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Now you can have a universal oscilloscope with
dual trace vertical bandwidth capacity greater
than 40 MC—with no sacrifice in sensitivity. Seven
separate vertical and horizontal plug-in units give
the new (hji , 175A the greatest versatility ever offered in ageneral purpose 50 MC scope. Available
are dual-channel, single-channel and high-gain
vertical plug-ins, plus these horizontal plug-ins:
auxiliary, time mark generator, display scanner
and sweep delay generator.
The new fp developed 12 Kv CRT presents an
easy-to-measure 6x10 cm calibrated display without distortion or defocusing. The front panel astigmatism control common to other scopes is no
longer necessary. In addition, phosphor and graticule are on the same plane—thus eliminating CRT

These Plug-ins Give Utmost Versatility
to the

175A OSCILLOSCOPE:

Vertical plug-ins
1750A 40 MC Dual Channel Amplifier
(pictured in 175A opposite)
Permits viewing of two phenomena simultaneously,
bandpass dc to 40 MC, rise time 9nsec, sensitivity 50
mv ,cm. Differential input for common mode rejection.
$285.00
------

4 1752A High Gain Amplifier
Provides 5mv/cm sensitivity dc to
18 MC with differential input for
high common mode rejection.
$225.00

1753A 40 MC Single Channel
Amplifier
Bandpass dc to 40 MC, rise time 9
nsec, sensitivity 50 mv/cm. $155.00

parallax error. The front panel is engineered for the
simplest possible operation.
hp 175A features simplified circuity for more reliable performance and easy maintenance. Simple
triode circuits (6DJ8 tubes) are used in the vertical
amplifier. Complicated distributed amplifiers are
not employed. In addition, an
developed cable
delay line eliminates still more adjustments. Only 6
tube types and 5transistor types are used throughout.
The 'hp 175A Universal Oscilloscope is housed
in the new hp ,modular cabinet ... asingle instrument for both bench use and rack mount. Cover,
bottom and sides are easily removed for simple
servicing and routine maintenance. The ,
S1 175A
is as easy to service as it is to use!
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, 1783A Time Mark Generator
Permits easy time measurements
by providing intensity modulated
time markers on scope trace. Range,
10 µsec, 1psec and 0.1 psec intervals, -1=0.5%. $130.00
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SPECIFICATIONS

,p), 175A

Sweep Generator
Internal Sweep:

0.1 µsec/cm to 5sec/cm, ±3% ; vernier
extends slowest speed to 15 sec/cm

Magnification:

xl and x10

Triggering:

Internal, from vertical input signal causing 2 mm or more vertical deflection,
or from power line. External, from signal 0.5 yp-p or more

Triggering Point: On positive or negative going signal; on
external signal, level adjustable —10 to
+10 y

Horizontal Amplifier
Horizontal plug-ins
if 1780A Auxiliary Plug-In (shown in 175A opposite),
normal and single sweep, $25.00
f? 1781A Sweep Delay Generator
For detailed examination of complex signals or pulse trains. Permits viewing expanded waveform
segment while still retaining presentation of earlier portions of the
waveform. Delay time 1psec to 10
sec.; delaying sweep, 2,sec/cm to
1sec/cm. $375.00
1782A Display Scanner
Provides output to duplicate on X-Y recorder any
repetitive wave appearing on scope. Resolution with
permanent records higher than CRT or photograph.
(Available soon)

Bandpass:

DC to 500 KC

Sensitivity:

0.1 and 1v/cm

Vertical Amplifier
Bandpass:

Main amplifier, dc to more than 50 MC

General
Power
Requirements:

115/230 y ac 1
- 10%, 50-60 cps. Maximum of 425 watts, depending on plugins used

Weight:

Maximum of 70 lbs., depending on plugins used

Price:

$1,325.00
Data subject to change without notice.
Prices f.o.b. factory.

HEWLETT-PACKARD COMPANY
1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000
Sales and service representatives in all principal areas;
Europe, Hewlett-Packard S.A., Rue du Vieux Billard No. 1, Geneva;
Canada, Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal
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6x10 cm
display;
sweep time
10 nsec/cm

DUAL TRACE
FAST PULSE DISPLAY tz
New
50 MC
UNIVE RSAL OSCILLOSCOPE
Turn the page for details!

THIS
IS
THE
NEW
# 175A 50 MC Universal Oscilloscope
with hp 1750A Dual Channel Amplifier,
# 1780A Auxiliary Plug-in installed.

175A 50 MC OSCILLOSCOPE
• Bright, 6x 10 cm display with no parallax, reflections
or astigmatism
• Over 50 MC main vertical amplifier
• Dual trace, dc to 40 MC vertical plug-in
• Horizontal and vertical plug-ins for specific applications
• Easier to calibrate and maintain—no distributed amplifiers
• Positive preset syncing over entire bandwidth
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DATA-ADDRESSED MEMORY PLANE contains 81 thin-film
cryotrons interconnected in a ladder network by thin lead films.
Operation takes place in, liquid helium at approximately —452
deg F. See p 31
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JAPANESE COMPONENTS Men Stress Integrated Circuits and
Diodes. Variety of new devices produced by Japanese electronics
industry shows extent of departure from former concentration
on communications. Interest in physical properties of semiW.
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conductor materials and thin films increases
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GROUND TRACKING and Data Acquisition Networks must keep
pace with new generation of spacecraft. National Aeronautics
and Space Administration requests $158.4 million for R&D and
$35.85 million for construction of such facilities with 1963
funds. One 240-ft and four 85-ft antennas are needed
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FUSION RESEARCH: A PROGRESS REPORT. Results of first
months of operation of model C Stellarator are reported. Divertor to be installed in sir months
THIN-FILM CRYOTRONS Make a Data-Addressed Memory.
Associative memory is addressed by contents rather than by
location. Information in the input register can be compared
simultaneously with the corresponding position of every storage
location. Thin-film cryotrons are used because the memory requires a large number of components with nondestructive
readout
By V. L. Newhouse and R. E. Fruin
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INEXPENSIVE MULTIPLIER for Analog Computers. Makes use
of pulse-width and pulse-amplitude to form the product of two
input variables. An accuracy of about three percent of full
scale is achieved with a simple Miller integrator sawtooth generator. Entire circuit requires only two tubes and five crystal
diodes
By J. Ash and Y. J. Fakkinga
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MEASURING TEMPERATURE With Diodes and Transistors.

JAMES GIRDWOOD, Publisher

Relationship of transistor base bias and diode voltage drop
with temperature vary linearly over wide ranges. Principle permits design of an electronic thermometer. Circuits are given
for household indoor-outdoor, wide-range and body-temperature thermometers
By L. E. Barton
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REFERENCE POWER SUPPLY Delivers Half-Volt Increments.
Uses fixed and stepped solid-state supplies. Each channel is regulated by an individual shunt transistor and has a high-gain
differential amplifier with zener reference for sensing and
control. Binary command signals provide any desired half-volt
increment from 0 to 63.5 y with negative switching available
By M. Beebe and J. Miller

41

LOW-VOLTAGE ALARM Circuit. Consists of three branches:
a reference zener with ballast resistor, resistor voltage divider
and a transistor differential amplifier. First two branches feed
bases of the two transistors in the differential amplifier.
Application is to actuate signaling device when system battery
voltage drops below normal
By C. J. Kieffer
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REFERENCE SHEET: Design Charts for Microwave Antennas.
Nomographs relate required volume to gain and beamwidth of
microwave dish and horn antennas. Here is a quick way to find
out if an antenna will fit into the space allotted By G. J. Monser
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CROSSTALK
STAYING AHEAD. Associate Editor Michael
Tomaino is regularly the editor of ELECTRONICS'
Components and Materials Department. Next
week we publish Tomaino's special 24-page report describing electronic components used in
today's electronics industry. The report also
gives arundown of component and circuit trends,
and points up what kinds of components the
industry may be expected to use in large numbers in the future.
In 1953 the report tells us, both government
and industry began a search for new methods of
performing electronic functions simply and reliably to meet the need for radical changes in
technology to meet requirements of space applications. With constant awareness of space application needs, the electronics art has been
pushed to a midway point—one foot in the era
of solid-state physics, and one foot in the era
of improved miniature components of the types
more familiar to the electronics industry.
Tomaino has attempted to show in his report
where the search for more reliable electronic
systems has taken us, and what has been accomplished—from individual components to
functional blocks. What effect will this have
on the electronics industry? What is the role
of the circuit designer in modern electronic
systems? Can we forecast trends with reasonable accuracy by reviewing past experience?
What is the significance of the enormous effort
to "go small"? Are component makers planning
ahead? Do we have a revolution in electronics
today, or are these changes merely evolutionary ?
We have heard a lot about reliability; what
promise do these overall trends hold for more
reliable systems? Will there be big problems
ahead in developing functional blocks? Will
functional blocks replace conventional components as we know them today?
The report indicates greater activity in carving electronic circuits from the solid block than
the casual observer might realize. Doubtless,
individual resistors, capacitors and inductors
will be used in certain circuit assemblies until
doomsday; however, even these conventional
components may undergo changes to meet the
changing needs of the forthcoming integrated
circuit era.
Many component manufacturers are giving
more emphasis to research and development in
an effort to keep their share of the market; but
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those manufacturers who choose to wait and see,
before committing themselves to a full-blown
R&D program are playing a precarious game.
The axiom that one must continually forge ahead
to retain one's present standing was never more
appropriately applied than to today's components industry.
For example: one manufacturer has produced
an integrated-circuit receiver. A glass supplier
(Corning, photo) is now offering black-glass
packages for such circuits.
And the military
orders in quantity electronic equipment having
a packing density of 1Ce components per cubic
foot. Details on this sort of activity is an important part of Tomaino's report.
What, we think, the report particularly highlights are the opportunities for sudden breakthroughs, bringing unexpected developments and
considerable rewards to the developers.

Coming In Our May 11 Issue
DISTORTED. A device for measuring distortion
caused by tape flutter is described by author A.
Schulbach, of RCA. J. W. Gratian, of General Dynamics/Electronics contributes a feature article on
a time compression system using analog methods. A
trio of authors from Stanford University J. R. Fontara, R. H. Pantell, and R. G. Smith, write about the
advantages and effects of nonlinear quantum devices.
Jacob S. Zuckerbraun discusses the high reliability
scanner developed for star-tracking purposes aboard
the astronomical satellite.
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COMMENT

be possible to get three separate
signals from three receptors which
all are within one cone.

More on Photochemical Retina

SQUARE-LOOP
TAPE CORES
TO MEET YOUR
TOUGHEST
SPECIFICATIONS
Speed your specs to Dynacor
when you want square-loop tape
cores to exact requirements—fast!
Here you'll find a dependable
combination of personnel, experience and facilities—the knowhow to deliver parameters to
your very tightest tolerance requirements for switching time,
flux, and noise.
Dynacor Square-Loop Tape
Cores are manufactured with the
high permeability alloys—G rainOriented 50-50 Nickel Iron, 4-79
Molybdenum Permalloy, and
Grain-Oriented 3% Silicon Iron
...with fully guaranteed uniformity .... under rigid standards
of control and inspection.
Look to Dynacor for reliable
production and swift delivery of
your tape core requirements. For
your convenience a full line of
standard units are stocked for immediate off-the-shelf delivery—
Send for bulletins DN 2000, DN
2001, DN 2002.

SPRAGUE ELECTRIC COMPANY
35, MARSHALL ST.
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The title, Electromagnetic Retina, of the letter by A. J. Reynolds
in the March 23 issue (p 4) attracted my attention because of my
interest in the perception of color
by the eye. However, after reading
the letter, I found I couldn't tell
what Mr. Reynolds was talking
about. What possible connection can
ancient Egyptian wheat or the body
temperature of the mouse have to
do with the mechanism by which
the retina operates? Also, if he had
taken the trouble, he would have

More On Electromagnetic Retina

The reply by Frank Leary (p 4,
April 6) to my original letter (p 4,
March 23) is in itself aclassic reply
to aletter that was deliberately provocative. In essence it says: "The
man's views are unconventional,
therefore, he must be some sort of
nut. Q.E.D."
First. Idid not say there was no
such thing as a photochemical, I
said that the mechanics of color
vision can be explained electromagnetically.
found that the size of the cone, far
Second. It is a straightforward
from being compatible with his
(although expensive) matter to
theory of being a quarter-wave
construct a working model of the
stub, is actually of the order of 100
eye using the electromagnetic apwavelengths long.
proach. This model can be made in
You may be interested in the enany part of the EM spectrum, and
closed copy of my paper, Theory on
the system performance could apthe Receptor Mechanism in Color
proach that of the eye. The only
Vision, which was published in the
concession asked for is that it be
Journal of the Optical Society of
agreed that white light is "white
America, in October 1960. In it I noise" and that a broad-band noise
propose a theory that requires only
generator may be used as the "light
one, but may have more, photosource." The output from this model
chemicals. There has been considercould be processed by a computer,
able interest among ophthalmoloso that it is conceivable that the
gists in this theory, although it is
computer could use such an "eye"
hard for most of them to underas asource of information on which
stand even the explanation in the
to base decisions. Note that the only
paper, which most electronic engireason this model must be in the
neers would find over-simplified.
microwave region rather than in
the visible light band is the mechanical difficulty of working with
ALFRED C.SCHROEDER
physical pieces of the correct size.
RCA Laboratories
Is the photochemical school in a
Princeton, New Jersey
position to demonstrate such a device?
The abstract of reader SchroeMr. Leary, concentrating on
der's paper:
photochemicals, failed to remark on
A theory is proposed to account
some other, equally outrageous, sugfor the color discrimination in the
gestions. Contrary to the allegation,
eye which does not require three
there is a close chain of reasoning
different kinds of photochemicals or
behind these statements and one
three different kinds of cones. Color
which ties many diverse phenomena
discrimination is accomplished by
into a coherent system.
at least three identical receptors
A good case can be made for aspositioned at appropriate positions
suming that all living molecules exalong the outer segment of each
tract power directly from the eleccone. Some examples of color
tromagnetic spectrum to perform
matching diagrams that can be obtheir functions and that they do so
tained with this theory are comon a frequency-selective basis.
pared with the CIE [Commission
Internationale d'Eclairage, which
A. J. REYNOLDS
previously was ICI, International
Babylon, New York
Commission on Illumination] color
matching diagram. Some comments
That last paragraph proposes a
are made indicating how it might
remarkable theory. Any takers?
electronics

TUNG-SOL
SERVICE-DESIGNED
SERIES REGULATOR TUBES
I=1 FROM 14 WATTS TO 100 WATTS

D FROM 100 MILLIAMPS TO 1AMP
Designed and developed expressly for use as passing tubes
in series regulated power supplies (not adaptations of other
tube types). Each of these mechanically rugged devices exhibits minimum tube drop when run "wide open", thereby assuring peak-efficiency operation. High current capability per
tube plus avariety of power levels makes paralleling of tubes
unnecessary. In addition, these series regulators possess the
important advantage of requiring little grid-voltage swing to
control current. All feature zirconium coated graphite anodes
which, while lighter than similar metal anodes, remain warpfree and provide one of the best known methods of gas gettering. Use of hard glass envelopes permit the tubes to be
outgassed at high temperatures during the exhaust process.
This allows the tubes to be operated at very high temperatures
without internally generating harmful gas. Gold-plated molybdenum wires are used in the rugged grid structures. Flexible
metal vibration snubbers support the tube mount on its rugged
button stem to insure maximum shock and vibration resistance.
Stringent environmental and life tests guarantee reliable, long,
trouble-free tube life.
Pictured are a family of medium Mu (is=-9), 6.3 volt heater,
high environmental regulators. Also available are low Mu tubes,
various heater voltage versions, and lower cost commercial,
counterparts.
TYPICAL VALUES FOR REGULATOR SERVICE PER TUBE

Type

Total Plate Current
(Milliamperes)

Range of Tube Minimum Tube Grid Voltage
Swing
Drop
Voltage Drop
(Volts)
(Volts)
(Volts)

75
50

110
180

80
60

15
25

7802WB

200
loo

65
220

60
40

8
35

6528

400
200

65
225

70
45

10
35

7242

600
250

80
335

70
40

13
45

8193

POWER DISSIPATION CHART OF TUBE TYPES
Total Plate Dissipation

14W

26 to 30W

60W

100W

Low Mu

6877

6AS7G
6080WB

6336A

7241

Medium Mu

8193

7802WB

6528

7242

Write for new series regulator portfolio. Complete technical
information about all Tung-Sol series regulator tubes—the
most supplied by any manufacturer—is contained in this
handy reference kit. It's yours upon request. Just write:
Tung-Sol Electric Inc., Newark 4, N. J. TWX:NK193. Sales
Offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.;
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, N. J.;
Melrose Park, Ill.; Newark, N. J.; Seattle, Wash. CANADA:
Abbey Electronics, Toronto, Ont.

TUNG-SOL:
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New broad range!

TEST TRANSISTOR
BETA
IN THE CIRCUIT

aeA

e-E

Si2-71A

PreveseroR Trs9
MOOEL

VS/

E

A

/`

RED Ltr

No leads to unsolder
Four overlapping Beta Ranges • High meter resolution
Direct reading with test circuit power off

SPECIFICATIONS

New Sierra 219B 4-range Transisto - Tester reads Be:a directly in the
circuit; also measures lc Beta ou: of circLit.

Test ranges

Less downtime and less dan2er of damage to trans stors under test
with this new Sie-ra instru -nant—battery-opera:ed, light weight, portable, easy to use

Accuracy
In circuit:

Maintenance, quality control incoming inspection and production
testing are just a few pf the applications where 0_1 save time and
money by testing transistors, even complete assemblies, without unsoldering leads. Model 2193 reads Beta in the circuit, 1to 120. ico
is measured on a stra ghtforward basis; collector potentials of 3, 6
or 12 vdc may be select .xl Al Icommis are on :he front panel ... an
instrument of convenierce, speed, accuracy.

Beta

a

SIERRA

ELECTRONIC

+20% for external loads over
530 ohms.
Improved accuracy above
500 ohms, usable readings
below 500 ohms.

Out of circuit:
Power:

Operating
Temperature:
Size:

Internal battery, mercury or
zinc-carbon type, 600 hrs. ay.
life; output indicated on
front-panel meter.
32 to 149' F
9" high, 7sià" wide, 61/
2"
deep, weight, 7.01/
4 lb.,
including batteries.

Price: $275.00
*Beta readings to 300 may be
app ,oximated.

Write or phone today for :nb^:latior and demnnsfrat.bn.

si

30 -12D*

1-4, 3-12, 10-40,

i
co : 0-50, 0-500 ua

CORPORATION

A Division of Phi/co Corporation—A Subsidiary of (>27-71,0-7:-'64
9 171VICH94

6919A BOHANNON DRIVE • DAveriport 6-2060 • MENLO PARK, CALIF., U.S.A.
6919
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ELECTRONICS NEWSLETTER
Superconducting Pumps Raise Magnetic Fields
WASHINGTON—Techniques for multiplying the strength of magnetic fields in superconducting niobium alloy devices were independently reported last week at the American Physical Society
meeting by scientists from Jet Propulsion Laboratory and General
Electric.
Both told how blocks of niobium
are prepared with two adjacent
holes. A field is set up through both
holes. Then, a rod inserted in one
hole forces all the field into the
other hole. When the hole blocked
is several times larger than the unblocked hole, the strength of the
trapped field is multiplied. Fields
up to 25 kilogauss can be obtained
in this way.
JPL reportedly raised a 200gauss field to 3.6 kilogauss by acually pumping the flux. The niobium block was fitted with two
valves to control the flow of magnetic flux. These were operated
over 25 10-sec cycles to attain 3.6
kilogauss, the critical field of
niobium.
Both JPL and GE think that
fields up to 100 kilogauss can be obtained; JPL said pumps would have
to be larger and be made of materials with higher critical fields.
According to GE, some unexplained
phenomena will have to be understood first.
Such large, heatless (devices are
cryogenically cooled), low-powerconsumption fields could be used for
radiation shielding in space, thermonuclear plasma containment, plasma
propulsion engines, improving resolution of electron microscopes and
a variety of scientific purposes.

Looks Like Conelrad
Is on Its Way Out
are being
developed in the Conelrad system
to "insure more effective presidential and civilian defense communications with the public in the
event of a national emergency,"
FCC and the Department of Defense said last week.
The two agencies acknowledged
what critics of Conelrad have been
saying for years: combining all
radio broadcasts into two freWASHINGTON—Changes
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quencies (640 and 1,240 Kc) won't
prevent enemy bombers from homing because better aerial navigation methods now exist. One major
criticism was that switching local
stations from assigned frequencies
to a Conelrad frequency would confuse uninformed listeners.
For the time being, however, existing rules remain in effect, the
agencies said. Broadcasters were
cautioned "not to expect the disappearance of all emergency condition controls. Some restriction on
electromagnetic radiation will still
be required to insure effective civil
and defense communications."

