades) or logarithmic manner
(3 decades). Figure 2 shows the
results of sampling a fast rising
pulse.

GATING CIRCUIT — The signals
from the sampling circuits are con-
nected to one input of the fast tun-
nel diode gating circuits (Fig. 3).

E3 RESET PULSE

. D
E, —‘\AA—@R'

Ec+3VD-C

Ecs+3VD-C
E|,Ez= +3V PULSES

Es= -4y PULSE
4 Dy,02,04=8D-4
kR Eo—1 D;— IN3149
Ez'“',{'“@' §RL 250  I,-QUIESCENT
IK RS I,- CURRENT IMPOSED BY E,
= = I,- CURRENT IMPOSED BY E,
1,—1ImA -
10ma 1+ +5mA T
I| —8mA 4
Io—'smA E
|
%
l
1
! ! .
30mv 350mv__ 500mV B0-4
60mv IN3149 400mV {BACKWARD DIODE)

ONE INPUT of this fast tunnel diode gating circuit receives signals from

the sampling circuits—F'ig. 8

A 100-Mc clock pulse is connected
to the other input and a coincidence
between the signals occurring at
the two inputs quantizes the signal
being analyzed in time. A pulse oc-
curring at the same rate as the clock
pulse but delayed by 4 nanoseconds
resets the tunnel diodes. This type
of tunnel diode gating circuit is also
referred to as analog threshold logic
circuit. The current through R,
holds tunnel diode D, in the low
voltage state. An input to E, from
the height samplers causes the cur-
rent through D, to increase from
5 to 8 ma. If this input is coinci-
dent with a clock pulse at E, an
additional 3-ma current flows
through D, causing D, to switch
from the low voltage state to a high
voltage state. Low voltage state is
60 mv, high voltage is 400 mv. Di-
odes D, and D, isolate the inputs
from each other and R, limits the
current through D, when D, is in
the high voltage state. Diode D,
passes current when D, is in the
high voltage state. The switching
time of this circuit is better than
1 nanosecond. The output of the

A/D CONVERTER USES

Extremely fast analog-to-digital conversion of singly occurring
transients or randomly occurring pulses can be achieved with this
analyzer. It can also sense a zero slope per unit time and in
this mode it can be used as a multichannel pulse height analyzer
with a dead-time dependent only on the rise of pulses it Is

analyzing

56

gating circuits is digital-pulse-
height per unit of time.

Amplifier circuits (Fig. 4) pro-
vide sufficient current gain to store
the digital information from the
gating circuits in the memory. This
wideband amplifier consists of four
class A common emitter a-c coupled
cascaded amplifiers with negative
feedback at every second stage. The
amplifier has a voltage gain of 12
and a bandwidth of 100 Mc (upper
3 db point). The rise time of the
circuit is 3 nanoseconds; pulse pair
resolution is 5 nanoseconds. The
signal-to-noise ratio is better than
100 to 1 for input voltages from 0
to 200 mv. The drive circuits pro-
duce currents in the word and in-
formation lines of the memory dur-
ing the read or write mode and
develop 4 and 2 amp in their asso-
ciated lines.

MEMORY—The memory package
(see photo) has a storage capacity
of 160 eight-bit words. It is con-
nected for parallel input and access.
It consists of a work-oriented, cur-
rent-coincident, thin, magnetic film
memory. Each 8 by 20 memory
plane is fabricated by vacuum dep-
osition of the thin film in a strong
magnetic field. The work lines are
parallel to the hard direction and
generate a field parallel to the pre-
ferred direction. The sense lines
are located between the information
conductors and reduce the capacity
between the sense and information
lines. Pulses of 5 nanoseconds width
with 1-nanosecond rise time occur-
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WIDEBAND AMPLIFIER provides sufficient current gain to store digital
information from gating circuits in the memory—Fig. 4

ring at a 100 Mc¢ rate have been
stored in the existing memory.

Sense amplifiers have been devel-
oped to read the information stored
in the memory. An amplifier (Fig.
5) amplifies the small signals stored
in a desired memory location while
simultaneously rejecting noise ap-
pearing from partially selected bits
on the same sense line. It consists
of a completely isolated differential
amplifier operating from a low im-
pedance source.