Proton Maser Is Tunable,
Gives Continuous Output
Company reports
that it has achieved c-w amplification with a room-temperature proton maser. At 15 Mc, with an input
signal of 3x10 watt, it gave 20-db
gain and bandwidth of 100 cps.
The amplifier is tunable from 2
BOSTON—National

Tv Oneupmanship
TOKYO—Mitsubishi Electric now
claims the title of producer of
the world's smallest tv set.
Like the 5-in. Sony set reported last week, it operates on
a-c or battery power. But it
weighs 6 lb-2 lb lighter— and
has a 6-in. screen. Mitsubishi
says the smaller size is made possible by anew kind of tuner.
Mitsubishi plans to place the
set on the U. S. market this fall.
Domestic price is about $140.
Export price has not been announced

Kc to hundreds of megacycles, depending on field strength. The developers, Alexander Ganssen, Eugene La Vier and Earl Sloan, III,
say they are also interested in
stable oscillator application because
of the maser's high spectral purity.
An oscillator could have alinewidth
of 1part in 10".
Work on proton masers was begun in 1957 by French researchers.
A two-level device, it takes advantage of the Overhauser effects
in low-viscous liquids, to obtain excess population of upper energy
levels. National uses tetrachlorosemiquinone, amagnetic field of 3.5
kilogauss, and supplies pump power
at 9Gc with aklystron.
At low-frequency, the maser
might be used as an earth-field magnetometer. Atmospheric and galactic noise may restrict r-f applications, but it would be useful for
research.

U. S. and USSR Draft a
Weather Satellite Pact
draft compact for
U. S.-Soviet cooperation in meteorology—including satellites—was revealed at a 20-nation conference
held here late last month as part of
the planning for the International
Year of the Quiet Sun. The draft
was drawn up at Geneva under auspices of the World Meteorological
Organization.
The Washington meeting was one
of aseries aimed at intensifying international cooperation in satelliteassisted meteorological surveys and
solar surveys.
Soviet delegates acknowledged
that they have much to learn about
satellite meteorology from the U. S.
and confirmed the meteorological
purpose of the current Soviet satellite series, which still lack cameras
(Cosmos 3and 4were launched last
week, but the Moscow announcements omitted equipment details).

WASHINGTON—A

Japanese EIA Against
Radio Price-Cutting
ToKY—Japanese Electronic Industries Association has advised its
members not to cut prices for sixtransistor radios despite price cuts
by U. S. manufacturers. JEIA
acted after the New York branch
7

of the Japan External Trade Organization (an influential government-sponsored agency) said price
drops in the U. S. were a "passing

stitutions and launched by NASA,
it is England's first space traveler.

pathetic phenomenon." JETRO said
the cuts could mean U. S. manufac-

Broadband Light Pumps

turers were cleaning up inventory,
stopgapping Japanese imports or
using trade strategy so they could
buy Japanese radios at reduced
prices in the future.

Vapor Deposition Forms
Transistors and Diodes
this week announced a series of thin-film processing developments, including techniques for
forming diodes and transistors
from silicon vapor. The techniques
are all still being studied at the
company's microelectronics lab in
Waltham, Mass.
SYLVANIA

A number of large-junction-area
diodes and transistors have been
formed. Objective is methods of
forming active and passive elements on the same ceramic wafer.
Other developments include methods of amplifying currents with ceramics; high-resistivity and highcapacitance films; glass coating for
ceramic wafers to reduce circuit
size by improving definition.
Sylvania also reported that it is
in pilot production of thin-film circuits for military applications. A
variety of computer, amplifier and
oscillator circuits, in frequencies up
to 152 Mc, are being made.

Last Week's Satellite
Score: 1.5 Successes
4 failed to send
back data and photos from the
moon, the mission was at least a
half-success, reports from Jet Propulsion Laboratory and its contractors indicate.
The launch was a good one,
ground support and initial guidance
gear worked well. The unguided
spacecraft hit the moon, a feat several earlier U. S. probes- were unable to accomplish. The transmitter in the small lunar landing capsule operated and was used to track
the craft to impact.
The first international scientific
satellite (p 32, April 20) had better
luck. It went into orbit as planned.
Instrumented by several British inALTHOUGH RANGER

8

In Brief...
airlines flying the
Pacific to expect nuclear weapons
tests to affect aircraft navigation
and communications. Planes will
be grounded temporarily.

FAA HAS WARNED

Calcium Fluoride Laser
DEVELOPMENT of a laser triggered
by broadband light—in the visible,
infrared and ultraviolet spectra—
was announced last week by RCA:
The company said the crystal used

techniques are
being developed by Electro-Optical Systems under Air Force contracts for design of c-w oscil-

LASER SURVEILLANCE

"reduces by 10 times the amount of
energy required by present types"
to produce infrared beams.

lators, amplifiers and oscillators,
and variable attenuator, phase
shifter and power divider operat-

It should soon be possible, the
company indicated, to achieve continuous infrared emission from the
crystal by using mercury or tungsten lamps to activate it. At pres-

ing at 0.5 to 0.8 micron.

ent, it operates with a pulse duration of several milliseconds.
The crystal is calcium fluoride
doped with divalent dysprosium. It
emits radiation at 2.36 microns
when pumped by energies from 1to
0.3 micron. Energy input and output were not specified.

Rocket Failure Thwarts
Reentry Reception Test
BOSTON—Rocket failure sets back
for another year an Air Force ex-

periment to test communications
and telemetry through a reentry
plasma sheath. The second stage of
a Blue Scout failed to ignite and
the vehicle landed in the ocean. Another try will be made next spring,
Air Force Cambridge Research
Labs said.
Five microwave transmitters and
two receivers will serve as test
sources, radiation receptors, radar
beacons and telemetry components.
They will span a frequency range
from L band to X band and transmit modulated c-w and pulsed signals.

Road Gets Its Own
Broadcasting System
NORTHERN INDIANA

toll road is in-

stalling a radio system that will
give motorists music, news, weather
and safety information over car
radios. Reception limit will be 150
ft from the highway.

firm of Kongsberge Vapenfabrikk will be prime contractor for NATO production of
Martin's Bullpup missile. Components will be bought from U. S.
only until European suppliers can
qualify parts to meet specs.

NORWEGIAN

will use Hughes Aircraft's Taran-1 radar and fire
control system in Mirage-III-S
aircraft. The plan es carry
Hughes' radar-guided HM-55-S
missiles.

SWITZERLAND

INSTRUMENT has won a
Navy contract to develop oceanographic instrumentation and to
conduct underwater studies for
the Polaris program.

GENERAL

has new Polaris
contracts of $11.1 million, bringing fiscal year total to $40 million. New orders are mostly for
navigation equipment for the
20th to 29th subs.

SPERRY GYROSCOPE

share
in Air Force airborne command
post program rises to $15 million
with $2 million contract for radio relays to go in B-47s.

ELECTRONIC COMMUNICATIONS'

has awarded contracts of $1.9
million and $1 million, respectively, to RCA and Epsco for
ground checkout systems. RCA
will supply computer system for
Saturn program, Epsco an edp
system to check out various satellites.

NASA

countries are considering a 6,000-mile submarine cable
communications system. The Japanese Ministry of Posts and Telecommunications estimates cost at
$85 million.

NINE ASIAN
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New Nanosecond*

NEW

Pulse Transformers

in counting

for Ultra-miniature,

techniques!

Ultra-high Speed
Applications

YOU CAN TEST
ELECTROLYTIC
CAPACITORS

Digital circuit designers will find

able interest. These tiny transformers
have been carefully designed for the
all-important parameter of minimum

Safely .... Accurately... Simply!
The Sprague Model 1W1 Capacitance
Bridge incorporates the best features
of bridges used for many years in
Sprague's own laboratories and production facilities. Unlike many conventional bridges, the 1W1 will not
cause degradation or failure in capacitors during test, since the 120
cycle a-c voltage applied to capacitors never exceeds 0.5 volt!

The new Type 43Z series is comprised of a broad line of 72 pulse
transformers in 10 popular turns ra-

Capacitance
Range: 0to 12C.000e at 120 cps
Accuracy: ±(1% of reading +10F)
Sensitivity: ±(0.1% of reading +10eruF)
Dissipation Factor
Range: 0to 12C% at 120 cps
Accuracy: ±(2% of reading +0.1% DF)
Sensitivity: ±(0.2% of reading +0.05% DF)
Maximum Voltage to Unknown
A-C: 0.5v RMS at 120 cps
D-C: 0-600v (external)
Null Detection
Built-in Galvanometer to
Indicate Bridge Balance
Power Input
105-125v, 60 cps, 15w
(Also available in 115v and 230v, 50 cps models)
Case
Sturdy Aluminum Cabinet with
Blue Textured Finish. Grey Panel
Dimensions
12" Wide n12" High o9" Deep

For complete technical data, write
for Engineering Bulletin 90,010 to
Technical Literature Section, Sprague
Electric Company,
35 Marshall St.,
North Adams, Massachusetts.

SPRAGUE®

THE MARK OF RELIABILITY

core-transistor

the new Sprague Type 43Z Nanosecond Pulse Transformers of consider-

rise time at high repetition rates up
to 10 mc.

SPECIFICATIONS

Sprague type 73Z1

tios. They are Sprague's latest addition
to the most complete listing of pulse
transformers offered by any manufacturer for use in digital computers and
other low-level electronic circuitry.
Type 43Z Pulse Transformers are designed so that the product of leakage
inductance and distributed capacitance
is at aminimum. They are particularly
well suited for transformer coupling
in transistor circuits since transformers and transistors are very compatible
low impedance devices. Nanosecond
transformers are equally suitable for
transmission line mode of operation,
in twisted-pair transmission line coupling, and in regenerative circuits.
The epoxy-encapsulated "pancake"
package is excellent for both etched
wire board or conventional chassis
mounting. To simplify etched-board
design, these ultra-miniature pulse
transformers are available with leads
terminating at the side or the bottom
of each unit.

DECADE
COUNTERS
Here is asimple yet versatile, low-cost
yet reliable component for counter applications. Counting to speeds of 10 kc,
the 73Z1 decade counter provides an
output signal for every 10 input pulses,
then resets in preparation for the next
cycle. For higher counting, two or more
counters may be cascaded. Typical characteristics are shown below.
CHARACTERISTIC
Amplitude
Pulse Width
Impedance

INPUT
1.5 to 8 volts

OUTPUT
6.5 volts

1µsec min.

35 µsec

100 ohms

20 ohms

Utilizing two rectangular hysteresis
loop magnetic cores and two junction
transistors to perform the counting operation, the 73Z1 counter is encapsulated
in epoxy resin for protection against
,
adverse environmental conditions. It has
five terminals —B+ (12v ±10%), input, output, ground, and manual reset.
The 73Z1 counter is available as a
standard item. However, "customer
engineered" designs can be supplied
when other counting cycles, speeds, and
package configurations are required for
special applications.
For complete technical data or application assistance on the 73Z1 counter or other
Sprague components, write to Special
Products Division, Sprague Electric Co.,
35 Marshall St., North Adams, Mass.

For complete technical information
on Type 43Z Nanosecond Pulse
Transformers, write for Engineering

SPRAGUE®

Data Sheet 40235 to Technical Literature Section, Sprague Electric Co.,
35 Marshall St., North Adams, Mass.

THE MARK OF RELIABILITY
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The Future of Your Business
MAY DEPEND UPON HIS EDUCATION
The young mind which today discovers an old
principle may someday reveal anew one capable
of revolutionizing your business and creating
undreamed of growth. But this is possible only
if he gets the finest education we can offer.
By the time today's youngsters are ready for
college, business and industrial technology will
be even more complicated and will require many
more trained specialists. To fill this order we
must provide our young people with the best
possible college educations.

Unfortunately many colleges are already overcrowded. In ten years applications are expected
to double. We will need more and better college
classrooms and libraries, more efficient college
laboratories, and additional top-quality professors. You can help assure your own future by
helping the college of your choice.
If you want to know what the college crisis means to you,
write for a free booklet, "OPEN WIDE THE COLLEGE
DOOR,"

to

Higher Education,

Box 36, Times Square

Station, New York 36, N.Y.

Published as apublic service
in cooperation with The Advertising Council and
the Council for Financial Aid to Education

HIGHER

EDUCATION

4111.•m1B
KEEP IT BRIGHT

10
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ANew Performance Dimension in Digital Frequency Meters
Already recognized as having the broadest range ever offered at its low price, the Model 8175 110 Mc Digital
Frequency Meter now provides an added performance dimension: the legibility of ELectroluminescent
readout. Displayed in-line and in the same plane, EL digits are easily read from extreme angles. EL's
glareless, even illumination and automatic display of decimal point and Mc assure greater accuracy by
minimizing human error.
Broad range (10 cps to 110 Mc) and readability are only two important advantages of the Model 8175. Accuracy of 0.00004% or better from 1 Mc to 110 Mc exceeds FCC requirements. Frequencies are measured
with a flick of a switch — no "tuning." With this simplified operation, a measurement can be accurately
made in about 15 seconds, even by personnel with limited technical experience.
Occupying only 83
/
4"of vertical space in a 19" rack, Model 8175 is small and light enough to be moved about
easily when used on the bench. Price is just $2095. Write for Technical Product Bulletin 8175/7175, which
also describes the Model 7175 with decade-columnar readout for $1895.

Beckman ®INSTRUMENTS

INC.

BERKELEY DIVISION
RICHMOND, CALIFORNIA
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WASHINGTON OUTLOOK

INDUSTRY
FIGHTS
OVERSEAS
TAX

SHANK
GETS NEW
FAA POST

SURVEY
SAYS FCC
LAGS

THE ELECTRONICS INDUSTRY has gotten deep into the battle
against the administration's tax proposals to tighten up the taxation of
profits of overseas subsidiaries of U. S. manufacturers.
Harold S. Geneen, of ITT, told the Senate Finance Committee that
adoption of the bill would not produce any substantial new revenues,
and would make U. S. subsidiaries noncompetitive with their foreign
firms in the same markets.
Electronics Industries Association, representing the views of such
firms as GE, RCA, Philco, Motorola and others, told the committee the
bill would hurt foreign trade, causing many companies to slow down
planned expansion of foreign trade activity. Hewlett Packard will, also,
submit areport to the committee.
Without naming names, the EIA spokesman, David Flower, Jr., of
Raytheon, gave several examples of specific electibnics industry cases
involving England and other European countries
show how the new
bill would hamper operations and expansion.
Hearings of the Senate Committee were to end May 3, after which
it would go into executive session to write amendments to the bill the
House passed.
The guessing is, that the Senate will pass the tax bill in one form or
another, but a great many compromises and deals will be made before
ameasure is finally sent to the White House.

e

AN ELECTRONICS EXPERT is taking over the job of managing development of a new air traffic control system for the Federal
Aviation Agency. Administrator Najeeb E. Halaby selected Robert J.
Shank, president of American Systems, Inc., for the job. Applying the
systems concept already used by the Air Force, Shank will be in charge
of research, design, engineering procurement, installation and maintenance of the future traffic control system—responsibilities that have
been divided among anumber of separate officials.

FEDERAL REGULATION is failing to keep pace with the galloping technology of communications. This is the finding of a survey of
the Federal Communications Commission by Booz-Allen and Hamilton,
made at the request of the Bureau of the Budget.
The FCC will be enlarged, given improved equipment, and provided
better personnel in key positions, if Congress heeds the advice of the
management consultants.
Rate regulation of such common carrier communications companies
as American Telephone and Telegraph and Western Union is found lacking in depth and scope and completely inadequate for the protection
of the public interest. Under present conditions, the FCC is said to be
unable to cope with the problem of regulating the rates of such a vast
enterprise as AT&T.
The consultants include akind word for Chairman Newton N. Minow,
and express confidence that his "positive leadership" will help move the
agency in the right directions. But the report urged broader executive
powers for the FCC chairman, astep that Congress already has refused
to take.
electronics
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1
2 nanoseconds/cm:
impossible to photograph until now
Polaroid has anew film that is
so fast, it will reproduce scope
traces that are almost invisible
to the naked eye. The one above,
a scintillation pulse, has never
been photographed until now.
Pulse duration was ten nanoseconds. Scope sweep speed was 2
nanoseconds/cm. The new 10,000speed Polaroid PolaScope Land
film produced a finished usable
print ten seconds after exposure.
The maximum writing speed
of the 10,000-speed film is about
twice that of the Polaroid Land

:1000-speed film, which is currently the standard for high
speed photography. The new film
not only gets "impossible" pictures, it also produces far better
shots of slower pulses and steady
state waveforms. Because of its
high speed, less light is required;
camera aperture and scope intensity can be reduced considerably,
producing sharper pictures.
And besides oscillography, the
PolaScope film opens up new possibilities in applications where
light is at apremium, such as pho-

tomicrography and metallography. It is not suited, however, for
pictorial work clue to its high contrast and relatively coarse grain.
PolaScope film (designated
Type 410) is packed twelve rolls
to a carton. The price is actually
lower than the 3000-speed film.
The film can be obtained
through industrial photographic
dealers. For the name of the
dealer nearest you, write to
Technical Sales Department,
Polaroid Corporation, Cambridge
39, Massachusetts.

New Polaroid Land 10,000-speed film for oscillography.
May

4,
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BUDELMAN ELECTRONICS CORPORATION

FLEXIBLE

375 Fairfield Ave.

A SUBSIDIARY OF
GENERAL

COUPLINGS

RAILWAY SIGNAL CO.

Stamford, Conn.

• Because Budelman equipment performs better,
costs less to buy and maintain.
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are indispensable for
reliable power and

NEw

motion transmission.

Designed especially to meet critical
operating requirements, Thomas

HIGH SPEED

TAPE PERFORATOR

Flexible Couplings offer many
important advantages plus long life,
reliability and a wide range of styles
and sizes to meet the particular
requirements of your application.
Special materials may be specified
where high temperatures, corrosive

MI SPEEDS UP TO 60 CPS

atmospheres or other unusual con-

•

ditions exist. For detailed information

I. 5 TO 8 CODE CHANNELS

write for Engineering Catalog 60.

•

NON•SYNCHRONOUS DRIVE

11111 PAPER OR MYLAR TAPE
VARIABLE TAPE WIDTH UP TO 1"
COMPACT DESIGN

10 1
2 " x 19"
/

PRECISE HOLE SPACING
HARMONIC TAPE ADVANCE

Newly designed for recording
digital data in punched tape
from computer output, data
logging systems, machine control systems, automatic test
and simulation systems, data
transmission systems, and keyboard or other manual systems.

Write today for complete detailed information.

THOMAS

\..f_LEXIII.E COUPLINGS
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THOMAS FLEXIBLE COUPLING CO.
A Subsidiary of Koppers Company, Inc.

INSTRUMENTS INC.
7617 HAYVENHURST AVENUE • VAN NUYS.CALIFORNIA

WARREN, PENNSYLVANIA, U S A
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ASSEMBLE IT TODAY
SELL IT TOMORROW

ANYWHERE IN THE U*S*A
WITH

Swift shipment of sub-assemblies from where they are to the place they're needed is sure .. .when you specify
"Via AIR EXPRESS" ... the only air shipping service with priority on all 36 scheduled U.S. Airlines. 13,000 R E A
Express trucks provide pick-up and delivery throughout the U.S.. Puerto Rico and Canada. The cost is far less
than you think. 10 lbs. fly 1,000 miles for only $5.06. Door-to-door service, overnight, can eliminate costly warehousing and handling. Specify AIR EXPRESS always—for shipping or receiving. It's as near as your telephone.
CALL
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Saturn openings at Boeing for
STRUCTURAL AND ELECTRONIC/ ELECTRICAL ENGINEERS
Boeing has been awarded primary developmental, building and test
responsibility for the Saturn S-IC advanced first stage booster. The
Aero-Space Division's newly- formed Saturn Booster Branch has
anumber of immediate, long-range openings offering professional
challenge, rapid advancement and ground.
floor opportunities to graduate structural
and electronic/electrical engineers.
STRUCTURAL engineering openings require
knowledge of acceleration loads, high
heating rates, extreme differential temperatures, material oxidation and structural
dynamics as applied to the design, development and construction of large booster
systems.

-tern:, and packaging techniques as related to the specific
ne, IIIIrements of booster systems.
Salaries are commensurate with all levels of education and experience. Minimum requirements are aB.S. degree in any applicable
scientific discipline. Boeing pays liberal
travel and moving allowances to newlyhired engineers. Permanent assignment
will be in New Orleans, with initial temporary assignment at Huntsville, Ala.
Positions with Saturn and with other
expanding missile and space programs at
Boeing—including the solid-fuel Minuteman ICBM and Dyna-Soar boost-glide
vehicle—are also available at Seattle, Cape
Canaveral and Vandenberg AFB, Calif.

ELECTRONIC/ ELECTRICAL engineering assignments are available in many areas.
including the design and development ol
monitoring, instrumentation, control and
functional checkout circuitry; electronic

Send your resume, today, to Mr. R. R. Gregg,
The Boeing CompanY, P. 0. Box 26088ECH, New Orleans :?.6. Louisiana. Boeing
is an equal opportunity employer.

17151E10511
Divisions: Military Aircraft Systems

-4—CIRCLE
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Japanese Components Men Stress
By CHARLES COHEN
McGraw-11111 World News

TOKYO—Integrated devices and diodes were featured at the semiconductor sessions during the annual
convention of Japan's four electrical societies last month.
Semiconductor sessions of previous conventions have been dominated by high-frequency transistors, but a surplus of h-f transistor
production capacity has decreased
interest in this area. Also, the
Japanese electronics industry,
which was almost wholly communications-oriented, is diversifying.
Kunio Tada, of Tokyo Univer-

sity, introduced asolid-state module
for dctl (direct-coupled transistorlogic) circuits. Six mesa transistors are formed at one end of an
n-type silicon bar and their emitters connected together. The output
connection is made to a plate soldered to the lower surface of a bar
under the transistors. The power
supply is connected to the far end
of the bar, which acts as load resistance. Inputs are applied to individual bases, for AND or OR circuits (lower right).
The voltage margin is equal to
that of circuits using germanium
microalloy transistors. Storage in
collector region, which is the main
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Rugged, screw-like design of helical
antenna enables it to withstand
typhoons
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screw antenna (A). Conductor is
encased in plastic. Dimensions of
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Whisker diodes are dwarfed by standard-sized commercial diode (photo).
Performance and structure of whisker diode developed for O to 11-Gc
resonant and twt amplifiers
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Several mesa transistors are formed on silicon bar for dctl logic circuits.
Here, five of six transistors are connected. Emitters are connected; base
inputs vary according to circuit needs
electronics

Integrated Circuits and Diodes
cause of propagation delay, has
been reduced to 0.5 esec by gold
diffusion.
Epitaxial
techniques
might reduce it further. Delay time
is 0.5 ¿sec for two storages.
Negative resistance device for
generating sawtooth waves has
been developed by a group at Nippon Electric Co.; pnpn devices for
this purpose require high-power
supply voltages (making microminiaturization difficult) and have
low output voltage. The new device
consists of an npn transistor having high forward and reverse current gains, fabricated by epitaxial
techniques on an n silicon wafer.
Negative resistance appears at
the approximately 8-v breakdown
voltage of the collector junction. An
approximately 7.4-v sawtooth output is obtained with 10-v power.
A magnetic-type stepping diode
that can be used to perform most
functions, except display, of gasfilled counters was developed by
Koichi Omura, of Osaka University. Parallel double-base diodes
are formed on single piece of semiconductor by making a series of
junctions in a circle on a round
wafer. Base connections are made
at the rim and in the center.
Modulation of diode characteristics by holes injected from a
neighboring diode effects current
transfer.
A perpendicular magnetic
field
provides
directional
characteristics. In use, the bias supply is connected between bases and
stepping is obtained by applying
180-deg out-of-phase pulses simultaneously to alternate junctions
which have been connected.
Variable capacitance silicon diodes were fabricated with an alloydiffusion process by Tokuzo Sukegawa, of Tohoku University. Reproducibility is excellent, making
for small shrinkage during production. Control of slope of impurity
distribution (drift field) is simple;
the wafer is easy-to-etch p-type
silicon, so a thin base region is
easily obtained. Lead connection
directly to the wafer makes for low
base resistance.
Interest in physical properties of
semiconductor materials and thin
May
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films was also greater than previously. Papers on effects of illumination on semiconductor materials
and devices were numerous.
The silver-bonded diode attracted
attention at the microwave session.
Applications
included
frequency
multipliers, modulators and microwave switches.
Silver-bonded diode with whisker
length of 0.6 to 0.7 mm and diameter of 45 microns was developed at
Electrical Communications Laboratory (ECL) of Nippon Telegraph
and Telephone. Subminiature size
minimizes series inductance, spacing between diodes and discontinuities introduced into microwave circuits (upper right).
Measured series inductance is
0.49 nh, capacitance at —3 y is
0.127 pf, at 0 y 0.246 pf. at +3
volts 0.85 pf. Rectification ratio
measured at plus and minus 1 y is

more than 100,000.
Sumitomo Electric Industries Co.
reported on an unusual antenna for
NHK's experimental station at Hitachi. Looking like a screw, it is a
horizontally polarized helix (left).
The radiator conductor is completely enclosed in a helical reinforced plastic insulator attached to
the center pole. This construction
is said to reduce cost and improve
strength.
The antenna consists of four elements. Each has 10 turns, five
spiraling in one direction and five
in the other direction. Identical
lengths of AX-20D coax feed to the
center of each section. Length of
each of the conductors is three
wavelengths.
At 704 to 710 Mc, the antenna is
horizontally nondirectional within
2 db, vertical gain is 13 db and
beam tilt is 0.5 deg.

Japan Plans Tv Satellite
For 1964 Olympic Games
JAPANESE SCIENTISTS hope to provide world-wide tv coverage of the
1964 Olympic games in Tokyo by
three, or possibly four, active repeater satellites in synchronous orbits.
The satellites will be boosted into
orbit by either a U. S. Scout or
Thor-Delta rocket. Hovering positions will be over the equator at 170
deg W lat, 70 deg E lat, and 50 deg
W lat. Choice of launch vehicles and
hovering positions will be left up
to the National Aeronautics and
Space Administration.
Nippon Electric Company
(NEC), now engaged in research
on the project, proposes a 1051 lb
cylindrical craft, 66 cm in diameter
and 49 cm high, equipped with four
solar cell panels (6,889 sq cm each),
and three antennas.
Mitsubishi
Electric will build telemetry gear
and Mitsubishi Shipbuilding & Engineering, an automatic position
control system.

Active repeater tv satellites in research stage at Nippon Electric
Company to hover over points along
equator at 22,380 mi
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MAJOR DEMANDS ON
NASA'S TRACKING 8 DATA ACQUISITION SYSTEMS
CALENDAR YEAR
1962

MANNED FLIGHTS
MERCURY

I

963

1964

DEEP SPACE ANTENNA SYSTEM CAPABILITIES
1971
1969

5

1DAY FLIGHT

2

GEMINI

4

APOLLO
6

2

1967

APOLLO

VOYAGER
1965

SATELLITES

DEEP

SCIENTIFIC

12

8

16

20

APPLICATIONS

II

9

8

8

1963

4

4

8

1961

6

4

28

40

42

- SPACE

FUTURE MISSIONS

1965

3

PLANETARY

I

2
TOTALS

ESTIMATED PERFORMANCE
240-FOOT ANTENNA

SURVEYOR
MARINER R

MISSIONS

LUNAR

MARINER 13

35

.
"
----MAXIMUM

PERFORMANCE
85-FOOT ANTENNA

RANGER
CAPABILITY
FACTOR

25

50

75

100

125

150

175

200

NASA Needs New Ground Gear
of spacecraft now
being readied for flight in 1963 is
requiring a similar revolution in
the ground stations that will track
them and acquire their data.
Although fewer in number during this year of transition than the
number of spacecraft launched in
1962, the complexity, range of operation, mission duration, and volume of data will increase. The 3orbit Mercury flights will be replaced by 18-orbit flights and the
two-man Gemini missions. Most of
THE NEW BREED

the small scientific satellites will
give way to the large orbiting observatories. The Tiros meteorological satellite will be replaced by
Nimbus. The single Echo shots and
the Relay active communications
satellite will make way for the
3-balloon Rebound and the synchronous Syncom. Only the lunar and
planetary probes will maintain
their 1962 pace. By 1964, not only
increased performance will be the
norm but also astepped up schedule
—40 missions; in 1965, 42.
Ground facilities to handle the
new generation of spacecraft will
cost an estimated $158.4 million in
R&D and $35.85 million for construction in 1963 funds. Here are
the major requirements, as described by NASA's E. C. Buckley,
Director, Tracking and Data Acquisition, to Congressional subcommittees.
The manned one-day missions
will
require one contact with
ground stations per orbit. This
means new telemetry gear at eleven
Mercury sites. Also, all sites will be
22

equipped with
ground-to-vehicle
command facilities. For the orbits
that do not pass over Mercury sites,
the mid-Atlantic ship will be moved
to the Pacific, west of Chile, and the
Indian Ocean ship to a point near
Madagascar.
Although Gemini and Apollo missions will rely heavily on existing
ground nets, more facilities—specifics are not yet determined—will
be needed. The rendezvous and
landing maneuver portions of the
flights will both require specialized
instrumentation-mating with the
system in the capsule.
One big problem will come from
spacecraft with highly eccentric
orbits. The Eccentric Geophysical
Observatory, for example, will have
an apogee of 50,000 mi. Period of
revolution will be about 40 hr. Time
required for the satellite to move
from one Minitrack station to another is too long to wait to determine its orbit. One technique now
being developed is the Range and
Range-Rate System. This consists
of a transponder aboard the satellite and three ground stations. The
transponder receives a signal on
one frequency and retransmits on
another. The three ground stations
record the signal and obtain a
radial velocity component of the
satellite. A central computer receives information from all three
stations simultaneously and computes the actual position of the
satellite, its direction and velocity.
NASA's Deep Space Network reception capability must be increased to satisfy the growth in

mission requirements by a factor
of 200 over the decade. Mariner B
launches, scheduled to begin in
1964, will be the last spacecraft
our present complex of three 85-ft
antennas can handle. A proposed
240-ft system will provide a capability adequate to meet the needs
of future spacecraft beginning with
Voyager, and Apollo, and including
live tv from the moon. One 240-ft
dish is requested for Goldstone,
Calif.; an additional 85-ft at each
of the other two sites, Woomera,
Australia and South Africa.
Currently, parametric preamplifiers are being installed in the 85-ft
systems to give overall receiving
system sensitivities of 260 deg K.
This will be abig improvement over
the past sensitivity of 1,430 deg K.
In the future, using a maser preamplifier, a low-noise Cassegrain
feed system, and the 2,290-2,300 Mc
frequency band assigned for space
communications, a sensitivity of
about 60 deg K will be possible.
Existing equipment for the big
orbiting observatories consists of
an 85-ft antenna at Rosman, N. C.,
and one in Alaska. In addition, one
more is requested for Rosman and
one for a station in the Far East.
These antenna systems use two
higher frequency bands, 400-401
Mc and 1,700-1,710 Mc. Also, higher
power transmitters, which can be
pulse modulated by a new digital
tone coder, are being developed.
These satellites will use information
bandwidths of 1-3 Mc (communications satellite bandwidths are 3-10
Mc wide).
electronics

PULSED-DOPPLER TECHNIQUES FOR

Tracking Hurricanes More Accurately
By ROY J. BRUUN
Assistant

Editor

weather radar techniques, conceived at Air Force Cambridge Research Laboratories, may
provide surer warnings as to where
hurricanes in the northern latitudes
will strike. If these techniques are
adopted, needless turmoil, such as
that generated by Hurricane Esther
PULSED DOPPLER

in 1961, may be prevented.
Early in the morning, Esther was
wrathfully bound for industrial
cities in New England. Then, according to radar, it seemed to stall
some distance off shore. Taking advantage of the respite, people along
the coast continued to board up
shops and stay home from work. It
was Vi hours before radar was able
to determine that the "stall" had
been a shift in course; the hurricane eye—center of the propelling
circular winds—was now moving
out to sea.
Reason for the confusion was the
loose construction of hurricanes in
temperate zones. In tropical areas,
the eye is surrounded by precipitation bands—swirling winds containing tightly packed weather
droplets. It is this water that existing radars detect. As the hurricane
travels to temperate areas, like New

England, these bands move out
from the eye as much as 500 miles.
Existing weather radars dependent
on reflections from dense masses of
water droplets are no longer able to
determine the position of the eye,
which is now surrounded by winds
containing relatively small amounts
of moisture.
The AFCRL group, headed by
David Atlas, feels that pulsed techniques will enable radar to penetrate the wet outer winds with
energy sufficient to reflect signals
from the few water droplets in the
eye-surrounding winds. These return signals will be strong enough
to show up on radar scopes. The
use of doppler techniques, they say,
will permit phase detection of
weaker returns that might not be
picked up by amplitude detection.
Combining the two techniques will
provide very effective pickup of the
eye-surrounding winds. This basic
concept is the foundation for further techniques conceived by the
AFCRL group.
One of these methods is the coherent integration technique that
phase-compares several successive
echo signal pulses in a specified
time. Phase differences indicate
wind velocities. Velocities measured

at different ranges in turn indicate
eye location, since the fastest winds
surround the eye.
Coherent integration would be
provided by a coherent memory
filter furnishing the equivalent of
a filter bank at each range element
(pulse width). It can analyze wind
velocities at all ranges simultaneously.
The coherent memory filter recirculates successive pulse-to-pulse i
-f
signals N times through a unity
gain delay line loop that includes a
periodic
phase
shifter.
Phase
shifts are from 0 to 27T over a
time equal to one pulse width. Return signals with pulse-to-pulse
greatest frequency change will
show on ascope the greatest energy
increase from pulse to pulse at the
delay-line output.
One version of the coherent
memory filter, developed by General
Electric, is being used by Cornell
Aeronautical Labs for velocity mapping of weather echoes.
Other factors are direction and
speed of winds and storm turbulence. These are measured by phase
detection and filtering techniques
designated as velocity-azimuth display and doppler power density
spectrum display.
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Coherent integration (A) to detect wind surrounding In rricane eye. Velocity-azimuth display shows wind direction
and speed (B). Doppler power density spectrum display indicates severity of turbulence in thunderstorms (C)
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Sales Earnings Gains Are
By THOMAS EMMA
Associate

SALES AND EARNINGS OF 70 ELECTRONICS COMPANIES

Editor

of
70 companies in the electronics industry reveals a generally healthy
relationship between sales and
earnings for 1961 as compared with
the year 1960. Most of the companies show an increase in both
sales and
earnings (see table).
Five annual reports, those of
Eitel McCullough, Fairchild Stratos, General Railway Signal, Pacific Automation and Tung-Sol,
show declines in sales. Earnings for
these five companies, however, were
better in 1961 than 1960. Eitel McCullough, Fairchild Stratos and
Pacific Automation lost money in
1960, but they showed a profit in
1961.
Seven companies showed a drop
in both sales and earnings. In general, companies deriving income
partially from electronics and partially from other sources reported
that their electronics divisions did
well, and attributed declines in
sales and earnings to other operations.
Bell & Howell, for example, which
derives about 42 percent of its volume from electronics said the decline of about $1 million in both
sales and earnings was due to increased spending for R & D and
lower performance in photographic
sales. Sales and earnings in electronic instrumentation and related
fields gained in 1961.
Bendix's electronics operations
also did well, according to company
spokesmen.
Losses derived from
drops in commercial aviation sales,
lower profits in research and development contracts and other nonelectronic activities.
Other companies with declines in
both sales and earnings blamed increased spending in capital improvement,
increased
overhead
costs and financing of product developments.
Half of the companies reporting
a drop in earnings despite increases
in sales attribute the
change to increased spending for
R & D. Magnetic Controls, for exREVIEW OF THE ANNUAL REPORTS

COMPANY
Adler Electronics
Aerovox
American Electronic Labs
% M P
Assembly Products

1961
Sales

1960
Sales

1961
Earnings

1960
Earnings
$56,000
122,000
73,127
5.618,346
242,058

$8.963,000
22.307,735
3,371.688
59.250.729
4.161.389

53.613.000
20.521.815
2.691.119
53.901.779
3.100.579

$231.000
—606.568
81.207
6.311,450
199,689

Analogue Controls
Bell & IIowell
Rendir
Borg-Warner
Burndy

1.300.000
113,076,000
757.999.062

1.100.000
114.116.000
787.000.000

3.902.000
23.968.664

—430,000
5.105,000
26,118,471

581.721.910
38.751.765

586.878.718
36.625.528

23,431.702
1.383.022

27.207,604
1.301.091

Burroughs
California Magnetic Control
Camloc Fastener
C-E-I-R
Chicago Aerial Industries

401.210.737
437.210
4.493.664
10.940.358
9.676.682

389.210.550
388.213
3.777.130
5.769.880
6.196.160

10.189.369
20.923
336,228
—927.156
—310.697

9,235,867
—29,160
271,720
—259,188
—717,861

Clevite
Computer Instruments
Consolidated Electronics Ind
CTS
Data Control Systems

91,874.110
3.052.212
144,437.881
21.468,189
3.790.226

95.525.318
2.136.318
92.939.802
20.047.758
3.381.417

5.142.689
325.000
5.003,089
1.822.743
162.336

6,825,635
205,061
1.429,843
1.649,881
18.932

Eitel McCullough
Electronic Associates
Electronic Specialty
Electronics Corp. of America
Etnertron

27.000,000
18.681.000
27.754.379
7.541.277
14.005.269

28.308.038
15.171.000
11.735.516
6.519.517
10.366.187

150.000
1.112.000
1.182.144
256.577
333.1.99

—662,961
828,000
37,219
217,449
—42.352

Erie Resistor .
Fairchild Stratos
General Electric
General Railway Signal
General Telephone & Electronics

23.691.861
75.959.862
4,456,815.169
36.215.222
1,226,584.000

25.902.646
85.096.896
4.197.500.000
36.301.911
1,178,175.000

195.030
3.129.038
212.078.957
3.316.285
73.774.000

616,517
—5.994,650
200,100,000
2.968,253
72.430,000

Ilewlett Packard
High Voltage Engineering
11offman Electronics
Indiana General
International Business Mach

85.590,239
13.013.381
57,243.000
22.034.915
1,694,295.547

76.809.369
12.332.819
51.271.837
19.631.041
1,436,053.085

5.873.872
1.178.436
—647.000
1,790,663
207.227.597

4.991.739
1.016,650
—968,400
1,429,811
168,180.880

6.289.729
23.005.301
930.199.931
39.252.000
92.146.000

5.239.834
20.821.173
869.506.958
35.053.837
90.979.000

452.571
2.021.432
36,059,034
—1.036.000
3.257.000

346,507
1.943,450
32.103,309
866,337
2.822,000

26.096.000
—205.760
1.. 513 .
000
24.959.912
74.914.576

—41.900,000
29,133
4.367,000
26.228,148
70.692.000

International Electronic Resistance
International Resistance
International Tel. & Tel.
[Lek
Lear
lackheed Aircraft
Magnetic Controls
P. R. Mallory
Minneapolis-lioneywell
Minnesota Mining & Mfg.
Motorola
National Research
Oak Manufacturing
Pacific Automation
Packard Bell

1,41(.510.000
4.052.651
85,197.000
470.205,911
608.230.326

1.332.289.000
1.382.375
83 .386 .
000
126 .183,3 I0
519.675.000

o

298.219.815
10.111.000
23.017.077
5.112.183
31.887,807

301.019.185
9,176.000
17.612.295
6.011.110
4(.029.822

9.517,308
518.000
557.662
.116.529
—9,511.162

12.633,813
255,000
351.310
—860,410
207.704

38.345,040
3.124,949
1,545,912.000
562.901.000
8.750.493

33.269.155
2.456.919
1.494.896.000
539.975.000
4.429.137

1,054,066
162,501
35.511,000
6.877,000
306,793

1,042,493
103,548
35,117,000
8,105,000
103,254

Reeves Soundcraft
Royal Industries
Sigma Instruments
Standard Kollsrnan
Taffet Electronics

6.520,690
14,588,000
9,892,164
104,289.860
1.779.862

5.896.485
13,390,730
9,303.821
95,568,805
1,011.938

949,501
400.000
462.251
3.183,966
97.963

980,853
467,583
335,025
3.459,992
36,126

Technical Operations
Tensor Electronic Developments
Texas Instruments.
Thermotech
Tung-Sol

5.095,500
625,000
233,223,325
1.372,554
65.946.154

4.285.000
690.968
232,713,153
1.342.261
66.471,971

208,100
34,000
9,446,386
62,688
1,510.577

119,200
49,424
15.488,209
71,029
1.476,259

United Electrodynamics
Vernitron.
Victoreen Instruments
Vitramon
Zenith

12,297,964
2,227,495
17,191,177
3,030,788
274,167,987

9,227.815
1,181,303
14.042.098
2.681.958
254.111.740

377,725
111,617
—144,777
165,829
18,014,788

435,303
47,999
490 496
151,830
15,225,819

Philips Electronic & Pharrn
Premier Microwave
Radio Corp. of America
Raytheon
Republic Foil
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MARC Time Division Multiplex

Reported

alarm, remote

ample, spent $336,000 in 1961 on
research
and
development
as
against $132,000 in 1960.
Aerovox,
Assembly
Products,
Itek,
Minneapolis-Honeywell and Standard Kollsman include stepped up
R&D spending in their reasons for

control, and data transmission systems

MARC systems automatically monitor the status of any number of remote points,
and transmit on/off control, alarm, or data information to acentral station over
any communication link — physical pair, carrier, radio, VHF, or microwave.

MARC CODER AND DECODER UNITS DESIGNED FOR STANDARD RACK MOUNTING

lower earnings in 1961.
Minneapolis-Honeywell,
which
now does some 32 percent of its
volume in space guidance systems
reports that most of its electronics
activities prospered during 1961.
Decline in earnings of slightly
more than $1 million is largely attributed to financing developments

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

in data processing.
Texas Instruments, which showed
a decline of $6,041,184 in earnings
and an increase of $510,172 in sales
for 1961 compared to 1960, attributes the change to severe pricing
pressures in semiconductors and
lower defense spending during
parts of 1961. Added to this, according to the company, are the adverse affects of overseas austerity
conditions on TI installations in
Great Britain and elsewhere in Eu-

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

The MARC Decoder is synchronized with the
coder by means of a synchronizing pulse at
the end of each serial pulse train. By use
of logic circuitry, the system affords extremely high immunity to noise and spurious signals, virtually excluding improper
control function selection.
The information output of the decoder is
the presence or absence of a voltage, corresponding to the information received from
the coder. This voltage can be used to
operate inductive loads, such as relays, or
resistive loads, such as indicator lamps.

rope.
Other companies with declines in
earnings despite higher sales report having used earnings to finance installations, initiate product
developments and absorb costs of
expansions started in 1960.