If the converter is to be used as
a pulse height analyzer for rapidly
occurring random voltage pulses, a
height logic card is provided. This
logic circuit senses the maximum
pulse height of incoming signals
and causes the information to be

INPUT
220pF
50 %
ar
8T 220pF
INPUT
SIGNAL

SENSE AMPLIFIER used to read information stored in the memory—Fig. §
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stored in the memory as a function
of pulse height.

Temporary storage circuits pro-
vide buffer operation and circuit
time compatibility between the fast
memory and a slower digital-to-

analog converter and furnish bi-
nary-to-decimal data to Nixie tubes
for visual readout. The parallel-to-
serial converter transfers serial
word data to a telemetry unit for
space and field operation.

CONCLUSION — This analyzer
provides extremely fast analog-to-
digital conversion of singly occur-
ring transients or randomly occur-
ring pulses. It senses a zero slope
per unit time and in this mode can
be used as a multichannel pulse
height analyzer with a dead-time
which is dependent only on the
rise of pulses it is analyzing (pulse
pair resolution of 10~ sec for ran-
dom pulses with a 0.1 usec time
is possible).

It has a 160 eight-bit word stor-
age capacity and is limited to 10
nanosecond sampling time by the
available memory devices. Silicon
transistors and a thin film memory
in modular design provide tempera-
ture stability and physical rigidity
of the entire system.
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EQUIPMENT can be operated
from three-phase (A) or single-

Frequency Septupler Provides

= |
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phase (B) power—Fig. 1

Standard 400-cps equipment can be operated from either

single-phase or three-phase 60-cps lines. This frequency

multiplier requires fewer transformers, and output voltage

remains constant despite large variations in supply voltage

By WILLIAM A. GEYGER, u. 8. Naval Ordnance Laboratory, Silver Spring. Md.

STATIC 60-to-420 cps frequency
multiplier provides constant
square-wave voltage despite large
variations in supply voltage. The
highly reliable septupler can be
used to operate 400-cps equipment
from either single-phase or three-
phase 60-cps lines. Since the out-
put terminals can be permanently
short-circuited, the multiplier pro-
tects itself and the quipment it sup-
plies from overloads.

Seven saturable transformers are
used in the frequency multiplier.
The multiple primary windings are
series-star connected and the sec-
ondaries are series-aiding con-
nected. The use of capacitors and
linear reactors in the primary cir-
cuit permits operation from a
single-phase source as well as pro-

viding excellent stability in the out-
put voltage.

The possibility of using satur-
able-core transformers as static fre-
quency multipliers has attracted
interest since the beginning of the
century.' Recent developments, par-
ticularly in the fields of magnetic
amplifiers and flux-gate magnetom-
eters, have revived interest in meth-
ods of producing even or odd-har-
monic multiples of power supply
frequency. The phase-multiplier
type stabilized 60-to-420 cps fre-
quency transformer® has increased
in importance for operation of
standard 400-cps equipment from
60-cps lines.

Conventional frequency multi-
pliers operating from three-phase
supplies at frequency ratios of n =

2 9

3
+
0
3
i-———'-—'—-—T!Ipr e —
|
| 3 ._5_ 7 2 4 6 |

+ 1 [ 1 1 1 r1r1r
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! 3 5 7 2

VECTORS show relationship of seven phase-displaced currents (A). Idealized waveforms (B) show voltage across
one secondary and across all secondaries in series—F'ig. 2
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Stable 420-Cps Voltage

B, 7 or 9 require additional trans-
formers for deriving n saturable-
reactor supply voltages.® By pro-
viding multiple primary windings
in this multiplier, the need for these
additional phase-changing trans-
formers is eliminated. By combin-
ing the primary circuits of the
seven saturable transformers with
three power-factor cassecting shunt
capacitors and three series-con-
nected linear reactors, excellent
stability of the output voltage is ob-
tained.! Thus this magnetic fre-
quency multiplier has the proper-
ties of ordinary ferroresonant con-
stant-voltage transformers.

Only minor modifications are
needed to operate this three-phase
frequency multiplier from a single-
phase supply. By using a single
linear reactor instead of three sepa-
rate linear reactors, the seven
saturable-core transformers with
three shunt capacitors function as
a phase converter, establishing a
substantially symmetrical three-
phase system.

A stabilized 60-t0-420 cps fre-
quency multiplier providing output
power up to about 40 watts was re-
quired for several laboratory proj-
ects. Two similar prototype de-
signs have been developed using
these basic concepts. The three-
phase design operates from a
source in the range of 180 to 220
volts, while the single-phase design
operates in the range of 100 to 140
volts. Measured total efficiency
(watts out divided by watts in) of
both multipliers is about 60 to 70
percent with a purely resistive load.

PRINCIPLE—The magnetic fre-
quency septupler in Fig. 1A is a spe-
cial form of the phase-multiplier
frequency transformer.** With an
odd-harmonic frequency ratio, n, a
substantially sinusoidal magnetiz-
ing current is produced by suitably
interconnecting n saturable trans-
formers into an n-phase group from
which the nth harmonic voltage is
filtered by a polygon-winding con-
nection. Frequency multiplication
ratio » may be an odd number, gen-
erally 5, 7 or 9.

Actual magnitude of the square-

electronics ¢ May 3, 1963

BREADBOARD model is three-phase type frequency multiplier that pro-

vides up to 4L0-watts output power

WHAT TO LOOK FOR IN A FREQUENCY MULTIPLIER

Power for developing and testing 400-cps equipment can be
provided in a variety of ways. However, an ideal power source
for this application is difficult to realize. Many of the required
characteristics are common to most electronic equipment: reason-
able original cost, limited maintenance requirements and high re-
liability. The frequency converter should also operate from either
single-phase or three-phase 60-cps power lines. This frequency
multiplier does. it also provides stable output voltage

wave output voltage of a frequency
n times supply frequency f, can be
maintained nearly constant by the
saturated magnetic cores. Thus,
the circuit also serves as a constant-
voltage transformer. Power-factor
correction is achieved by shunt ca-
pacitors and series-connected linear
reactors. Also, capacitive compen-
sation of the inductive impedance
of the multiplier can be used.

The frequency septupler in Fig.
1A has n = 7 saturable transform-
ers with the indicated percentage
of turns in the multiple primary
windings and series-connected sec-
ondary windings. The correspond-
ing star-connected groups of pri-
mary windings are supplied with
three substantially sinusoidal cur-
rents I, Is, I, displaced 120 degrees
apart and derived from the three-
phase, three-wire supply R, S, T.

In the three-phase circuit in Fig.
1A, shunt capacitors C,, C, and C,
and series-connected linear reactors
L, L, and L, are used to obtain con-
stant output voltage E, despite

large variations in power supply
voltage E,. These stabilizing and
power-factor correcting components
are connected between power supply
terminals R, S, T and inner ter-
minals R’, &, TV of the frequency-
transforming system.

In the single-phase version in
Fig. 1B, only linear reactor L, is
required. Power supply voltage E,
is injected to only two of the inner
group terminals (such as R’ and
S’). The saturable transformers
function as phase converters, estab-
lishing a symmetrical three-phase
system. The three line-to-line volt-
ages across inner terminals R, S,
T’ are made equal by the same volt-
age-controlling process that stabil-
izes output voltage against varia-
tions in power supply voltage.

A small voltage at the funda-
mental frequency appearing in out-
put voltage E. can practically be
eliminated by suitable adjustment
of capacitors C,, C, and C,. In the
two branches not connected directly
across the single-phase supply leads,
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phase angle must lead by 60 de-
grees in one branch and lag 60 de-
grees in the other. To obtain these
phase angles, it is necessary only to
overcorrect phase angle slightly in
one branch and undercorrect it in
the other.

CURRENT VECTORS—To derive
seven primary ampere-turns, AT,
through AT, displaced 360/7 de-
grees apart from the three 120-de-
gree displaced supply currents, sev-
eral properly rated ampere-turn
components are added or subtracted
vectorially. The relationship be-

Iy
[ 300 OHMS

0 1
180 200 220
(A) Ep IN VOLTS

‘-

Iy, Ip IN AMPS
n

N o /Ip

o 1 - N S— A 1 'l

100 120 140
(C) Ep IN VOLTS

tween the currents is shown in Fig.
2. In the phase-transforming cir-
cuit in Fig. 1A, the three currents
are used to produce seven ampere-
turns displaced 51.4 degrees apart
to excite the seven transformers.
The phase relationship between the
seven-legged star that forms the
seven-phase magnetic-flux system
and the three-phase primary-cur-
rent system is irrelevant in prin-
ciple. However, some circuit sym-
metry is desirable.