TONE
TRANSMITTER

COMMUNICATION
LINK

TONE
RECEIVER

MARC
DECODER

Echo II Canister
RELAY OUTPUTS OR INDICATOR LIGHTS

UP TO 256 CONTACT CLOSURES

•

MARC equipment is all-solid-state, providing extremely reliable operation with
virtually no maintenance. Modular components — code-notched printed circuit
cards — can be combined in many different configurations to meet the operating requirements of virtually any application. Systems can be simple or highly
sophisticated, depending upon the mode of operation, reliability parameters,
and time available for transmission. For details, write:
Being prepared for vibration testing on Grumman's new shaker, this
canister will contain the 135-ft inflatable Echo II sphere which
NASA will launch as a passive
common jeu tions satellite
May

4,

MOORE

ASSOCIATES

INC.

893 American Street, San Carlos, California
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IMIL, MES TOR

METAL FILM RESISTORS
OFFER 5TEMP. COEFFICIENTS
TO MEETALL CIRCUIT
REQUIREMENTS
RUGGED END-CAP
CONSTRUCTION
FOR LONG TERM
STABILITY
EXCEPTIONAL
RESISTANCE TO
MOISTURE AND
MECHANICAL DAMAGE
SURPASS MIL-R-10509
PERFORMANCE
REQUIREMENTS
Providing close accuracy, reliability
and stability with low controlled
temperature coefficients, these
molded case metal-film resistors outperform precision wirewound and
carbon film resistors. Prime characteristics include minimum inherent
noise level, negligible voltage coefficient of resistance and excellent
long-time stability under rated load
as well as under severe conditions of
humidity.
Close tracking of resistance values
of 2 or more resistors over a wide
temperature range is another key
performance characteristic of
molded-case Filmistor Metal Film
Resistors. This is especially important where they are used to make
highly accurate ratio dividers.
Filmistor Resistors, in 1
/ , ,1
4
/
2
and 1watt ratings, surpass stringent
performance requirements of MILR-10509D, Characteristics C and E.
Write for Engineering Bulletin
No. 7025 to: Technical Literature
Section, Sprague Electric Co., 35
Marshall Street, North Adams, Mass.
For application engineering assistance,
write: Resistor Div., Sprague Electric Co.
Nashua, New Hampshire

SPRAGUE

e

THE MARK OF RELIABILITY
'Sprague' and 'CY are registered trademarks of the Sprague Electric Co.
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Model C Stellarator, now in experimental operation at Princeton University's Plasma Physics Lab, was designed and built by Allis-Chalmers
and RCA according to concepts developed by Princeton scientists under
AEC's Project Sherwood

REPORT PROGRESS IN

FUSION RESEARCH

PRINCETON, N. J.—Princeton University scientists recently reported
results of the first few months of
experimental operation for the
model C Stellarator—third generation version of one of the major approaches to controlled thermonuclear fusion research.
The $35-million C Stellarator
facility has been in preliminary operation since the Fall with ohmic
heating, which is designed to raise
the plasma temperature to approximately 1 million C (ELECTRONICS,
p 50, Oct. 27, 1961 and p 29, Sept. 1,
1961).
It now seems established that,
as was theorized, plasma containment time increases as the
square of the discharge tube radius.
Containment times of about 1millisecond have been observed. This

represents an order of magnitude
increase over that for the typical B
Stellarators.
Present work is concentrated on
studying the energy losses that occur when the ohmic heating current
is removed. Results so far indicate
these losses, due largely to impurities, will have to be reduced before
going to the magnetic pumping that
would provide the heating from 1
million C to 100 million C.
Techniques being studied for reducing energy loss are low-level
ohmic heating applied for several
days, shielding the ceramic insulating sections and, most important, a
divertor to magnetically separate
the heavy-ion impurities. Scientists
hope to install the divertor in six
months; magnetic pumping may be
tried next year.
CIRCLE
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Moving air is easy... controlling it takes an expert

This happy 'ella has blown smoke rings for millions of people who accept it as
part of the excitement of Times Square. The imagmative engineering that went
into his creation isn't given asecond thought. That's the way it is with askillful
design. It is efficient, practical and taken for granted. That's the way we find it
in our business of designing and building all types pf air moving units. We consider it high praise when we are told we have created asimple design. Write for
Brochure 102 to the Torrington Manufacturing Company, Torrington, Conn.

TORRINGTON

Keithley simplifies microvolt measurements!
(from .002 microvolt)
Keithley microvoltmeters make quick, direct measure-

and all units are relatively insensitive to vibration, 60

ments of low-level dc signals. Each instrument is direct

cycle fields and thermal EM F's. Available in bench or

reading, with recording capabilities, and can be used with

rack mounting, Keithley has three basic models of micro-

floating or grounded input. Two units—Models 149 and

voltmeters with range characteristics to meet your

150A—feature zero suppression up to 100 times full scale,

specific requirements.

MODEL 149 MILLI-MICROVOLTMETER is the most sensitive voltmeter available today. Ranges cover 0.1 pv to 100 mv
full scale. Maximum gain is 100,000,000. Speed of response to
90% of full scale is less than 0.5 second on most ranges. Short
term noise is within 3 x 10 -9 volt peak-to-peak (6 x I0 -10 volt
RMS). Input resistance is 10,000 ohms on the 0.1 pv range.
rising to 10 megohms on less sensitive ranges. Recommended for
low source resistance applications, as with thermopiles and

e

thermocouples, the Model 149 can also be used to measure
outputs from bolometers, resistance bridges and barrier layer
cells. Other uses exist in corrosion work, Hall Effect studies and
differential thermal analysis. The 149 features a low-thermal
copper circuit, low thermal switches and low-level magnetic
shielding for the input compartment.
$895.00

MODEL 150A MICROVOLT-AMMETER has extra versatility. As

MODEL 151 MICROVOLTMETER can also

dc ‘oltineter, ranges extend from I,us to Ivolt full scale, and noise

function as a dc amplifier, bridge null detector

is within 0.006 pv RMS. Input resistance
is 1megohm on the 1pv range, rising to

and micro-microammeter. Eleven linear ranges

90 megohms on less sensitive ranges. As
an ammeter, ranges cover 10 -10 to 10 -3

with a maximum voltage sensitivity 'of 100

and 5non-linear ranges cover 0.1 mv to 10 volts,
µ\

full scale. Input resistance is constant at 10 megohms on all ranges. As a dc amplifier, maximum
gain is 100,000; as an ammeter, currents as low

ampere full scale. As adc amplifier, gains
are 10 to 10,000,000. The 150A can also
function as a micro-microammeter to

as 2 x 10 -13 ampere can be detected. The Model
151 has 500,000:1 in -phase rejection, with noise
less than 2% of full scale on

measure current from low voltage circuits,
and (with external voltage supply) as a
meg-megohmmeter. Applications include
output measurements of thermocouples,

all ranges. Extremely stable
and oblivious to stray fields

strain gages, ion chambers, phototubes
and scintillation counters. Also useful for

or 60 cycle pick-up, the 151 is
useful wherever asuspension

Hall Effect studies, differential thermal
analysis, cell studies, molecular weight
analysis and to extend the range of Wheat-

or where a galvanometer is

stone bridges.

or rugged.

galvanometer can be used,
not sufficiently sensitive, fast

$750.00

$420.00

Brief Specifications
MODEL

RANGES

ACCURACY

STABILITY

POWER SENSITIVITY

149

13 overlapping in lx,
3x steps, 0.1 pv to 100 mv.

2% full scale on all ranges.

After warmup, within 0.01
mv per day.

Greater than
4x 10- ,Iwatt.

150A/150AR*
Voltmeter

13 overlapping in lx,
3x steps, 1pv to 1V.

2% full scale on all ranges.

After warmup, within 0.1
i.iv per day.

Ammeter

15 overlapping in lx, 3x
steps, 10 40 to los

3% full scale on all ranges.

After warmup, ±2 x 113- 1,
ampere per day.

151/151R•
151RC+

11 linear, lx, 3x steps, 0.1 mv
to 10 v; 5non-linear, 0 .
001
to 10 v; three decades each.

Linear ±3% full scale.
Non-linear ±10% of input.

After warmup, below 10 1.4v
per day.

'Models for rack mounting

Greater than
4x 10- ,8 watt.

10- 1, watt.

Rack-Contact meter model, same as standard unit except for addition of a contact meter relay.

complete specifications in latest catalog...
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MEETINGS AHEAD
Michigan State
University; at the University, East
Lansing, Michigan, May 7-8.

COMPUTER CONFERENCE,

COMPONENTS
AIEE,
EIA;

CONFERENCE,

ie
veCAservabierYfill118181...:a88115110soa .014•01001124WW‘d

IRE-PGCP,

Marriott Twin Bridges
Hotel, Washington, D. C., May 8-10.
NORTHEASTERN

DISTRICT

Statler-Hilton
Mass., May 9-11.
MEE;

Hotel,

MEETING,

Boston,

BLOOD PRESSURE MEASUREMENT PROBLEMS DISCUSSION, Institution of Elec-

trical Engineers (British); Savoy Pl.,
London, May 11.

NATIONAL AEROSPACE ELECTRONICS CON-

IRE-PGANE; Biltmore Hotel,
Dayton, Ohio, May 14-16.
FERENCE,

AERO-SPACE
INSTRUMENTATIoN
POSIUM, ISA; Marriott Motrr

SYM-

Hotel,

Washington, D. C., May 21-23.

ELECTRONICS PARTS DISTRIBUTORS SHOW,

Electronic Industry Show Corp.; Conrad Hilton Hotel, Chicago, May 21-24.
SELF-ORGANIZING
INFORMATION
SYSTEMS CONFERENCE, Office of Naval Re-

search and Armour Research Foundation; Museum of Science & Industry,
Chicago, May 22-24.

MICROWAVE THEORY & TECHNIQUES NATIONAL SYMPOSIUM,

IRE-PCMTT;

der, Colo., May 22-24.

Boul-

POWER SOURCES CONFERENCE,
U. S.
Army Research and Development Laboratory; Shelbourne Hotel, Atlantic
City, N. J., May 22-24.
TELEMETERING

NATIONAL CONFERENCE,

et al; Sheraton Park
Hotel, Washington, D. C., May 23-25.
IRE-PGSET, AIEE,

NUCLEAR CONGRESS & EXHIBIT, Engineers Joint Council; Statler Hilton
Hotel, New York City, June 4-7.
RADAR ANNUAL SYMPOSIUM, University
of Michigan; at the University, Ann
Arbor, Mich., June 6-8.

WHY USE TWO IF ONE WILL DO?

Brookhaven National Laboratory; at the
Laboratory, Upton, N. Y., June 11-13.
MOLECULAR BEAMS CONFERENCE,

ARMED

FORCES

ELECTRONICS

COMMUNICATIONS

CONVENTION

&

The Heinemann Type B Time-Delay Relay can double as its own load
relay. It's got a continuous-duty coil. Once actuated, it can remain
locked-in indefinitely. This, combined with DPDT snap-action switching
at up to 5 amps, can obviate the need for a separate slave relay in many

&

SHOW;

Sheraton Park and Shoreham Hotels,
Washington, D. C., June 12-14.

applications.
Yours might be one of them. Here's a quick rundown of the Type B's
specs:
Standard Timings: 1/
4 ,1
/
2 ,1, 2, 3, 4, 5, 8, 10, 15, 20, 30, 45, 60,

WESTERN ELECTRONICS SHOW AND CONFERENCE,

WEMA,

IRE;

Los

Calif., Aug. 21-24.

Angeles,

90, 120 seconds.
Contact Capacity: 5 amperes at 125V or 250V AC; 5 amperes at 30V
DC, resistive; 3amperes at 30V DC, inductive.
Coil Voltages: 60 cycles AC: 6, 12, 24, 48, 110, 115, 120, 208, 220,
230, 240 volts; DC: 4, 6, 12, 24, 28, 48, 64, 110, 120 volts. (Others

ADVANCE REPORT
SPACE808NE C031PUTER ENMNEF RINe.

CoN-

IRS-Pt:EC:
nitiney/and
Hato.
Anaheim, Calif.. Oct. 30-31. June 11 is
111, , deadline for submitting •k copies al
a thousand-word stem ?nary to: Or. I?. ,4.
Ch ienta n Program Committee.

rminmes.

available.)
For more detailed specifications on the Type B (and on all the other
time-delay relays in the Heinemann line), write for Bulletin 5005.

.1C Spark Piaq Di eisio It. General 11 °tors
.'y
950 North Se pu Ived a Ron he vard
El Segundo. Cale! . Papers teill be concerned with all engineering aspects of
put era und digital in form snon procq systems for ne issile and spare
w .9.
reenRary clearer nres sh011111
obtained
be fore
submitting
su -

HEINEMANN
40

e>

ELECTRIC COMPANY
2600 Brunswick Pike, Trenton 2, N. .1.
SA 2578

to, Ir'i f

CIRCLE 29 ON READER SERVICE CARD
May

4,

1962

a 0 is applied to a cell in which a
0 is stored, the applied and stored
currents will add in the right leg
and cancel in the left leg. A 1 applied and a 0 stored or a 0 applied
and a 1 stored will add in the left
leg and cancel in the right leg. Thus
a match between applied and stored

COMPARISON
BRANCH

COMPARISON
BYPASS
BRANCH

SENSE
CRYOTRON

/ is applied to the digit line in a

direction.
Simultaneously, a write-line current is applied driving the write cryotron
resistive and forcing the digit current to the right leg. The write
current is then removed, followed
by the digit current. Since the legs
have equal inductance, this leaves a
downward

COMPARISON
BYPASS CELLS

ACCESS
INHIBIT CELLS

READ-OUT
STROBE
n COMPARISON BYPASS SET

NHIBIT SET
;.:C.:SS I
C:1PARI SON
SET

—

rent l in the right leg and a mismatch by acurrent /in the left leg.
Figure 2 shows how a match or
mismatch is sensed by the match
cryotron in the top branch of the
comparison line. If a comparison
is made on all bits in a word, the
top comparison branch will be superconducting only for an exact
match.
It is usually desirable to match
with only a few of the bits in the

WRITE

I

1

BIT
I

the

corresponding

The comparison branches in each
bit position of the

selected word

are also used for readout. This requires, if more than one match exists, the switching of current from
the top comparison branches of all
nonselected words.
To read out stored information,
a 0 digit current / is applied upwards. This current divides, sending //2 upward into each leg. These
currents combine with the stored
circulating current of //2.

If a 0

has been stored the result will be
a current Iupwards in the right leg
and no current in the left leg.

If

a 1 has been stored the result will
be a current I upwards in the left

BIT
2

BIT
3
COMPARISON
SELECTO

SENSE

DIGIT

SENSE

DIGIT

SENSE

DIGIT

,

R,

1

D,

match

bits of the applied word.

information is indicated by a cur-

FIG. 2—Memory and comparison
cell using thin-film cryotrons

ACCESS I

ing only if all interrogated bits in
a word

e

Ei
H,

COMPARI SON
INE

0

I,

X,

Si

N,

L,

P,

V,

Z,

T, U,

:1

a,

I
D2

kuuI

I

E2

A2

t. C2

L2

I

F3

D3

A3

I

UPUU

I
l
.

E3

13

I

L3

E3
3

4
SEQUEN CING
LA DER

COMPARISON

COMPARISON BYPASS

RESET

DVIDACC

- - - EXTERNAL CONNECTIONS

FIG. 3—Experimental data-addressed memory. Using 81 cryotrons, the memory can store 3 words of 3 bits each
May 4,
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ADDRESS REGISTER

SEQUENCING
LADDER

INPUT-OUTPUT REGISTER

ACCESS COMPARISON
INHIBIT
BYPASS
CELLS
CELLS

INPUT-OUTPUT REGISTER
BIT I

BIT 2

BIT 3

COMPARISON

WORD I

WORD I

LINE

WORD 2

WORD

SELECTION
MATRIX

WORD 2

n

VVORD

MEMORY CELLS

CONTROL AND SELECTION LOGIC

(A)

n

MEMORY AND COMPARISON CELLS

(
B

FIG. 1—Location-addressed memory system, (A); data-addressed memory system (DAM), (B)

ister nor a selection matrix is required.
Where the contents of the entire
memory must be compared with a
specific item, a DAM system has a
considerable speed advantage over
a location-addressed system, except
in certain search problems where
list programming can be used.'
DAM-type applications occur in
pattern recognition, inventory control and document retrieval. In all
such problems the DAM can compare the contents of all its locations
simultaneously with the input information, whereas the conventional
memory
must
search
through all or part of its locations
in sequence.
The large number of components
with nondestructive read-out facilities required for each location of
a DAM suggests the use of thinfilm cryotrons.' Similar systems
have been proposed'
under the
name associative memory. Experimental
data-addressed
cryotron
memories that can deal only with a
single matching location for any
category have also been described."'
A model of a magnetic data addressed memory using a modification of the domain wall viscosity
effect for nondestructive read-out
has been described.' "
The

cryogenic

data-addressed

nieninr17 jAcdusur,-.o

Q re „,....-.

COMPARISON
SET
SEQUENCING
LADDERN

COMPARISON
LINE
MISMATCH

MATCHING
WORD
),

MATCHING
WORD
)?

RESISTIVE
CRYOTRON
SUPER4 13— CONDUCTING
CRYOTRON

FIG. 4
— Detailed schematic of the
serynencing ladder, showing an example with two matches and one
mismatch

leg and no current in the right leg.
Thus a stored 0 will switch the
"mismatch"
cryotron
resistive,
forcing the comparison current
through the comparison branch in
that bit, leaving the sense cryotron
superconducting. A stored 1 will
switch the match cryotron resistive, forcing the comparison current through the comparison bypass branch, switching the sense
cryotron resistive.
Consequently,
when a current is applied to the
sense line a voltage will be read
there for a 1 but not for a O.
The selection and control logic
finds the first matching location
that
falls
into
the
category
searched, so that read and write
operations can be performed on
that word only, and after that word
has been processed, to bypass it
during
subsequent
comparisons.
These operations are performed by
the sequencing ladder, the access
inhibitor cells and the comparison
bypass cells.
The sequencing ladder shown in
Fig. 4 selects the word of the class
being searched that is stored in
the most accessible location. The
ladder is controlled by the comparison branches from each memory
location. In a matching word, current flows in the top branch; in a
mismatched location it flows in the
bottom branch. In all words before
34

work is stable, positive-feedback
circuits analogous to flip-flops need
not be used.
The functions of a DAM can be
described in a specific problem; a
good illustration is cataloging books
in a library. Each memory word
location might contain the title,
author's name, subject and shelf
location of a book. Each category

output register. Alternatively, the
system can be switched to its write
mode; new information is written
on top of the information in the
selected location. A word is erased
by rewriting it as zeros. The control logic insures that access to the
selected location is not lost even
if
its
information
content
is
changed.

of information would be restricted
to a specific portion of the word.
If the book is to be listed under
several
subjects,
it
would
be
entered in several locations.
To find information, the title is
entered into the input-output register of Fig. 1B. The system is
switched into its comparison mode,
in which the title position of the
input-output register is simultaneously compared with the corresponding position of every storage
location.
Wherever a matching
location is found (that is, wherever
the title stored in alocation matches
that in the input-output register),
acurrent is switched into the upper
branch of the comparison line connected with that location (See Fig.
3).

the first selected location. This bypasses the location during subsequent matching cycles. Without
changing the contents of the inputoutput register, another comparison
cycle takes place, allowing access
to the next nearest matching location, and the cycle is repeated.
When no further matching location
exists a signal is produced by the
control logic. The comparison and
bypass cells of all the previously
selected locations can now be reset
simultaneously, thus releasing the
system for interrogation with a
new title.

In many cases the contents of
several locations will match, so that
several links of the comparison line
will have been set. To deal with
this problem, sequencing circuits

If new information is to be
entered into the memory the system is first interrogated with a
title consisting of zeros; this automatically provides access to the first

----.