The preferred distribution of the
multiple primary windings over the
three star-connected phases is that

130
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120} N

e

[ 500 OHMS
10 /
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90 L i [l i 1 1 1
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CURRENTS (A) and output voltage (B) are shown for three-phase multi-
plier. Currents (C) and voltage (D) are shown for single-phase multiplier

with magnetic-amplifier load—Fig. 8

PRIMARY WINDING TURNS

Three Phase Single Phase

AT, + 400 X I, + 230 X In

AT, —360 X Iy + 68 X Ig 207 XIr+ 39X Ig
AT, + 311 X Is — 136 X Ir + 180 X Is — 78 X Ip
AT, — 260 X Ir 4+ 200 X Ig — 150 X I + 115 X Ig
AT, — 260 X Ir 4+ 200 X Ir =150 X Ip + 115 X Ir
AT, + 314 X Ir — 136 X Ig + 180 X Ir — 78 X Ig
AT, — 360 X Igs 4+ 68 X Ig - 207 X Is + 39 X Ig

which results in the most suitable
phase range of ampere-turns that
can be produced with the greatest
economy (least copper resistance of
primary windings) by each pair of
120-degree displaced phase cur-
rents. In the actual arrangement
corresponding to Fig. 2, circuit
symmetry is achieved by choosing
saturable transformer 1 in the axis
of current I, so that it is excited by
only one phase current. In the re-
maining six transformers, two cur-
rents contribuf®eto the exciting am-
pere turns. The number of primary
turns in transformer 1, associated
with phase current /., serves as a
reference for designing the other
units. The relationship among the
primary ampere-turns is indicated
in Fig. 1 and 2.

Series-connected secondary wind-
ings N, through N; have the same
number of turns. By selecting this
number in accordance with the ac-
tual load impedance, optimum op-
erating conditions can be obtained.
A capacitor can be connected in
series with the load to obtain ca-
pacitive compensation of the induc-
tive internal impedance of the mul-
tiplier.

WAVEFORMS — Generally, any
phase-symmetrical distribution of
n distorting elements connected to
a three-phase system of sinusoidal
supply voltage eliminates from the
three-phase input current all har-
monics of any order below 2n = 1,
This elimination of harmonics oc-
curs because of mutual cancellation
of harmonic currents in parallel-
connected branches or by mutual
cancellation of harmonic voltages
in series-connected branches. For
this reason, the series-star connec-
tion to guide the nearly sinusoidal
phase currents through the multiple
windings is essential.

Analysis of this type frequency
multiplier shows that with n series-
excited cores in symmetrical phase
sequence, only one core is taken out
of saturation at any time. Also,
at this instant, the core taken out
of saturation generates a counter
emf opposing the
values of any of the three line-to-
line voltages in its primary wind-
ings. Conversely, any one of the
three line-to-line voltages can be
considered as cut up in block sec-

instantaneous
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tions that are displaced 180/n de-
grees in phase and that vary in
height by a sine-law distribution
depending on the numbers of turns
involved.

All of these sections must be ap-
proximately rectangular so that a
counter emf is always generated in
at least one core at a time and so
that the counter emf fits into the
pattern of all three line-to-line volt-
ages at the same instant. Because
of the deviation between applied
voltage and the generated counter
emf, it also follows that ripple cur-
rents of the predominating order,
2n * 1, are generated in the three-
phase input current. With » = 7,
the resulting deviations from the
precise sine wave therefore con-
sist of the 18th and 15th harmonics.

Since the voltage waveform is
cut up into approximately rectangu-
lar blocks of the same width (180/n
degrees), the voltage per turn gen-
erated during each zero passage of
primary ampere-turns is the same
in all cores. The idealized wave-
form of the individual secondary
voltages, appearing across winding
N, through N,, corresponding to the
zero passage of primary ampere-
turns is shown in Fig. 8. The in-
dividual contributions of the seven
transformer units to square-wave
output voltage E, at frequency 7f,
is also shown.

WINDING DATA—The three-
phase design in Fig. 1A provides
up to 40 watts output power with
a 60-cps input of 180 to 220 volts.
The toroidal transformer cores are
made of 2-mil Orthonol tape in 180
wraps. Tape width is 1 inch, inside
diameter is 1.5 inches and outside
diameter is 2.5 inches. The number
of ampere-turns in the primary
windings corresponding to the vec-
tor diagram in Fig. 2 is shown in
the table.