•

• ••

the first match, the control rungs
will be blocked by a current in the
bottom comparison branch. For instance, Fig. 4 shows croytron B1
driven resistive for a mismatch in
word 1. Cryotron Al remains superconducting, allowing current to
flow from the top of the ladder
down to word No. 2. Here, where
the first match occurs, the rung
will be superconducting (cryotron
B2) and the left rail resistive. The
current will deflect from the left
rail to the right rail through the
superconducting rung, identifying
the first matching word. Since this
current is now in the right rail, it
cannot reach matching words further down the ladder.
A match is indicated externally
if no voltage appears across the
rails of the ladder. If no match exsists, all the rungs will be resistive
and a voltage will be sensed across
the ladder.
The access inhibit cells, shown
in Fig. 3, inhibit access to all words
except the selected one, by storing
a circulating current. This current
is first stored in all these loops
simultaneously by applying sequential and overlapping current pulses
to the access inhibit set line and
the access inhibit line.
In the
selected word, this circulating current will be quenched by current in
the control rung of the ladder; this
allows write and comparison bypass
set currents to operate on the selected word. It also enables comparisons other than the selected one
to be overridden. By applying a
read-out strobe pulse, comparison
currents in all unselected words
will be diverted to the lower corn-

READOUT STROBE
ACCESS INHIBIT

COMPARISON
BYPASS SET

ACCESS INHIBIT SET
COMPARISON SET

—1

When the nearest matching location has been dealt with, and before
looking for the next nearest one,
persistent current is induced in the
comparison bypass cell attached to

parison branch. Only in the first
selected word will the comparison
current remain in the top comparison branch. This enables the comparison line to be used for read-out.
The comparison
bypass cells
eliminate a matching word from
further consideration after operations on it have been completed.
This is done by storing a current
in the associated comparison bypass cell, thus making cryotron L
in the top comparison branch resistive. A current is stored in the cell
by applying overlapping and sequential pulses to the comparison
bypass set lines and the comparison
bypass lines. The access inhibit
cells ensure that the comparison
bypass set current is routed to the
comparison bypass cell in the selected word only. Once a circulating current has been stored in this
cell, blocking amatch for the previously selected word, the system can
be returned to the comparison mode
to search for the next matching
word. After all matching words
have been processed the comparison bypass reset current is applied, quenching circulating currents in all comparison bypass cells
simultaneously.
The modes of operation are discussed with reference to Fig. 3.
1. Comparison—the contents of
all words in the memory can be
compared
simultaneously.
This
comparison can be made on any or
all bits of the word. Any bits that
are not pertinent can be masked
out.
On those bits that are to be compared, a digit current corresponding to 1 or 0 and a comparison bit
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FIG. 5—Experimental memory plane.
layers ranging from 3,000 to 10,000
measures 3 by 6 by 0.05 inch
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select current are applied. On those
bits that are to be masked from the
comparison, only the digit current
corresponding to a 0 is applied.
Next, the comparison set line is
pulsed. In those words where a
match exists, the comparison current (which is always kept on) is
forced
to the top comparison
branch. This switches the sequencing ladder current (which is maintained throughout the comparison
cycle) through the rung of the first
matching word; it is blocked from
the rungs of all nonmatching
words.
Overlapping and sequential access inhibit and access inhibit set
pulses are next applied, storing a
current in all access inhibit cells.
This current will be quenched in
the first matching word by the current in the rung of the sequencing
ladder.
Access to all but the first matching word is inhibited by currents
now stored in the access inhibit
cells. Therefore read, write and
comparison bypass operations will
act only on the first matching word.
Sequential access to all locations
in the memory irrespective of their
content can be obtained by comparing with all the input-output register bits masked. This is required
when the memory is to be filled
with zeros before starting operations.
2. The read operation must always be preceded by a comparison
operation.
The top branch of the comparison
line is used for reading. In all
matching words, the comparison
current has been diverted to this
branch. By pulsing the read-out
strobe the comparison current will
be switched to the lower comparison branch in all except the first
matching word, because this is the
only word that does not have current stored in its access inhibit cell.
Thus the comparison current can be
maintained through cryotron I,
only in the first matching word.
All masked bits have 0 digit and
sense currents applied. A stored
1 in the selected location will then
be indicated by a voltage on the
sense line of that bit. The unmasked bits need not be read out
since they are already known.
3. The write operation must also
be preceded by a comparison operaMay 4, 1962

FIG. 6—Ladder circuit, (A), poses interconnection problems between
substrates. This is overcome by modification (B)

TABLE 1—TEST RESULTS

Substrate
#

Time
NomiConst.
mil
in
CFC Switch Sense
OperGate CFC CFC Microsec.
sting
ResistMeas. Calc.
T
AT ance

Temperature
in °K

T,

Remarks

12/5/61 3.711 3.635 0.079

280

Manual switching
of comparison function

12/6/61 3.710 3.630 0.090

300

All memory functions demonstrated

3.8313.7520.079

700

1/3/62

1/12/62 3.807 3.741 0.066

700

1/10/62 3.707 3.621 0.086

250

I3

A3

5.0

5.4

C3

A3

2.0

1.8

II 3 held resistive.
Comparison loop
time constants
All memory functions demonstrated

F3

1.0

1.5

Access inhibit time
constant

Li, L2 F3

5.0

...

Reaction time of
comparison loop
and sequencing
ladder

D3
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tion. To write in the first empty
register a match is made with all
O's.
Digit currents, corresponding to
the word to be written, are applied,
followed by a write pulse. Digit
currents are required even for
masked bits. Therefore it will be
necessary to read out the masked
bits and rewrite them.
4. Comparison bypass—This operation is used to exclude the first

TABLE H—
CRYOTRON DIMENSIONS
Width Thickness
Layer

in
in
Microns Microns

Pb Shield
Si() Insulation
Sn Gate:
Si() Insulation
Ph

\clive controls
Inactive controls

1,600

330

1.0
0.8
0.3
0.8
1.0

matching word from further consideration. A current is stored in
the comparison bypass cell of the
first matching word by applying
overlapping and sequential comparison bypass and comparison bypass
set currents. When all matching
words have been bypassed, an attempt to match will result in a voltage across the sequencing ladder.
The comparison bypass currents
are then erased by applying a comparison bypass reset.
Several data-addressed memory
plates have been tested in all modes
of operation. An arbitrary pattern
was stored and various comparisons were made; read, write and
comparison bypass operations were
also performed by manually switching d-e currents of 200 ma.
Time -constant
measurements
made on several loops using single
200-ma pulses agreed with time
constants calculated from the geometry. The method used' was to
store a current in a loop. This current was quenched by switching a
cryotron in the loop (the switch
cryotron in Table I), resistive for
an interval less than the calculated
time constant. The current remaining in the loop was monitored by

Since the substrate area was
larger than usual, and since the
logic design had never been previously tested, the crossed-film cryotrons used were made large, and a
low-density layout used. By reducing cryotron dimensions (operating at lower temperature to maintain gain), and by using a denser
layout, sixteen 21-bit words could
be accommodated on the present
substrate; 1,000 such substrates,
interconnected and contained in a
1-cubic foot cryostat, would constitute a useful memory.

measuring the critical gate current
of a sense cryotron controlled by
this current. This method was used
to measure:
(1) The time constant for transfer of a current from the lower to
the upper branch of the comparison
loop when pulsing the comparison
set.
(2) The time constant for transfer of a current from the upper to
the lower branch of the comparison
loop when pulsing the read-out
strobe with a persistent current in
the access inhibit cell. This differs
from the previous time constant
because there is a low-inductance
resistive path in parallel with cryotron /.
(3)
The time constant for

Since substrate-to-substrate interconnections have much higher
inductance than those on the substrates, the interconnections should
not be included in loops driven by
cryotrons. Several ladder circuits
such as the comparison bypass set
circuit do not satisfy this criterion
but can be modified so that they do.
A ladder circuit is shown in Fig.
GA. The interconnection inductance
will limit the operating speed of
such acircuit; this can be overcome
by the modification shown in Fig.
68, at the cost of an extra bypass
line on each plate. By using this
bypass line, current can be directed
through any or none of the other
lines on each plate. The interconnection inductance is not included
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quenching a circulating current in
the access inhibit cell.
(4) The time required to invalidate a match in words 1 and 2 and
to transfer the sequencing ladder
current from word 1 to word 3.
This was measured by observing
the quenching of a circulating current in the access inhibit loop of
word 3.
Typical results are shown in
Table I. The switch and sense cryotron identifications refer to Fig. 3.
Nominal dimensions are shown in
Table II.

in a cryotron loop and no longer
affects the circuit operating speed.
This technique also minimizes the
effect of sneak currents.° In this
circuit the comparison bypass set
current will initially divide equally
between all lines on one substrate;
thus, there must be enough lines on
one plate to limit this current to a
safe value or the current risetime
must be limited to prevent partial
switching in unselected words.
A more complex circuit, in which
the top rung of the ladder on one
plate controls the bottom rung of
that on the next plate, is required
for the sequencing ladder because
this is the data transmission channel between plates. The time delay
in this circuit can probably be reduced to about 50 nanoseconds by
using a low-inductance interconnection between the plates together
with some extra cryotron amplifiers. This time delay will probably
be the factor limiting over-all system speed, since in the comparison
cycle a signal may have to be propagated through every substrate.
The experiment shows that operating crossed-film cryotron circuits can be obtained on 6- by 3-inch
substrates.
Estimates indicate the feasibility of a 300,000-bit memory with a
50-microsecond comparison cycle
time. Such a system should be
valuable since it is compatible with
room-temperature data processors.
The authors thank P. H. Boucheron, J. W. Bremer, D. A. Donath
and H. E. Tanis for their assistance.
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Inexpensive Multiplier
for Analog Computers
FIG. 3—Typical product obtained
after filtering

By J. ASH and Y. J. FOKKINGA
University of Alberta. Edmonton,

THIS

MULTIPLIER

makes

use

of

pulse-width pulse-amplitude modulation to form the product of two
input voltages. Referring to Fig.
1A, the multiplier unit comprises a
pulse-width modulator and a pushpull rectangular pulse generator
driving a diode-bridge switch. Input variable Y is sampled whenever
the switch is closed by the pulse
generator output. Duration of the
sample pulse is controlled by the
amplitude of input variable X. The
average voltage of the sample pulse
is V = KXY
LY; the undesired
term LY is subtracted from this
signal to provide a demodulated
voltage proportional to the product
of the two input variables (KXY).
The input circuit of the pulsewidth modulator, which comprises
D, and Va,is supplied by anegativeslope sawtooth and by input variable X. Tube V, conducts before D,
conducts so that initially the plate
voltage of V, is low. Diode D, conducts whenever the negative-going
sawtooth voltage is equal to or less
than input variable X; the grid of
V, is then driven into the cut-off
region causing the plate voltage to
rise toward the supply voltage.
When the sawtooth voltage returns
to the maximum positive value V,
again conducts and the plate returns to the low-voltage state. The
result is a sequence of approximately rectangular pulses whose
width depends upon the amplitude
of X. The push-pull pulses required
to drive the diode-bridge switch are
produced by V, and T,. Since the
maximum amplitude of the current
pulse supplied to Ta is constant, the
height of the pulse supplied by T,
is a function of the pulse width.
This limitation controls the permissable ranges of variables X and Y,
which must be within the range of
—10 y to +10 v.
May 4, 1962
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The alignment procedure requires
only two independent adjustments.
In Fig. 2A, which shows the subtractor unit, ground X, apply maximum Y input and adjust R, to obtain zero output for the KXY
signal. Then apply maximum X and
Y inputs and adjust R2 to obtain
the desired K.
Connecting the multiplier in the
feedback path of a high-gain amplifier (Fig. 2B) permits division
of one input variable by another.
Static accuracy of the unit is affected by the rise and fall times of
the pulse output from the switch
and the linearity of the driving saw-

PULSE
WIDTH
MOD

PULSE
GEN

SWITCH

tooth. An accuracy of about three
percent of full-scale output has been
obtained when using a simple
Miller-integrator sawtooth generator.
Dynamic response is largely dependent upon the filter that demodulates the signal from the
multiplier. Figure 3 shows the
wave-form of a 100-cps carrier
modulated (multiplied) by a 5-cps
signal.
REFERENCES
(1) R. W. Landee, C. Davis and A. P.
Albrecht,
"Electronic
Designers'
Handbook". McGraw-Hill Book Company, New
York, 1957.
(2) A. J. Ferraro. Multiplier for Analog
Computers, ELECTRONICS. Nov. 4, 1960.
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T1.FERROXCUBE CORE 25/163BI
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FIG. 1—Multiplier (A) forms products and subtractor removes LY
ternis. Multiplier schematic (B)

S.J.

K.X 1,000

SUMMING JUNCTION

(B)

FIG. 2—Eliminating the LY term of the multiplier (A). Diagram in (B)
shows how to hook up the multiplier vnit in a division setup
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Measuring Temperature
Variation of transistor characteristics with
temperature is linear over awide temperature
range, permits ameter controlled by the
transistor to be calibrated directly in degrees.
The same principle is used with diodes
By L. E. BARTON
RCA Laboratories,
Princeton, New Jersey
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ELECTRONIC THERMOMEM

Thernzometer with measuring transistor at end of
plastic tube,
top photo. Diode thermometer calibrated in degrees Kelvin, lower photo,
(See Fig. 4)

into degrees of temperature.
A highly sensitive and accurate
transistor thermometer is shown
in Fig. 1A. This circuit is arranged
for household and outdoor thermometer use.
The temperature
sensing element is a 2N105 transistor mounted in the end of asmall
diameter
plastic
tube
through
which the three transistor leads are
connected to the control box.
Referring to Fig. 1A, switch S,
applies power and variable resistor
Ri is adjusted for full-scale meter
reading of 7 volts d-c. Circuit constants will change for other values
of voltage.

IT HAS long been regarded as a
drawback that transistors are temperature sensitive in their normal
use; however, this adverse temperature instability can be used to advantage in the transistor electronic
thermometer.
To maintain constant collector
current, the base bias must be increased as the temperature decreases, and conversely. The relationship between base bias and
temperature is linear over a wide
A bias voltage in steps reprerange of temperatures and if the
senting deg F is provided for the
base bias for a constant collector
d-c input to the transistor; bias
current is calibrated in degrees, it
voltage increments to maintain a
becomes a temperature scale. For
given collector voltage are about
a typical germanium transistor
0.0014 volt per deg F. The poten(2N105), variation in bias is about
tial divider includes R. and R, while
0.0014 volt d-e per deg F. The tranthe other resistor elements to
sistor thermometer can accurately
ground are arranged in units of
measure the small base voltage in3.33 ohms for 0.0014 volt steps.
crements corresponding to temPotentiometer R, is calibrated
perature changes for calibration
for scale degree points at each 3.33

— 7—
2 V
MERCURY
CELLS
9 STEPS
33.3 OHM
_30.
EACH. 10°F
S
PER- TAP
POINTER
MARKED FOR
3
3.33 OHMS. FROM
TOP 10 POINTS
I° PER MARK.

-7--

B

FIG. 1—Transistor probes temperatures in confined space (A); simplified circuit measures narrow
range of temperatures in body-temperature region (B)
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With Diodes and Transistors
,

0.5

o.,

25 °C

c-25°C

35 °C

- 50 °C - 75 °C -100°C

Ed

a2

0.3

0.4

(A)

(B)

DIODE VOLTS

FIG. 2—Characteristic of 1N2326
diode (above) shows that toltage
across the diode for agiven current is
proportional to temperature
FIG. 3—Diode circuit gives direct
wide range reading (A). Modified
circuit (B) gives direct reading over
limited range. Circuit (C) has limited
range but temperature is derived from
null on meter. Wide-range circuit (D)
also operates through meter null

ohms, for at least 10 points. The
complete range of R. is then 10
units of 1 degree for a total of 10
degrees. The 3.33 ohms per degree
was chosen for convenience and because the input resistance to the
base is low (1,000 to 2,000 ohms).
Switch S. provides 9steps of 33.3
ohms for 10 degree steps and with
the 10 degrees of R2 gives a range
of 100 deg F.
The range may be extended with
switch S2.Normal range is obtained
with the switch at the 0-degree
point. When S, is at +30, maximum temperature reading 2s 130
deg F; with S, at —30, minimum
temperature is —30 deg F. Approximately 5 microamperes base
current is supplied through R. permitting more accurate increments
of base voltage with equal steps of
resistors.
Collector resistor R. is selected
so that a collector voltage of about
0.5 y is obtained when the transistor
temperature
corresponds
with the temperature setting of the
base input controls. A 0.5-potential at point A to equal the 0.5 volt
collector potential is obtained with
divider R. and R.. The 0-50 microampere meter reads zero when
points A and B are at the same
voltage. If the temperature of the
transistor changes, the base biasing
May 4, 1962
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decades and R. are adjusted for
zero reading of the meter. The reading of base bias then gives the
temperature of the transistor probe
and the indication of bias is calibrated to read temperature.
Transistor temperature response
can be made to fit calibration by
adjusting R. with a possible slight
change in R..
Tests made with dry ice and
liquid nitrogen indicated linearity
of base voltage versus temperature.
To operate in this low temperature
range, it is necessary to modify the
circuit by inserting a resistance at
terminals X. For a given R. the
resistance necessary at X to produce a zero reading of the microammeter may be plotted against
temperature to about 20 deg K. The
voltage across X may not be linear
because R. is not changed, therefore the curve of temperature
versus resistance X may not be
linear. The collector voltage should
always be at least 0.5 volt higher
than the base voltage.
A zero reading of the microammeter indicates no voltage differential between points A and B.
However, if the meter is allowed to
indicate a differential of voltage,

(D)

then a meter resistance can be
found to indicate full-scale deflection for 5 deg F. Each microampere would then represent 0.1 deg
F. This sensitivity may be had at
any selected temperature over the
entire range of the thermometer
which is from about 130 degree P.
to near absolute zero. If silicon
transistors are used, this can probably be extended to more than 300
deg F.
A high sensitivity thermometer
for body-temperature ranges may
be simplified as shown in Fig. 1B.
The basic circuit is the same as for
Fig. 1 except the temperature
range is limited and no provision
is made to check battery voltage.
The diode thermometer uses
simpler circuits and fewer parts
than the transistor thermometer,
but with reduced sensitivity of
about 0.5 to 1.0 deg F.
The voltage versus current characteristic curves of a representative germanium diode, 1N2326, are
shown in Fig. 2.
This set of characteristic curves
indicates that the voltage across the
diode for a given current is proportional to temperature. The curves
also
indicate the
upper
tern-

VIZ=
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perature limit for linearity. In Fig.
2 at about 35 deg C, a curve of the
same shape as for lower temperatures passes through zero current
at zero volts. Therefore, at higher
temperatures the diode current
curve becomes steeper and a deviation from diode volts versus
temperature linearity begins. The
linear range of temperature indication for a germanium diode with a
forward current of about 0.5 ma,
was found to be about 45 deg C to
about —250 deg C. At low diode
currents, linearity extended to
about 35 deg C.
For a given current, voltage
across the diode is a linear function of temperature from near
absolute zero to some higher temperature value. The limit of high
temperature is a function of the
bandgap voltage of the semiconductor material.
Many circuits may be used to
measure the voltage across the diode. The voltage per degree C is
about 0.002 volt for germanium,
varying with circuit constants, diode current and base material.
Because of the low source impedance of the diode-derived voltage
at about 0.5 ma (approximately 90
ohms), a 50-microampere meter
may be used to measure voltage.
Such meters have resistances of
about 800 to 2,000 ohms, and may
be used to measure voltage directly.
Figure 3 shows different arrangements for specific diode thermometer applications.
The simplest circuit is Fig. 3A

in which R, limits the diode current
to about 0.5 ma. As the temperature decreases the voltage across
the diode increases. The temperature of the diode then may be calibrated in voltmeter reading of E,.
Temperatures of any range may be
measured with this circuit from
near absolute zero to the upper
limit of the diode base material.
Figure 3B operates over limited
ranges of temperature that may be
selected between any two values.
Full range of a 50-microampere
meter may be as low as 25 deg C.
The function of R, is the same as
in Fig. 3A except the indicating
means is built into the thermometer. Resistance R, in series with
the meter determines the range of
temperature for full scale. Potential dividers R. and R, select the
part of the temperature spectrum
to be measured.
The values of R, and R„ can be
switched to make the meter a decade device reading temperature in
steps of 25 deg C plus the meter
reading. This decade arrangement
may extend from about 20 deg K to
40 deg C with no correction for
deviation from a straight line, or
operate down to about 2.5 deg K
with calibration.
The circuit of Fig. 3C is a modification of Fig. 3B. This circuit derives a limited range bucking voltage across the potentiometer while
the microampere device is used as
a null indicator. When the potentiometer is adjusted so that the
voltage at the arm is the same as

the diode voltage, the position of
the potentiometer arm indicates
volts and may be calibrated in temperature. The temperature range
of this circuit is limited by the resistance of the potentiometer, R,
and R4. Again, a range of about
25 deg C. may be selected at any
temperature from near absolute to
about 40 deg C.
The range of the potentiometer
may also be increased as shown in
Fig. 3D to the full range of near
absolute zero to about 45 deg C.
The curve in Fig. 4A is the complete curve from liquid helium, 4.2
deg K., to ice at 273.5 deg K. The
linearity is nearly perfect from
about 20 deg K.
The lower end of Fig. 4A curve
is expanded in Fig. 4B. This curve
indicates •the unexpected temperature response of the 2N105 connected as adiode over the region of
about 13 deg K to about 5 deg K.
The curve in this region is linear
with a sensitivity much greater
than expected, (about 0.02 deg C
reading accuracy).
Below 5 deg K, the curve turns
down through three points of calibration at liquid helium at atmospheric pressure (4.2 deg K) and
3.2 deg K and 2.5 deg K at reduced
liquid helium pressure. It is expected that if other temperatures
below 2.5 deg K were available the
temperature indication would fall
on the dotted line to absolute zero.
If this assumption is true, a thermometer is on hand to measure
temperature to absolute zero.
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FIG. 4—Response of 2N105 transistor connected as a
diode is linear down to 20 deg K (A). Expanded portion
of characteristics shows increased sensitivity below
20 K (B)
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Reference Supply
Delivers
Half-Volt
Increments

Author Beebe demonstrates the reference supply.
is in an aluminum case

Unit

Supply is switched by internal relays to deliver voltages between minus 63.5 and plus
63.5 volts. Binary arrangement of relays
switch in half-volt steps. Output is stable
for 1,000

hours without readjustment

Careful packaging avoids mutual interference between components, permits small unit size

a cookie jar. The power supply is
of modular construction, using sepIndustrial Products Div., International
arate assemblies for power transTelephone & Telegraph Corp., San
former, relays, diodes, voltage
Fernando, California
divider and control board. Additionally, there are two assemblies for
shunt
regulating transistors and
THIS POWER SUPPLY was developed
two for shunt resistors.
to meet military specifications and
The supply is in an aluminum enis used in automatic test equipment
closure consisting of a chassis and
as a stable source of reference volta cover plate, with a single conage. Regulation is 0.05 percent for
nector on the rear of the chassis.
a 5-percent change in input voltage,
The three required adjustments are
while ripple and noise are less than
accessible by removing the front
40 millivolts peak-to-peak. The unit
will sustain 50 g shock during a cover plate.
The unit contains two independ7-millisecond rise time, while the
ent solid-state d-c power supplies:
whole package is about the size of
By M. BEEBE
J. MILLER
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a fixed-voltage channel delivering
20 volts, and a stepped-voltage
channel delivering from 20 volts to
83.5 volts in 0.5-volt increments.
See Fig. 1. The voltages from these
two channels are subtracted to provide a variable 0 to 63.5-volt final
output, which is switched by the relays to deliver negative voltages.
Eight 12-volt command signals
can be combined in a binary manner to provide any output desired.
As an example, simultaneous application of commands 3, 5, 7 and 8
will provide an output of —10.5
volts.
The 115-volt three-phase 40041

cycle input power is applied to a differential amplifier that controls
three-phase transformer, whose six
the variable channel also uses a resecondary windings supply a-c to
sistor bridge for sensing. However,
two sets of bridge rectifiers. The
this bridge, is made up of seven pred-c output from the rectifiers is filcision (0.01 percent) resistors with
tered and applied across a shunt
a small trimpot and a 1-percent reregulator to the output. Line and
sistor at each end.
load fluctuations are sensed by a
The seven precision resistors are
temperature stabilized, differential
bridged by the normally closed conamplifier having a zener reference.
tacts of the command relays, and
The output of the differential amare removed from the sensing cirplifier is fed through two stages of
cuit. As a command is applied, the
amplification to control the shunt
relay contacts are opened, throwing
regulator.
an additional precision resistor
Each channel is regulated by an
into the sensing bridge, and changindividual shunt transistor, while
ing the output of the variable chanhigh-gain
differential
amplifiers
nel. A combination of commands
provide sensing and control for
will throw a combination of precieach of the two channels. The two
sion resistors into the sensing
differential amplifiers, however, use
bridge, raising the output of the
the same zener diode for a refervariable supply to 20 volts above
ence. Because the final output of
the desired output. The output of
the unit is the difference between
the 20-volt channel is then subthe two channels, compensations
tracted from the output of the variare automatic for input voltage
able channel to provide the output
variations, temperature changes
of the unit.
and zener reference drift. SubtracThe a-c input to power diodes D,
tive outputs eliminate the problem
through Di. is 13 volts rms per
of low-voltage sensing and regulaphase (Fig. 2). The filter compotion (0.5 volt, 1.0 volt, 1.5 volts).
nents are C2, C, and L. Zener diSensing and regulation below the
ode Di6 provides a reference to the
20 volt level is not required.
high gain differential amplifier (Q,
In the differential amplifier that
and Q.), maintaining a precise 6.2
controls the 20-volt channel, a fixed
volts at the base of Q.. The base
resistor bridge is used opposite the
circuit of 6), contains the fixed rezener reference for sensing. The
sistor bridge, Ru,and R,,, as well as

3-PHASE INPUT

34, 1I5V
400 CPS
POWER
TRANSFORMER

3gb FULL
WAVE BRIDGE
RECTIFIER
B FILT

COMMAND
SIGNALS

34, FULL
WAVE BRIDGE
RECTIFIER
8 FILT

FIXED
20.0 VOLT
REG
AMPL

SENSING

RELAY
CONTROLLED
PRECISION
RESISTOR
BRIDGE
SHUNT
REG
Fl XED
20.0 VOLTS

SENSING

VARIABLE 20.0
7083.5 VOLT
REG
AM PL

CONTROL

SHUNT
REG
VARIABLE 20.0
TO 83.5 VOLTS

OUTPUT
POLARITY
AND SENSING
REVERSE
RELAYS

OUTPUT

FIG. 1—Three-phase input at 400 cycles minimizes filtering requirements
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the trimmer potentiometer R..
Regulation of the voltage level of
the 20-volt power supply is controlled by the differential amplifier.
Potentiometer R. is provided for
minor adjustment of this power
supply. The output of the differential amplifier is amplified by
high-gain stages Q. and Q., and is
applied to the base of shunt regulator transistor Q.. Emitters of amplifiers Q. and Q. are clamped by
zener diodes D,. and D,. at 9 volts
and 15 volts respectively. Transistor Q, then regulates the channel output voltage by varying the
current through shunt resistor,
R.. Short-circuit or overload protection is inherent in the system.
The a-c input to rectifiers D,
through D., is 46 volts rms per
phase. Capacitors C1, C3 and resistor R., are the filter elements.
Resistors R.., R. and R. may be
filter elements depending on the
position of the command relays.
Zener diode D. also provides the
reference to the second high-gain
differential amplifier (Q„ and Q.).
The zener maintains a precise 6.2
volts at the base of Q. The base
circuit of Q. contains the relaycontrolled precision resistor bridge.
This bridge uses precision resistors
R, through R.. Resistors R. through
R. are the seven 0.01-percent wirewound resistors that are switched
in or out of the circuit by relays
K, through K,.
Output of the differential amplifier is amplified by high gain stages
Q. and Q„ and is then applied to
the base of shunt regulator transistor Q,. As in the low-voltage
channel, the emitters of amplifiers
Q. and Q. are clamped by a zener
diode. Transistor Q, then regulates
the channel output voltage by varying the current drawn through
shunt resistor R..
Because it is impossible for Q,
to operate throughout the range of
current levels that would be required to vary the output voltage
a full 63.5 volts, shunt resistor R.
must be varied to keep Q, within
its operating range. Resistors R.,
R. and R. are switched into the
circuit, in parallel with shunt resistor R., by commands to relays
Ki,K„ and K. respectively.
Relay K. reverses the polarity of
the output, and operates on apolarelectronics
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-Separate d-c sources are subtracted to give reference outp its. One source has fixed voltage, the other variable

ity-reverse command signal. To
maintain optimum regulation in
the unit, it is important that the
output sensing leads be taken at
the output connector, so that all of
the internal connector and line resistances in the power supply could
be compensated. It would be even
more desirable to sense the output
at the actual load. Relay If„ reverses the sensing leads at the output connector as the polarity of
the output is reversed. Relays K.
and K, are not connected in parallel
because the unit was designed for
command operation directly from
digital logic of an automatic test
set, and it was desirable that no
command input requirements exceed 100 ma.
The ability of this power supply
to maintain long-term stability
and drift-free operation over atemperature excursion is based on a
stable reference voltage and stable
drift-free amplifiers.
Manufacturing techniqaes have
provided stable silicon zener reference diodes having a standard deviation neighboring 4 ppml measured
over a 16-week period. These silicon reference diodes also exhibit a
minimal temperature coefficient if
the zener bias current is adjusted
and maintained. The current level
of D„, which is the basic reference
for this supply, was adjusted to
operate at this point.
One way of minimizing d-e amplifier drift is by using a chopper4,
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stabilized amplifier; however, size,
weight, noise and reliability (if mechanical choppers are used) are
serious considerations in the use of
this method. This method of drift
regulation was discarded.
Use of two separate power supplies, one output being subtracted
from the other, minimizes amplifier
drift due to ambient temperature
changes. Advances in transistor
technology have provided transistors with stable characteristics
that do not exhibit appreciable
change over long periods. The design of a low-drift nonchopper
stabilized amplifier is largely based
upon stable zener reference diodes
and transistors, however, to maintain low drift, several other requirements must be met.
The drift due to ambient temperature changes must, in addition
to being small, be in the same direction for both amplifiers. Both
amplifiers
must
be
referenced
against the same silicon reference
diode. High-quality low-temperature-coefficient resistors must be
used throughout, and especially in
all the high-gain amplifier stages.
The effect of I,. changes must be
minimized by the use of silicon
transistors in the first amplifier
stages.
Drift direction can be determined by allowing the major drift
to be contributed by the second
stage amplifier.
Higher gain could have been real-

ized from the first and second amplifier stages by use of an emitter
follower between the differential
amplifier and the first voltage amplifier, or by using a double differential amplifier system, but then
only at the cost of an added transistor. In addition, use of an emitter follower doubles the influence
of dV,./dT upon amplifier drift,
while the use of a double differential amplifier complicates the
ability to predict the direction of
drift due to ambient temperature
changes. No temperature compensating devices are used within the
power supply.
Because the power supply must
provide both positive and negative
outputs, a polarity reversing relay
(Ks) is used. The relatively high
relay contact resistance requires
special relays to maintain an adequately low power supply output
impedance. Selection of low contact
resistance relays is not sufficient to
maintain proper regulation and another relay K, is used for reversing
the sensing leads, enabling tight
coupling of the sensing system to
the output terminals of the power
supply. Contact resistance problems in the precision bridge network are also avoided by use of
high-quality relays.

REFERENCES
(1) Baker 8,s Nagy, Stability Of Zener
Voltage Reference. 1 R E Transactions On
Instrumentation. Sept., 1960.
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SIMPLE LOW-VOLTAGE
Alarm with 0.2-volt threshold consists of three parallel
branches: zener diode reference circuit; resistor voltage divider;
and transistor differential amplifier with arelay
AMONG the various

alarm devices

divider is chosen to be about 20 ma.

required for telephone and power
utility installations is a low-voltage

Values of R„ R.and R,are chosen

alarm.

This device must provide

normally open or normally closed
contacts for actuating local and remote signaling apparatus, when the

able under maximum voltage. Reso that the voltage drop across R, sistor R, would therefore be 250
can be adjusted to be equal to the
ohms, and the voltage from point G
zener voltage of D,over the specific
of D,must also be considered.
+ R,± R7-

A low-voltage condition could be
caused by loss of power to the batbattery charger, overload of the battery charger or cell failure in the
battery

bank.

The

alarm

device

must be reliable and rugged, easy

to point E would be —20 volts.

range of E,.. The voltage tolerance

system battery voltage drops below
normal.

tery charger, internal failure of the

voltage 40 ma must be made avail-

R2 =

=

Ese..,

R; =

The base of Q, is held at a fixed

- -0
_
-.0i = a`'"
rn, °
Ein(min—)
—

—

0.02

R7 =

— 900 ohms

level by zener diode Di,while the

oh ms

10

RS

E.,

0.04
56 — 20
0.04

0.02

56
= 2SOO ohms
0.02
'
R,

Ein(max) —
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0.02

base of Q. may be set at a desired

Ins

500

level by potentiometer R., and will
vary with respect to the base of Q,
as the input voltage E,. varies.

to install and adjust, relatively in-

= 1,700 ohms
R, = 2,800 — 500 — 1,700 = 600 ohms

sensitive to ambient temperature

Branch DEFG is atransistor dif-

Q, and Q, to be identical, when the

changes and able to withstand reasonable mechanical shock without

ferential amplifier. Transistors Q,

base voltages of both transistors

and Q, are mounted on a common

are equal, the currents through the

giving false alarm signals.
Figure 1 is the circuit of the
transistor low-voltage alarm.

The

values shown are for a telephone
system battery bank having 23 to
26 lead-acid battery cells in series.
Potentiometer R. adjusts for the
number of cells used.
The

circuit

consists

of

three

branches. Branch ABC is a reference circuit consisting of zener diode D,in series with ballast resistor
R,.

Resistor R, is chosen so that

the current through D,is about 10
ma.
Emax

Esener

Isener
=

56 — 10

= 4,600 ohms.

Assuming the characteristics of

heat sink to equalize the case tem-

transistors

peratures,

base voltage of Q, is more negative

thereby

reducing

the

are

equal.

When

the

temperature drift of the transis-

than that of Q1, Q2 will conduct

tors.

while Q. will not. When the base of

To provide equal load impedance
to each transistor, R,is made equal
to the relay coil resistance. The relay coil is rated for 8 volts d-c and

Q, is less negative than Q„ Q, will
conduct and Q, will not.
The differential amplifier is inherently high-gain, and therefore a

has 250 ohms resistance; therefore

small change in input voltage (
E,„)

R, is 250 ohms.

produces

In a differential amplifier,

the

changes

in

current

through Q, and Q.. The unit of Fig.

sum of the currents through the

1 requires only 0.2 volt change in

differential arms is constant, and

E,„ to switch the relay from pull-in

thus the current through R, and R,

to drop-out, and conversely.

is constant. For the proper mode of
operation,

the

transistors

must

have the common emitter (point F)
at or slightly above the base voltage

Figure 2A is a block diagram of
atypical application of the low-voltage alarm in a telephone power installation.

of Qi and Q,. If sufficient current is

The battery charger is the full-

Branch HJK is a resistor voltage

provided to insure reliable opera-

float type that normally furnishes

divider. The current through the

tion of the relay under minimum

the current to the load, and at the
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ALARM
By C. J. KIEFFER
Raytheon Co., South Norwalk, Conn.

FIG. ;—Low-to!tage alarm
same time maintains the batteries
at a fully-charged state. In a 24cell lead-acid system, the normal
float voltage range is 51.6±-1 percent, or 52.12 to 51.08, volts. If
power to the charger fails, or if
the charger fails, the no-load terminal voltage of the battery is 48

eTTER1
3HARGEF

volts. The low-voltage alarm must

24 -CELL
3ATTERY

LJAG

provide an alarm signal when the
battery voltage is less than 51.08

LOWLTAGE
.1,LARM

volts. This low-voltage alarm meets
the requirement.
Since the device described in Fig.
1is an on-off device, it can also provide an alarm to signal high-voltage. If the relay must operate when

Pl
30 "
1_,

-C LOAD

high voltage exists, R. and the relay should be interchanged in the
circuit.

H
VO _TAG:
ALARM

With the addition of other components, the basic unit has other
applications. If it is desired to de-

NO
NC

(B)

tect overload in a-c devices, the addition of a current transformer,

4-3 LOAD

rectifier and filters, as shown in
Fig. 2B, will adapt the high-voltage
version. The alarm contacts can interrupt the a-c power if desired.

LOW
JOLTAGE
LARM

The voltage alarm can also detect
low or high a-c voltage when used

NO
NC

with a rectifier and filter as shown
in Fig 2C. If a motor-driven variable autotransformer is placed at

HIGH
VDLTAGE
ALARM

the input of the Fig. 2C circuit, the
contacts of the low-voltage alarm
connected to the increase winding

NO
NC

(C)

of the motor and the contacts of the
high-voltage alarm connected to the
decrease winding of the motor, the
result is aline-voltage regulator.
May

4,

1962

FIG. 2—Typical low-voltage alarm inatallatian (A); adaptation of a highvoltage alarm for a-c (B); and voltage alarm for detecting both high and
low a-c (C)
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DESIGN CHARTS

For Microwave Antennas
Nomographs for determining gain, beamwidth and estimated
space for installation of rectangular horn and parabolic antennas

Antenna Section,
American Electronics Laboratories
Colmar. Penna.

09-

By GEORGE J. MONSER
60 — 0.198

80-

50— 0.236
DESIGN AND SELECTION of a mi-

)(b
DENCESI
PMAENNLS-OIN HI,

70 —

frequently is predicated upon
fitting an antenna of specified
gain into aspace or volume. With
these charts it is possible to determine the type of antenna with

30— 0.396

the highest gain that can be installed in a given space.
These charts provide informa-

15— 0.790
12 — 0.98

tion to permit rapid estimate of
volume required to satisfy a
given gain requirement. Charts1.48
are given for two commonly used1.70

10 —1.18
9— 1.32
8—
7—

3— 3.96

5

2.36

2.5 — 4.75
(1)

where e = 88à/b = E-plane 10db beamwidth, 4, = 31 -I- 79X/a
= H-plane 10-db beamwidth,
= horn efficiency factor, b =
E-plane

46

6— 1.98

horn

aperture

dimen -

— 0.5

—1
WAVELENGTH, INCI

Dimensions and gain of a rectangular horn" can be related

X ri

60

20— 0.590
18 — 0.655

4—

41253
0ck

65 —

25 — 0475

microwave antennas — parabolic
reflector (dish) antennas and
rectangular aperture (horn) antennas.2.98

Gain —

05 .2—

crowave antenna for a system

by

75 —

40 — 0.298

W
ce

55

Ó
L

50

I-

48 —

45
1-‘1
CO

—2

z

40 —

a_

—4

IL' 35—
m

30-

—8

2— 5.90
1.5 — 7.9016

(J
1.

25 —

—

1.0 — 11.8

20 —

FIG. 1—Chart for finding E-Plane beamwidth

electronics
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NOW OZALID GIVES YOU
FRICTIONLESS, DUAL-SIDED,
WHITEPRINT DEVELOPING

IN

ONE PASS!

The new Printmaster® 900 whiteprinter gives
you an amazing OZALID exclusive; a revolutionary developer system with no sealing
sleeve, no slip screen, no perforated rollers to
clog. Sealing sleeve servicing and replacement
are ended. Ammonia is saved.
One pass completely develops double-coated
materials. Vapors permeate both sides of prints
right down to the base. No under-developed
images to fade or discolor. Power-driven discs
guide prints straight through the heart of the
developer. No print curl or buckle.
The 900's speed (to 75 fpm) ,hi-intensity 100
or 150 wpi lamp, balanced cooling and simplified speed control assure unparalleled reproduction versatility. Send coupon for full details.
May

4,

1962

CDZALIID
WE

REPEAT

CoZAL.IID

Division of General Aniline & Film Corporation
In Canada: Hughes•Owens Co., Ltd., Montreal.

1

OZALID, Dept. 184
Johnson City, New York
Most machine for the money on
the market! All these extras at
no extra cost: lamp intensity control, instant reversing device, automatic exhaust timer, enclosed
roll holders, automatic feed
safety mechanism, instant-start
variable speed control, remote
ammonia supply attachments.

Send complete details on the
new PM 900.
NAME
FIRM
ADDRESS
CITY

ZONE

STATE
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60 - 0.198

sion, a = H-plane horn aperture
dimension and X = wavelength.
Parameters a, band Xare in similar units. The dimensions are
shown in Fig. 1 and 2.
To use Eq. 1, the 3-db beamwidths are found by multiplying
the 10-db beamwidths by (3/
10) 1/
2

30- 0.396
25 - 0.475

60 - 0.5

-1.0

12- 0.98

27,000

FREOUENCY,GC

7- 1.7
6-1.98
5- 2.36

2

-4

- 8

4-2.98

(4)

OH OH

10 -1.18
9-1.32
8-1.48

3- 3.96

Equations 2, 3, and 4 are
plotted in Fig. 1 through 3.
Assuming that phase deviation across the horn aperture remains less than 1/8 wavelength,

-16

DIMENSION (a), INCHES

15-0.79

(2)

35B H-PLANE BEAMWIDTH,DEGREES

20- 0.59
8- 0.655

gtui = 17 -I- 43 X/e
57( X/a) ,I
, (3)
and replacing wavelength with
frequency since foo = 11.8/X,
where foc = frequency in Gc and
X = wavelength in inches.
For an assumed efficiency
=
0.65, the gain equation becomes

Gain -

70 -1-0.25

H- PLANE

= 48 X/b

40 - 0.298

WAVELENGTH, INCHES

Off

80-

50 - 0.236

50

40-r

2.5- 4.75
2- 5.90

-32

1.5 - 7.90
-64
1-11.8

20

FIG. 2-Chart for finding H-plane beamwidth

4- 6

80-

75-

5-7

70 -

cn
w
w 65 cc
L
5 60 cn
55 F.
50 m
a 45w
co
I" 40a
_1
a_

di

35 -

6-7.8
8- 9
9- 9.5
10 -10
ô 12 -10.8
i=
a
ce
- 15 -11.8
z 17.5 -12.4
.-,i
cD

"") 30-

30 -14.8

flare length is given by
i

-55
co

-50

n
Z
;Ft
(
5

-45

20 -13
25-14

20-

-65
-60

7-8.5

co

25-

-100
-95
-90
-85
-80
-75
-70

3-4.8

35 -15.5
40 -16
45 -16.5
50 -17
60
55-17.4
-17.8
65
70 -18.1
- 18.5

- 40
-

35

- 30
-25

-20

le = C2/ X
(.
where C = a or b whichever is
larger (a, b and x are as previously defined.) Equation 5 is
plotted as Fig. 4.
Dimensions and gain of a
parabolic reflector' can be related
by
Gain =

3

100 95 90 85-

41253

9

5

Xn

(6)

where Oa = 63X/d = 3-db beamwidth, d = reflector (dish) diameter, X = wavelength, and
n = reflector efficiency factor,
with d and Xin similar units.
Wavelength is replaced by frequency in the beamwidth equation. And, for an assumed re-

FIG. 3-Chart for finding gain of rectangular horn

48

electronics

.

.1

>50 megohm
input impedance

...Announcing the AMELCO silicon
field effect transistor, asolid state
direct replacement for pentodes.
Available now from stock.
AMELCO FG series N-channel diffused
silicon field effect (unipolar) transistors
directly replace vacuum tube pentodes,
in terms of both application and
circuitry, to gain the advantage of
lower heat dissipation.
FEATURES
• High input impedance50 megohm minimum
• High source-to-gate and
drain-to-gate voltage breakdown
• High transconductance1000 micromhos minimum
• 10 y typical pinch-off voltage
• Negative gain
vs. temperature curve

Applications for AMELCO FG series transistors include high input impedance amplifiers,
voltage switching, memory driving, control of ac power with small dc power, differential
amplifier (no offset voltage), low level choppers and many others.
FG series transistors are available from stock in TO-5 packaging; other packages available. For further data and prices, write or call Don Ganson, Marketing Manager,
AMELCO, INC., Electron Devices Division, 341 Moffett Blvd., Mountain View, California.
Phone YO 7-5527.
TECHNICAL DATA

FG
FG
FG
FG

34
35
36
37

VDC, VDS,
Volts
50 min.
100 min.
150 min.
200 min.