Secondary windings N, through
N. are each made of 230 turns of
No. 25 wire. Linear reactors L,, L,
and L, have MoPermalloy powder
cores and are Arnold type A-438,-
281-2 with an inside diameter of
0.95 inch, outside diameter of 1.84
inches and are 0.71 inch high. Each
reactor has 1,000 turns of No. 26
wire (9 ohms). Nominal perme-
ability is 125 and nominal induct-
ance is 0.281 henry.
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The same toroidal transformer
cores are used in the single-phase
design in Fig. 1B, which operates
from a 60-cps input of 100 to 140
volts. The primary windings are
made of No. 18 wire, and the num-
ber of ampere-turns for the single-
phase system is also shown in the
table. The secondary windings are
again formed of 230 turns of No.
25 wire.

Linear reactor L, has two
stacked MoPermalloy powder cores
and are Arnold type A-899,142-2
with an inside diameter of 1.938
inches, outside diameter of 3.063
inches and are each 0.5 inch high.
The reactor has 600 to 1,200 turns
of No. 20 wire (2 to 4 ohms) and

WAVEFORM at top ig for resis-
tive load and below is for magnetic-
amplifier load—Fig. 4

is adjustable with taps. Nominal
permeability of these cores is 125,
and nominal inductance of the two
stacked cores with a 1,000-turn
winding is 0.284 henry.

RESULTS—The three-phase sys-
tem in Fig. 1A with the symmetri-
cal input circuit has been designed
for a nominal supply voltage of 208
volts and requires three relatively
small capacitors. The single-phase
system in Fig. 1B requires con-
siderably larger capacitors. How-
ever, this system can be used where
a three-phase, 208-volt supply is
not available. For example, this fre-
quency multiplier can be used with
small 400-cycle magnetic amplifiers
operating from single-phase, 120-
volt, 60-cycle supplies.

The satisfactory stabilization
achieved is indicated by the per-

formance characteristics obtained
in the three-phase system and
shown in Fig. 4A. The rms values
are shown of primary winding cur-
rent I, (one of the phase currents
I., I, or I;), capacitor current I,
and linear reactor current I,.. Also,
output voltage is shown across re-
sistive loads of 300, 500 and 10,000
ohms,

Similar characteristics in Fig. 4B
for the single-phase system are for
the special case of a load consisting
of two magnetic instrument ampli-
fiers connected in parallel. These
push-pull type two-stage amplifiers,
which supply a two-channel ink
recorder, present a substantially
constant inductive load of about 40
volt-amperes. In this application, a
3-microfarad capacitor was con-
nected in series with the load for
capacitive compensation of the in-
ductive impedance in the output cir-
cuit. The measured rms values
shown in Fig. 4B are primary cur-
rent Iy, input current /. through
linear reactor L, and load voltage
E., which is the 420-cps power sup-
ply voltage of the magnetic ampli-
fiers.

The output voltage waveform of
the three-phase system with a
purely resistive load of 300 ohms is
shown at the top of Fig. 5. Output
of the single-phase system with
the magnetic amplifier load is con-
siderably distorted from the rec-
tangular waveform, as shown at the
bottom of Fig. 5. However, this
distortion was found not to affect
operation of the magnetic ampli-
fiers.

A breadboard model of the single-
phase system is shown in the photo-
graph. All the components can be
contained in a portable case about
12 by 10 by 6 inches. This system,
which offers the advantages of or-
dinary constant-voltage transform-
ers such as ruggedness, reliability
and almost unlimited life, does not
require servicing.
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Four-layer diodes alone,
or with transistors

or vacuum tubes,

form a pulse-modulation
technique to produce
variable pulse lengths
at high repetition rates
with rapid rise

and fall times

VOLTAGE
i] II

VOLTAGE

TIME

SERIES-resistor modulator wuses
four-layer diodes to produce 350-v
1-ampere pulses—Fig. 1

2N1508(5) +250V
ALL RESISTORS
470K
PULSE
46200(5
PULSE 00(5)
OFF
cIRCuIT
—
OFF
TRIGGER
ON CIRCUIT
LOAD -250v

TIME

TRANSISTOR and diode modula-
tor can produce up to 5 psec pulse
width at high prf—Fig. 2