VP,
Volts
20 max.
20 max.
20 max.
20 max.

ANIELCO, INC.
May 4,

1962

Gm,
Micromhos
1000 min.
1000 min.
1000 min.
1000 min.

Ri,
Megohms
50 min.
50 min.
50 min.
50 min.

MOUNTAIN VIEW, CALIFORNIA
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-64

60-0.198
50-0.236
-5,180
-32

.40- 0.298
-2,560

flector efficiency of 0.65

-1,280

25-0.475

-640
-16
- 320

15-0.79

10-1.18
9-1.32
8-1.48
7-1.70
6- 1.98
5-2.36

-80

WAVE LENGTH, INCHES

FREQUENCY,GC

12- 0.98

-180

- 40
-20

FLARE LENGTH, INCHES

20-0.590

-8

-10
-- 4

APERTURE DIMENSION (o or b),INCHES

30 -0.396

- 5

4- 2.98
-2.5
3- 3.96

-1.25

2.5 - 4.75

-0.63

-2

2- 5.90

1.5 - 7.90

I-1.18

FIG. 4-Chart for finding fiare length of rectangular horn
-500
w
w

-400
- 350

60-0.198

- 300

50-0.236

-250
co

40 - 0.298

-200

o
rn

-150

30-0.396
432,000-

(56.3)

108,000 -

FREQUENCY, GC

15-0.790
12- 0.980 ,
1
2
=
w
z
10- 1.18
9-1.32
-8-1.48
=
1Ls
7-1.70
z
W
6-1.98
-1
w
>
a
5- 2.36
4- 2.98

-120

3
- e

-

-ioo

-90

(50.3)

-80

3

-70

i

27,000 -, 1(44.3)

-60

- 1.5
6,750- 2(38.3)
z
Zr
cs
x
ul
a

- 3
1.690 -

4(32.3)

- 6
422- 8 (26.3)

-50

Fo.
ta
Z.

-40

.i
w

-30

=
w

-25

a

-20

-12
3- 3.96
2.5- 4.75
2-,-5.90

106-16 (20.3)
-24
26-32 (14.3)
-48

1,5- 7.90

6.6- 64 (8.3)

-15
-12

DISH DIAMETER, INCHES

25-0.475
20- 0.590

Gain = -270°°_
o),,2

(7)

and
Off =

745,' di la•

(8)

where f„, = frequency in Ge and
d = reflector diameter, inches.
Equations 7 and 8 are plotted
in Fig. 5. Two examples illustrate the use of the charts. First,
consider a compound horn with
an E-plane aperture of 2 inches
and H-plane aperture of 4 inches,
designed for use at 9 Ge. Find
the gain and estimate the approximate space (volume) required for the installation. From
Fig. 1, 0 = 35 deg; from Fig. 2,
= 32 deg; from Fig. 3, G =
14 db; from Fig. 4, F
12
inches.
Using the aperture dimensions
and flare length, the volume is
estimated (including allowance
for flanges and supporting structure) as about 50 cu in. Multiply
aperture area by flare length,
then divide by 2, since the horn
is essentially a pyramid.
Next, consider a reflector 6
inches in diameter for use at 9
Gc. Again, find the gain and
estimate the installation space
(volume). From Fig. 5, 0
14
deg; from Fig. 5, G = 21 db.
For estimating
installation
space, a focal length to diameter
ratio of 0.5 may be used, and
allowing for support structures,
etc., the volume is estimated as
about 90 cu in.

REFERENCES
(1) J. D. Kraus. "Antennas." McGraw.
Hill Book Co.. New York. N. Y.. 1950.
(2) S. Silver, "Microwave Antenna Theory and Design," McGraw-Hill Book Co..
New York, N. Y.. 1949.
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FIG. 5-Gain and beamwidth of parabolic antenna
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SCIENTISTS AND ENGINEERS:
Today the men of Motorola's aerospace team
are applying creati%e mindpower to the ana.ysis, design, construction and test of advan2ed
space communications command and conzrol
systems. Vital contributions are being made
to such important current NASA programs
as the Goddard cis-lunar Range and Range
Rate Tracking Sy3tem... the JPL Mariner
and Ranger unmanned planetary and lunar
proues.. .and updating of the Deep Space
Inszrumentation Facilities to "S-band" for
JPL. If you are interested in shaping the futt_re
with adynamic aert space contractor on these
and other prograrrk, we can offer immediate
opportunities to boill System and Equipment
Design Engineers. Write us today describitg
in detail your experi3nce in the following areas
of aerospace techno:ogy:

System Design •communications, teleme.-xy,
command and control, radio tracking, data handling, and detection and correlation.
Equipment Design •deep

space satellite and
missile transmitters and receivers, high-sensitivity
ground receivers, da -,a processing equipment,data
storage and display equipment, telemetry sys ,Ems.

Familiarity with tate-of-the-Art. 11111h:131e

sensor data correla:_on, coding techniques, highfrequency solid state designs, integrated circa try
applications, ultra-reliability design techniq..Tes,
and phase-lock and correlation techniques.
We are particularly interested in the programs on
which your experienre was obtained, and thE extent of your technic 31 responsibility. Address :his
infprmation to our Manager of Engineering for
immediate and conidential attention.
An equal
opportunity
employer

MOTOROLA

Military Electronics Division Headquar'ers
8201

East McDowell Road •Scottsdale, Arizona

MI_ITARY

PLANTS

SCOTTSDALE,

LOCATED

ARIZZNA;

IN

CHICAGO, ILLINOIS;

RIVERSIDE,

CALIFORNIA.

Mindpower and Manpower...
shaping the future in

AEROSPACE SYSTEMS

RESEARCH AND DEVELOPMENT

Nonlinear Filter Detects Envelope or Backbone
By N. D. DIAMANTIDES,
Engineering Scientist
Goodyear Aircraft Corp., Akron, Ohio
FILTERING -DETECTION
technique
could enable recovery of meaningful information from noise-contaminated signals. The active, nonlinear filter could be useful in communications, biological instrumentation, control and other systems.
It can be used to extract either the
envelope or the backbone of the signal of interest.
The basic principle of the technique, which has been implemented
on an analog computer, could
readily be incorporated into a final
circuit.
Operation of the nonlinear filter
in Fig. 1 is based on a 3ampling
and holding unit controlled by an
electronic switch. If positive and
negative pulses are applied simultaneously to the inputs of amplifiers 1 and 2, respectively, diode
switch S, closes. Feedback around
amplifier 3 results in an output
equal to the input and with negligible time lag. When the pulses
are removed, the bias voltages of
amplifiers 1and 2 open S„ and amplifier 3 stores the value of input
voltage at the moment of switching. If polarity of the switching
pulses were reversed, S. would
close.
If the signal of interest is applied to the common input of amplifiers 3 and 4, properly timed
switching pulses would enable amplifier 3 to read the signal during
positive values and amplifier 4 during negative values.
Such a filter can be adapted to
two operating modes, one involving
multiplicative or modulation noise
in which the signal envelope is of
interest. For envelope detection,
the signal must be sampled at its
peaks and troughs. Zero crossings
of the second derivative of the signal can be used to generate switching pulses at maxima and minima
of the raw signal.
The filter can also be adapted to
another operating mode involving
additive noise in which the signal

52

70

IMEG
-200V —N\A,-2MEG

FIG. 1—Time derivatives of raw signal control electronic switches to
sample and hold signal values in nonlinear fashion

I
(C)

(B)

(D)

,

FIG. 2—Detected envelopes are shown of modulated sinusoidal carrier (A)
and modulated noise carrier (B), while backbones are shown of modulated
and biased sinusoidal carrier (C) and modulated and biased noise carrier
(D). Horizontal divisions represent 1 second and vertical divisions represent 50 volts

backbone is of interest. For backbone detection, the signal must be
sampled at its inflection points.
Zero crossings of the third derivative of the signal can be used to
generate switching pulses at the inflection points of the raw signal.
Amplifier 5 is connected as a dif-

ferentiator with practically infinite
gain and limited output. It produces a positive output pulse when
the signal derivative is positive and
anegative pulse when the derivative
is negative. Amplifier 6 is asimilar
ditferentiator that produces corresponding
negative
and
positive
electronics

You can lock onto any of 28,000 frequencies

pounds. • By simplifying both receiving and

— from 2 to 30 megacycles — instantly and

t:ansmitting

firmly,with theGeneral Dynamics/Electronics

Electronics— Rochester has achieved a sig-

circuits,

General

Dynamics/

— Rochester digitally tuned SC-900 series

nificant advance in Single Sideband econ-

SSB equipment. • With these rugged, highly

omy, reliability and ease of operation. Over

transistorized sets, General Dynamics/
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built into the SC-900 series — a family of
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communications.

noteworthy SSB Equipment developed by

This complement of Single Sideband equip-

General Dynamics/Electronics — Rochester

ment includes transmitters and transceivers,
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which speak with all the range and authority

II Every product we make started with a
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cuestion. We solicit yours. Write 1418 North
Goodman Street, Rochester 1, New York.

GENERAL !DYNAMICS
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pulses each time polarity of the
derivative changes. Thus switching
pulses are provided for envelope
sampling. Subtracting the output
of the two sample and hold units
through amplifiers 8 and 9 yields
the filtered signal.
Amplifier 10 functions as another
differentiator and is switched in
when S is at position B. Outputs
of the two memory units averaged
in amplifier 11 provide the extracted backbone of the signal.
Filter outputs shown in Fig. 2
include the effect of a 0.3-second
delay in the switching circuits,
which was required for a particular
application but is not a feature of
the filter.
Envelope detection of an amplitude-modulated carrier is shown in
Fig. 2A, while the signal in Fig. 2B
is similar to those encountered in
electroencephalographs and electromyographs. Backbone detection
is shown in Fig. 2C and D.
The author acknowledges the assistance of W. W. Martin.
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EVERYBODY'S
calling for
Zippertubing

Test Gear Developed for
Electron-Beam Recording

because they save up to 90%
labor costs in cable jacketing and
shielding.
ZIPPERTUBING jackets cables in a
single operation and is available in
a wide range of mil spec materials
to meet every need and in sizes to
your specifications. Send for our free
catalog and take advantage of our
confidential consultation and design
service.

INSTANT JACKETING FOR
ALL APPLICATIONS
EVEN AFTER
ASSEMBLY
COMPLETED
PAT. AND PAT. APP. FOR

THE

Zippertubing

co.

Main Office and Plant:
13000 S. Broadway, Los Angeles 61, Cal. •FA 1-3901
Eastern Office and Warehouse:
470 U. S. Hwy. 46, S. Hackensack, N.1. •HU 7-6261
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is expected
to speed development of high-performance recording systems. The
equipment has been designed to
evaluate thermoplastics and other
materials for use in proposed electron-beam recording.
The test equipment, developed
under contract at Ampex Corp. Applied Research Laboratories, has
been delivered to the Reconnaissance
Laboratory,
Aeronautical
Systems Division, Wright-Patterson Air Force Base.
Electron-beam recording is expected to record electronic information at rates up to 10 times those of
presently
used
recording techniques. An electron beam scanning
a thermoplastic material imposes a
pattern of electrostatic charges on
the surface. Application of heat to
the material causes microgroove
pictures to be formed.
The test equipment will enable
standards to be established on
which the continuing development
of electron-beam recording systems
can be judged.

SPECIAL TEST EQUIPMENT
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Development Program
For Fluid Amplifiers
NINE-MONTH investigation will be
made to develop fluid amplifier elements, circuits and subsystems.
Work will include the fabrication of
digital fluid amplification subsystems such as flip-flops, logical elements and associated circuits.
The contract has been awarded to
Corning Glass Works by Diamond
Ordnance Fuze Laboratories. The
fluid amplification concept uses the
interacting flow of fluids (gas or
liquid) to perform logical and control functions.
Fluid amplifiers

Etching photosensitive glass leaves
channels, chambers and ports for
carrying and controlling fluid flow
in fluid amplifier subsystems

made by the agency are self-contained and have no moving parts.
The contract also calls for fabrication of proportioning amplifiers
for flow, pressure and power amplification. The remainder of the project will involve determining dimensional and operational accuracies
and the redesign of subsystems
where performance indicates that it
is necessary.
Optical fabrication techniques
will be used. A picture of a desired
configuration is imposed on Fotoform (photosensitive) glass, the
image is developed by heat treatment and the exposed portions are
partly or completely etched out.
This approach is said to be particularly useful in making large numbers of interconnected, complex
shapes for miniature fluid amplification systems. Pure fluid systems
can be produced directly from
drawings and photographs without
mechanical tooling.
electronics

vinylidene fluoride resin ...
the new high performance insulating material
Typical properties of 10-mil Kynar insulation
Kynar, the new fluorocarbon resin from Pennsalt
extruded over AWG 24 solid soft copper conductor:
Chemicals, offers an outstanding combination of
Dielectric strength, volts
10,000
properties for electronic applications. Coupled with
Insulation
Resistance,
meg-ohm/M
>1,500
high dielectric strength and resistivity, Kynar offers
Cold bend, 1
2 "
/
dia., 1lb. weight at —70°F, volts
8,000
extreme mechanical strength and toughness, stability
Abrasion Resistance, Janco Tester grade 400
to temperatures ranging from —80 to +300°F, and
alum., inches
50
resistance to severe environmental stresses caused by
Cut through, anvil at 90°, 350 gm. minutes at
280°F
730
weather, radiation and corrosive chemicals. Kynar is
Soldering
test,
flare
back
None
readily extruded to form primary wire
Flammability
self extinguishing
insulation, abrasion-resistant jackets, and
Write for our new brochure and the names
thin wall tubing. And Kynar-insulated
of nearby fabricators who supply Kynar.
hook-up wire withstands the mechanical
Plastics Dept., PENNSALT CHEMICALS
stresses imposed by high speed automatic
ESTABLISHED 1850
CORPORATION, 3Penn Center, Phila. 2, Pa.
wrap and assembly without deterioration.

Pennsalt
Chemicals

May 4, 1962
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COMPONENTS AND MATERIALS

As a first step in the encapsulation process (left), the outer Nouer glass cylinder is sealed to the silicon, and the
0.010-in. diam. tungsten wire, prebeaded and pointed, is brought into contact with the diode. Application of heat
underneath the silicon (right) causes the outer glass cylinder to melt and seal to the glass bead on the tungsten wire,
completing the hermetic seal around the diode

Glass-To-Silicon Seals for Components
POINT TO PROTECTIVE FILMS A FEW MILS THICK

By B. KUNKEL
.T. KOSTELEC
W. W. GAERTNER
CliS Laboratories, Stamford. Conn.
SURFACE PASSIVATION of semiconductor components has made devices considerably more resistant
to ambient conditions but has not
eliminated the need for hermetic
seals.
At present the protective
package occupies a multiple of the
volume of the actual device or the
integrated circuit.
Furthermore,
in devices and functional blocks
intended for high-frequency operation, the package usually introduces capacitances comparable to
or exceeding those of the device
itself.

Sealing Process
One possible solution to this
problem is a glass-to-silicon sealing process which actually uses the
silicon substrate wafer as part of
the package and encloses hermetically only the p-n junctions on the
active side of the wafer. This idea
has been tested at CBS Laboratories by making surface passivatecl switching diodes (see diagram p 58).
N-type silicon is first doped with
56

phosphor to insure a good ohmic
contact at the base of the diode and
to lower the series resistance of
the device. Then the silicon slice
is lapped on one side to appropriate
thickness and polished.
The silicon is oxidized and 4-mil diam
holes are etched into the oxide by
photographic techniques, so that the
silicon is exposed in these etched
areas. P-type dopant is diffused into
the small areas, while the rest of the
surface is protected by the silicondioxide layer. A special diffusion is
also carried out to obtain the fast
reverse-recovery
times
expected
from these devices.
The glass-to-silicon sealing process at CBS is as follows:
The silicon dice is placed on a
heating ribbon and aglass cylinder,
Nonex 7720, whose thermal expansion coefficient matches that of silicon, is positioned around the diffused area of the diode and sealed
through the thin silicon dioxide
onto the silicon. After cooling, a
tungsten point, beaded with Nonex
glass, is brought into contact with
the diode and heat is applied again,
sealing the bead around the tungsten lead to the Nonex cylinder.
Thus, the final bond consists of a

glass-to-glass seal. It is also possible to perform the glass-to-silicon
and glass-to-glass sealing operation in one step.
Smaller Packages Seen
The encapsulated diode is approximately 0.04-in, in diameter
and about 0.025-in. high. Considerably smaller packages are possible.
The volume enclosed by the glass
and by the surface-passivated diode
may contain an atmosphere of dry
gas; or the glass may be a solid
mass hermetically-sealed to silicon
with no air or gas volume between
the enclosure and semiconductor
surface.
The sealing technique yields
about 80 per cent good diodes by
adhering to special precautions of
cleanliness that avoids diode contamination.
A satisfactory sealing schedule
of 900 deg C for
minute was determined, but longer times could
be used if necessary. Temperatures
higher than 900 deg C. tend to
produce diodes with linkage paths
across the junction.
Good encapsulated diodes depend
upon the wire metal and type of
glass used. Tungsten wire seems
electronics
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NEW
Electronic Measurements Constant-Current Power Supplies
were designed specifically for constantcurrent

output.

In

this respect, they
offer advantages in

CONSTANT-CURRENT
POWER SUPPLIES
offer all these exclusive features:*
1 Constant-current from less than 0.5 microampere up to 3 A.
2 Models to 1500 V DC compliance.

the field of semicon-

3 Voltage-limiting control to limit compliance.

ductor

4 Remotely programmable.

work

that

can't be matched by
conversions of con-

5 Modulation input ... power supply can also be used as general purpose or operational amplifier.

stant -voltage (volt-

*BRIEF SPECIFICATIONS

age-regulated) power
supplies...
Ask for Specification Sheet 3072C for
all the facts.

MODEL

MIN.
C612A
C631A
*C638A
C624A
C632A
C636A
C629A
C633A
C620A
C621A
C613A
C614A
*C628A
*C630A
*C625A
.:.Œ26A
*C615A
*C618A

tVOI TAGE
COMPLIANCE AT

CURRENT RANGE

‘_

1 µa
1 µa
0.5 µa
2.2 µa
2.2 pa
2.2 µa
2.2 µa
2.2 µa
5 µa
5 pa
10 µa
10 µa
10 µa
10 µa
22 µa
22 µa
22 pa
22 µa

MAX.
100 ma.
100 ma.
100 ma.
220 ma.
220 ma.
220 ma.
300 ma.
300 ma.
500 ma.
500 ma.
1 AMP
1 AMP
1 AMP
1 AMP
2 AMP
2 AMP
3 AMP
3 AMP

MAX. I

MIN. I

260
420
2100
260
420
735
205
420
110
160
115
170
215
280
150
190
125
170

100
300
1500
100
300
600
150
300
50
100
50
100
150
200
75
100
50
100

V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V

V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V

* Voltage limiting control standard. Optional on all other models.
t For current vs. voltage compliance curves, request Specification Sheet 3072C.
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.„—TUNGSTEN
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"Diamond H" Series W
Gives You

More Relay
... 25 amps!

ISer'ne"

WIRE

./

SiO2

Cross section of a planar surfacepassi voted silicon p-n diode, hermetically encapsulated by a glassto-silicon seal

THE HART MEG. CO.
HARTFORD, CONN.

RELAY

CAT. NO.

Wit 5A4-I83
COIL 115VAC
LOAD 25A. 240 V. AC. RES,
120-2H.P.140V,A.C.5D,E:CYc.

More Circuits!
TYPE

DIAGRAM
—'."--

3PDTA
OPOTA
SPDT/C
DPOT/C

4,...
---

SPST/NO
OPST/NO
SPST/NC
OPST/NC

t 7..±::

..
—Z+U
L.:4Z

CODE
t

t

t 7.4-Z

—7-4
—.—

1

t---Ex-

—.2—!
=.

_,.__

t

......i_._. t_},..

Z

az
C
2

C

If
25

.

y
2Y

a-c or d-c Units aval able

More Plug-In Relays
... in less space!

ab'

RELAY

For more
complete information on Series W
general-purpose Relays, write
for Bulletin WU-09 which gives complete data, specifications, applications
and illustrations.