THREE NEW APPROACHES

By E. H. HECKMAN

Systems Management Department,
Westinghouse Defense Center,
Baltlmore, Maryland

PULSE MODULATION
THE NEW WAY

The three circuits covered in this
article use various combinations
of four-layer diodes, transistors
and vacuum tubes to produce
low prf pulses with any length,
high prf pulses with widths up
to 5 psec and pulses of any
length with close spacing be-
tween pulses. They can be used
to modulate a twt or in any ap-
plication where fast-rise, flat,
variable-width,  ampere-pulses
are required for repetition rates
to 300 K¢
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MANY high-power traveling wave
tubes are gridded, enabling the out-
put to be controlled by a relatively
low-power modulator. Some of these
have an over 10 Kw output, yet are
controlled by grid pulses of 500 v
with grid interception of 0.6 am-
peres or less,

The three modulators described
here can modulate two tubes in par-
allel, or may be used in other ap-
plications wherever fast-rise, flat,
variable-width, ampere-pulses are
required at repetition rates up to
300 Kc. Pulse width is variable
from 0.1 to 5 usec for all circuits,
and two circuits will produce milli-
second pulses at low prf. The cir-
cuits were designed to operate be-
tween —250 volts and +250 volts,
but may be altered to operate be-
tween other limits.

The circuits described are on-off
types in which the B+ is switched
on by a trigger to charge the in-
herent load capacitance (twt grid-
to-cathode plus strays) of up to 50
pf in less than 20 nsec. The pulse

remains flat until a second trigger
returns the load to the negative
bias, discharging circuit capac-
itance in 15 to 50 nsec, depending
upon the circuit design chosen.

Triggers required to pulse the
modulators may be obtained by dif-
ferentiating the output of a com-
mercial low-voltage pulse generator,
except in the third design where a
higher voltage is required.

SERIES RESISTOR MODULA-
TOR—A combination of four-layer
(pnpn) diodes and a series resist-
ance makes a simple modulator that
will produce an excellent pulse shape
at low repetition rates. Figure 1
shows an experimental circuit that
produces 350-v, 1-ampere pulses. A
negative trigger produces an over-
voltage on the top four-layer diode
of the ON circuit causing it to
avalanche and apply full voltage
across the rest of the load, minus
the IR drop through R,. Diode D,
in series with resistance R, paral-
leled by capacitor C, simulates the
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AUTHOR Heckman checks results of one of

the semiconductor modulator circuits

TO PULSE MODULATION

load of a twt grid for test purposes.
In the test setup, a 5687 was diode-
connected to handle the one ampere
pulses. The resistance and capac-
itance values were determined from
the characteristics listed by the twt
manufacturer to duplicate the grids
of two tubes in parallel. When the
positive spike triggers the OFF
string of four-layer diodes, the volt-
age at the lower end of R, is de-
pressed to B—. The current re-
verses in the ON string so the diodes
turn off (recover). When capacitor
C, charges, current through the OFF
circuit is limited by R, to a value
below the holding current of the
OFF string of four-layer diodes, and
they recover. Then C, discharges
through R, and the cycle is re-
peated. This circuit produces the
pulses shown at the bottom in Fig. 1.

The Shockley 4G200 diodes used
in the circuit require several micro-
seconds to recover so that C. must
be relatively large and R, must be
a high resistance to turn off diodes
that have low holding current.
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Thus, the circuit produces only one
or two hundred pulses a second. The
prf can be increased by selecting
diodes for fast response and high
holding currents and by replacing
R, and C, with an LC network. Pulse
voltage can be raised to 500 v by
using an additional diode in each
string.

TRANSISTOR AND DIODE MOD-
ULATOR—High prf may be real-
ized by replacing the series re-
sistor of Fig. 1 with transistors.
To obtain rise times faster than
the turn-on time of transistors,
four-layer diodes are again used in
series in an ON circuit (Fig. 2).
The transistors are pulsed on and
when the lower end of the string
reaches a voltage near B+, the
two ON four-layer diodes avalanche,
applying a fast rise pulse to the
load. The pulse to the transistor
bases must be maintained to hold
the transistors on. At the end of
the pulse, they turn off but con-
tinue to conduct due to internal de-

lay. At the end of the delay period,
the OFF string 