The

HART

Manufacturing Company
202 Bartholomew Avenue
Hartford 2, Connecticut
Phone: JAckson 5-3491

58

CIRCLE 58 ON READER SERVICE CARD

to be superior to Kovar, and Nonex
glass seems superior to number
7052 Kovar sealing glass.
A helium leak detector with a
sensitivity of 10 -'" atmosphere cc/
sec ascertained the hermeticity of
the seal.
Mechanical strength of
the seal was determined by pulling
the seal apart and noting whether
the silicon adhered to the glass or
broke away from it.
In a good
seal, the point of bonding remains
intact and the silicon itself fractures, indicating that the seal was
stronger than the silicon.
The point contact to the diode is
generally satisfactory, since the
surface is highly doped and thus
highly conducting. If a further reduction in contact resistance and
the resulting increase in forward
current are desired, a silicon-platinum eutectic can be formed on
the p region of the diode, to which
a very low resistance pressure or
thermocompression bonding contact
can be macle. The contact to the
highly doped n-type base of the
diode can be made by pressure or by
a low-temperature alloy such as
silicon-gold eutectic. If proper precautions are taken during sealing,
the reverse current characteristics
are hardly affected. The IR at —10
is still in the low nano-ampere
range and the breakdown voltage is
still essentially unaltered, in our
case above 40 volts.
Measurements show that if the
capacitance of unsealed units is
approx. 1.1 pF at y = zero volts,
the capacitance of the sealed units
is about the same or has increased
to not more than 1.25 pF. This is,
of course, important in fast switching diodes. Some very low capacitance diodes were measured before
and after sealing and found
to
have an unchanging capacitance
during sealing.
Any capacitance
change is usually associated with

an increase in the reverse current.
If the diodes deteriorate, etching
usually
restores
their
original
characteristics,
indicating
that
contamination is only at the surface.
The glass seal will eventually
be made as an enclosure a few mils
above the surface. Also an attempt
will be made to integrate the glassto-silicon
sealing process
more
closely with the diffusion and alloying processes of the actual device
fabrication.
Programs have been started to
extend the glass-to-silicon hermetic
sealing process to the following
structures:
(1). A wire feed through into a
semiconductor wafer using glass
as an insulator. This will make it
possible to use the semiconductor
wafers themselves as multilead
headers.
(2). A transistor enclosure containing two wire feedthroughs in
the glass top.
(3). A structure where a thin
layer of glass is wiped onto the
hot silicon surface.
This is accomplished by heating the silicon
touching it with a thin piece of
glass and sliding the latter over
the surface, leaving a smooth thin
layer which hermetically seals the
junctions and can be used as a substrate for passive circuit components.
The authors acknowledge the
early experimental work on this
process and informative discussions
with Raymond Heck of CBS Laboratories.

Metal Imperfections Found
To Occur At Surface
in the strength,
plasticity and fatigue life of metals
may be produced by removing layers of atoms at the materials' surface.
Irvin R. Kramer, principal scientist at Martin's Space Systems Division finds that the removal of surface layers of atoms results in
marked changes in the structural
characteristics of metals.
The Martin metallurgist has been
studying the effects of environment
on the surface of metals.
Imperfections, called dislocations
were found to collect in a submicroscopic layer.
DRAMATIC CHANGES

electronics

PRECISION COMPUTING RESOLVERS
for

Cascaded Resolver Systems
SIZE

8

FEEDBACK

WINDING

RESOLVERS

These resolvers are designed for

and axis perpendicularity errors of

and

use with transistorized "booster"

-±-5' max. In combination with the

1.0000 -1..0005. The residual null

amplifiers in cascaded chains.

CPPC

Chains of precision size 8, windjog compensated resolvers accu-

loop phase shift is 0.00° ±-0.01°

voltage is 1 mv/v max. over 3
range of 10V, 400 —.

RESOLVERAMP, tie closed

the

transformation

ratio

is

retely solve the trigonometry of
aordinate translation, rotation and
=version.
A chain of five resolvers is typically employed to solve for an un
mown side and angle of oblique
tpherical triangles.
Individual resolvers exhibit func:ional errors of less than 0.1%

SIZE 11 "BOOSTERLESS" RESOLVERS
FOR SERVICE IN REVERSIBLE CHAINS

SIZE 11 RESOLVER TRIMMED FOR
ZERO PHASE SHIFT CONTAINS ALL
COMPENSATION IN 21
4 " LENGTH
/

The frame of these size 11 computing resolvers also
houses a matching transformer which simulates

The YZC-11-E-1 precision
computing resolver has been

a pair of resolver windings at maximum coupling.

RESOLVER

,. JI

iétt.

rft

t

.-""enne"'
.
.
,..;„.„„,..
.,,,e ,
.e

e

Ir

9

In a reversible chain of alternately intercon-

developed for use in a cas-

nected resolvers (only partially diagrammed), the
excitation may be applied to either end of the

caded, amplifierless resolver
system at 900—.

chain and the outputs taken from the other end.
Quick disconnect allows ease in harnessing.
Accuracy: -.±5' of arc or less; winding perp.
Electrical characteristics: Input to EITHER rotor
or stator. Input voltage 115v 1600 —; output
voltage 110v with either stator or rotor as primary;
phase shift (stator
r:54
primary) 1.1°; phase
shift (rotor primary)
1.9°; Zso (nom.)
990 + j13500; Zro
(nom.) 1150
j13500.

'3

R4 721

Re

RS

:RESOLVER
¡PPE

F-I

been

PAT. PEND

,30

ePPe
'SION PRODUCI5 CO. -

under temperature, when
working into their iterative
impedance.
Accuracy: Functional error
.1% or less; winding perp.
-±. 5'.
tics:

r- :"S,

units have

trimmed to provide zero phase
shift and compensated for
transformation ratio stability,

a 4.

S3 feren
S1

These

_Mr»

Electrical
Input

characteris-

voltage

(stator)

40v900 —; output voltage
(rotor) 33.2v; phase shift 0;
max. null voltage 1 mv/v.
Also ready for delivery is
an equivalent, compatible
pancake resolver. By its use,
differential information from
an inertial platform may be
obtained and introduced into
•%,

CI le CLIFTON

the system.

PRECISION PRODUCTS Co., INC.

CLIFTON

HEIGHTS.

PENNSYLVANIA

Sales Dept.: 5050 State Rd., Drexel Hill, Pa., MAdison 24000, TWX LNSOWN 1122(11)—or our Representatives
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PRODUCTION TECHNIQUES

Electron Beams Weld Ceramics and Metals
By TOM MAGUIRE
New England Editor

of electron
beams to the direct fusion welding
of ceramics and to microwelding
circuit packages presents new construction possibilities for power
tubes and microelectronic modules.
At the Fourth Electron Beam
Symposium, sponsored by Alloyd
Electronics Corp., preliminary work
BOSTON—Application

was reported on joining ceramic
materials to themselves and to
metals. H. A. Hokanson, S. L.
Rogers and W. I. Kern of Hamilton
Standard said structurally sound,
vacuum-tight alumina welds were
produced with precise controllability and extreme cleanliness.
The technique may allow fuller
use of ceramic materials in power
tubes and for microwave windows,
and in other areas where high di-

Optical viewing system permits operator to sight down path of electron
beam to line it up with spot he wants to weld and to allow observation of
the weld as it is made

In end-weld or "rivet" process for
cordwood package, component leads
are fed through holes in a metallized substrate, with the leads
trimmed close to the substrate
60

In Signal Corps microminiature
program, 20 ribbon wires located
on 25-mil centers are welded to 10
wafers located on 50-mil centers,
forming 800 welds per sq in.

electric strength and high-temperature properties are desirable. Electrop beam welding will minimize
many of the difficulties associated
with brazing ceramics, the symposium was told.
Equipment used was a HamiltonZeiss high-power-density electron
beam welding machine rated at 3
Kw, with accelerating potentials to
150 Kv negative and beam currents
to 20 ma. Beam spot size can be
controlled by electromagnetic focusing to a diameter of less than 0.010
in. The optics allow the workpiece
to be viewed coaxially with the electron beam, at magnifications of 20
or 30 power, so the exact location
of beam impact point and the joint
itself are seen, as well as formation
of the weld.
For both edge and butt welds of
alumina sections, the major factors
controlling weld quality are accelerating voltage, beam current, welding speed, preheating temperature,
and cooling rate after welding.
Relatively high voltage (90 Kv.),
low current (2 ma) beams gave the
most satisfactory welds. Low speeds
(15 inches per minute or less) produce a glassy structure in 96 percent alumina; flexural tests indicate that glassy structures are relatively weak. Advantage of higher
welding speed (30 ipm )appears to
result from the decreased time the
weld zone is above the 1,800 F preheat temperature. The necessity for
preheating and controlled cooling
was apparent from early results.
Without preheating, welds invariably showed evidence of cracking.
Similar methods were used to
produce crack-free welds of 96 percent alumina to tungsten, to molybdenum, and to columbium. Molybdenum feed-throughs have been
welded into alumina for electrontube support rods. Leak-tight welds
are accomplished by moving the
beam around the base of the 0.040in. diameter pins. Optical viewing
is used to locate the circular beam
directly over the pins.
Advances in electron beam welding have also provided a joining
electronics
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SUPERCONDUCTING
SOLENOIDS
EVER OFFERED
ARE NOW
AVAILABLE
Fnel”

MAGNION

• Fields from 6 to 60 kilogauss

isec per bit

• Working volumes at liquid helium
or room temperature

I Automatic Zero Stabilization

• Absolute field stability

Texas Instruments Model 834 Analog-Digital Converter is
a versatile, all solid state instrument combining high speed with
high accuracy. Basic speed is 25 microseconds per conversion
(40,000 12 bit conversions per second) ;accuracy is -±0.05% of
full scale, ±-1/
2 the least significant bit. The instrument provides
full scale ranges of ±-2.5, ±-5.0, and ±-10.0 volts with an input
impedance of 200,000 ohms. Modular construction allows modification of output logic levels and digital code to suit various
system requirements.

• Zero field sustaining power
• Over 50 standard solenoids
• Specials available such as Helmholtz
pairs with field uniformities of one
part in 10 5 or better within the
working volume.
• Proven — now operating in the field
P•MUIRIFt0,
N7

Write for complete information.
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Good
parts
work
best!

CRYOFLUX — A complete system for operating
superconducting magnets at 4.2°K and lower
temperatures.

Intermediate
Frequency
Transformer

I
FT

The high standards of MITSUMI electronic

POLYVARICON

components

Variable

are

insured

by a fully-auto-

mated assembly system, and double-checked
by rigid quality controls.
Company is Japan's
of components

for

Mitsumi Electric
television

ALBA NY sT REEF

INC.

\ CAMBRIDGE 39, MASS.

Please send me complete specifications and prices on
D SUPERCONDUCTING SOLENOIDS
• CRYOFLUX
O HYPERFLUX — Ultra-High Field Capacitor

Capacitor

largest manufacturer
radio,

195

D

Powered Magnet.
Peak fields of 600 kilogauss, with a Imillisecond duration over
480 kilogauss. can be obtained in aworking volume IInch
In diameter by IN inches long.

PLASMAFLUX —

Modular Air Core Solenoid System.
This rugged, versatile, precision magnet system is designed
primarily lor a broad spectrum of plasma physics experiments.

• UNIFLUX —

High Homogeneity Laboratory Iron Core
Electromagnets. Complete flexibility of gap geometry is easily
achieved with the Undlux, since self.aligning spacers can be
inserted into the outer return trame.

and

communications equipment.
NAME

MITSUMI PARTS
MITSUMI

ELECTRIC

Komae,

Kltatama,

CO.,

TITLE
COMPANY
ADDRESS

LTD.
When the problem is magnets ...Me solution is Manion

Tokyo
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INSULATOR
AIR INLET
VALVE
FILAMENT
GRID CUP
ANODE
COLUMN VALVE
DIAPHRAGM
OPTICAL
VIEWING
SYSTEM

BYPASS
VALVE

MAGNETIC
LENS ASSEMBLY-4

Gold and Kopar leads welded to
0.0002 in. nickel
GI! n is mounted outside work
cha nu ber in Hamilton-Zeiss highnoire r-density electron beam weld11 machine

ORIGIN Diffused Junction

SILICON DIODES
Stable

Low Leakage

Economical

These Origin silicon diodes offer the
stable performance, uniformity and
long life characteristic of the diffused
junction technique. Each is resin encapsulated for reliable shock and humidity protection.And, each type shown
is available in four models for P1V of 400,
600, 800 and 1000 volts, and corresponding maximum AC input voltages
(RMS) of 280, 420, 560, and 700 volts.
The maximum reverse leakage current
(at Ply, 25°C. ambient) is less than
10,aA. Maximum average rectified current (single phase, half-wave) is 150mA
for the SM-150, 500mA for the SE-0 5,
and 1.5A for the SE-1.5. Surge current
(for 1cycle) is respectively 10A, 16A,
and 20A. Ambient temperature operating range is —55 to +130°C for
the SM-150 and SE-1.5, and —55 to
+100 °Cfor the SE-0 5. For the highest reliability silicon diodes at the
most economical prices buy Origin.
Write for specifications and prices.

ORIGIN

ELECTRIC COMPANY, LTD.
1.195. Takadaminami-cho, Toshima-ku, Tokyo, Japan
CABLE ADDRESS: ORIGINELE TOKYO
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tool for electronic packages. F. R.
Schollhammer of Hamilton Standard outlined work on three design
approaches: the cordwood concept,
micro-element
welding
or
the
module concept, and interconnections for thin film and solid circuits.
As a result of the experimental
program. Hamilton Standard will
soon market a combination microwelding and cutting machine. In
addition to using electron beam
welding for fabricating electronic
packages, it will cut and drill precise miniature patterns in most
metals and ceramics.
The cordwood concept involves
use of end welding or the "rivet"
process. The component leads are
fed through holes in a metallized
substrate with the leads trimmed
close to the substrate. To form the
welded joint, the electron beam is
impinged axially upon the end of
the lead, causing the lead to melt
and join to the metallized surface,
thus forming a rivet-like cap over
the feed-through hole.
The tier concept represents a
variation of the cordwood package.
As with the end-weld technique,
metallized substrates are used for
component termination. The components are arranged so they extend
approximately to the substrate rails
or supporting strips. The leads are
then welded to the rails by deflecting the beam over the ends of the
leads.
In a microminiature program
sponsored by the Signal Corps,
Hamilton Standard experimented
with welded electrical connections
having a termination density order
of magnitude greater than that ob-

WELDING
CHAMBER

WORK PIECE

DEFLECTION COIL

TO
—VACUUM
SYSTEM

tamed with solder joints. Initially,
2 x 10-mil copper ribbons were
welded
to
metallized
ceramic
wafers. The program has been extended to welding conductor ribbons to multiple wafers. A termination density of 1,600 welds per
square inch is required and this
has been accomplished in part by
welding 20 ribbon wires, located on
25-mil centers, to 10 wafers (0.03
in. thick) located on 50-mil centers,
thus forming an initial termination
density of 800 welds per sq. inch. To
achieve the 1.600 terminations per
sq. in., 0.01-inch thick alumina
wafers will be located on 25-mil centers. Copper wire spaced on 25mil centers will then be welded to
the metallized wafers to form the
required termination density. Prior
to completing this phase, interconnections will be completed on all
four surfaces of the module cube,
producing atotal of 800 connections
for a wafer module assembly of
approximately 0.6 x 0.6 x 0.25 in.
Weld reliability being demonstrated
in the Signal Corps contract is a
minimum pull strength value of 220
grams in 100.000 welds, and a weld
resistance no greater than 1 milliohm in 100,000 welds.
Among typical interconnection
welds in the experimental program
are: gold and Kovar tabs of 1-mil
thickness welded to copper plate
electroplated with a gold deposition; Kovar and gold leads of 0.5mil thickness welded to 0.0002 in.
of nickel plated on 3.000 A of
chromium deposited on quartz;
0.0005-in, gold tabs welded directly
to 2,500 A of gold deposited on
quartz substrate.
electronics

'All systems are go ... reading you loud and cea -!'

Your Project: America's Voice from Space
Your Company: Collins, whose equipment transmitted the voices of Alan Shepherd, Gus Grissom, and John
Glenn, from space. Collins designs, develops, and produces systems essential to every phase of manned space
capsules. Prelaunch ... launch ... flight ... re-entry .... recovery. Collins is- the link between earth and space
in both human and electrical language.
Your Opportunity: Collins is working on avariety of long-range space projects which provide openings for
qualified E.E.'s, M.E.'s, mathematicians, and physicists for development of space communication systems.
Specialists are required with design experience in HF, VHF and UHF equipment, digital communications,
spacecraft antennas, television, radar, modulation techniques, tracking and ranging, information theory, and
ground systems. If you are interested in the challenge of acareer with Collins, contact L. R. Nuss, Collins
Radio Company, Cedar Rapids, Iowa.
an equal opportunity employer

t igs
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NEW PRODUCTS

DESIGN AND APPLICATION
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Portable Frequency Standard Between 10 and 480 Mc
VACUUM FLASK MOUNTED
announced

by

Stancor

Electronics, Inc., 3501 West Addison, Chicago 18, Ill., is the model
SC-1 portable frequency standard
that operates at any ten preselected
frequencies between 10 and 480 Mc
at temperatures between —22 and
+104
F.
The electronics
are
mounted within this 71 x 4 x
inch, 2.6 lb unit, in a compact mechanical rigid assembly suspended
inside a vacuum flask in which the
temperature
is
thermostatically
controlled to precise limits. The
flask in turn is completely encased
within insulating and cushioning
foam. The circuit (see sketch)
consists of a stable oscillator, isolation amplifier, multiplier, diode
mixer and audio amplifier. The frequency of each crystal can be inde-

Solid State Switch
HIGH POWER, LOW LOSS
by Hyletronics Corp.,
185 Cambridge St., Burlington,
Mass., is the model SL5 solid state
switch. For applications over any
10-percent band from 100 to 2,000
Mc, these reactive coaxial transmission line units are used to protect receivers during transmission
from leakage through gaseous or
ferrite duplexers or from reflecINTRODUCED

64

V). the diode is essentially a capacitor of afew picofarads and per-

(0:)

loL
o

RECENTLY

(100 ma and +0.8 v) the diode appears as approximately 1 ohm and
reflects most incident power (B).
With reverse bias (0.2 ma and —30

pendently adjusted over a range
-±250 cps with a fundamental frequency between 10 and 20 Mc. Harmonic output is 20 to 480 Mc. Output voltage at fundamental is minimum 10 mv, 3 mv to 60 Mc, 1 mv
to 120 Mc, 150 yv to 250 Mc and 10
to 480 Mc. The termination is
50 ohms. An r-f signal input of 1
mv will produce an audible beat at
the earphones. Stability is ±-0.1
part/million/day, -±1.0 part/million/week and :_-_3.0 part/million/
month. A companion instrument,
model 102 FM Deviation Meter can
be used to provide visual readout
of carrier deviation from specified
frequency as well as average or peak
modulation deviation.
CIRCLE 301

I

(A)

in forward bias state and 0.3 db
loss in back-bias state. The switches
are in a dielectric filled stripline.
The illustration shows the diode
connected in parallel with 50-ohm
dielectric filled line with no bias
applied (A), with forward bias

DIELECTRIC

(B)

I

CENTER

(C)

CONDUCTOR

mits almost complete transmission
of incident power (C). Broadband
tuning elements optimize performance with insertion loss and bandwidth limited ultimately by Q of
the diode.
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tions due to antenna mismatches.
The units can handle more than 10
Kw peak in the isolating stage and
switches in less than 1 µsec. A
typical unit operates between 1,250
and 1,350 Mc with 30 db isolation

GROUND PLANES i
‘

coa
PRESSURE
INPUT

CODE
WHEEL

Digital Transducer
PHOTOELECTRIC TYPE
ANNOUNCED by Diginamics Corp.,
2525 East Franklin Ave., Minneapolis 6, Minn., are a series of digital transducers used to convert
various analog signals to digital
form. These devices are not susceptible to noise, do not require
sensitive highly-stable amplifiers

electronics

IMMEDIATE

DELIVERY

OF

ALL

TYPES

BY THE LEADER FOR OVER 10 YEARS

ItAyy TERMINAL BOARDS
rlrMJ

Feed-Thru Terminal Block 71812

Gen-Pro mlitary terminal boards are manufactured and
inspected in accordance with latest revision of MIL-T-16784,
BuShips
Dwg.
9000-S6505-B-73214 and BuOrd
Dwg.
564101. Molding compound, per MIL-M-14E assures low
dielectric loss, high insulation resistance, high impact
strength.
NEW MINIATURE TYPES

NOW

174(0

AVAILABLE

orjgc,

Gen-Pro miniature type military terminal boards conform
with Bu Ships Dwg 9000-S6505-B-73214 and other applicable specifications.

Solid Block 171.810

GENERAL

eArtà
rja

WRITE today for new catalog

Miniature

with illustrations & specifications

26TBIO

PRODUCTS

CORPORATION

Over 25 Years of Quality Molding

UNION SPRINGS, NEW YORK

(Csit.1
1,411
CIE/
(NIC

TWX No. 169

Si
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JKFS-1100T
Recognized "STANDARD" of the Industry
Being proven finest by day-in-day-out use in hundreds of installations. Normal output is 1.0 Mc and 500 Kc simultaneously with 1
volt available to 50 oh-n leads. Optional Frequency Divider available on special order with outputs down to .01 PPS. Double proportioral control oven. After aging provides minimum stability of

±5x10'°/DAY

Mallory
Aluminum
Electrolytic
Capacitors
For your products ranging from
home instruments to military
electronics, you can find any
electrolytic capacitor you need
in the Mallory line
.unbeatable for quality, variety and
performance. 83° ratings, MIL
types, subminiatures, wax tubulars. Name it and you can get
it . ..from stock at factory
prices from Mallory Distributors. Write for latest catalog.
Distributor Division
P. 0. Box 1558. Indianapolis 6, Indiana

JKFS-1100T Frequency Standard, and (right) JKFS-1100TP 115 V AC Power Supply
with emergency battery that provides up to 12 hours stand-by power. Optional
7"xl 9' panel available for rack mounting.

MALLORY

Wr te for technical brochure to

THE JAMES KNIGHTS COMPANY, Sandwich, Illinois
CIRCLE 208 ON READER SERVICE CARD
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"WE WILL
BUILD
AROUND
TOP-GRADE
TECHNICAL
TALENT"
E. G. UHL, President,
Fairchild Stratos Corporation

and have an accuracy unaffected
by long transmission or loading.
In a transducer as shown in the
sketch (p 64), digital output is obtained by converting the information input to ashaft rotation within

rupts the light source according
to the pattern of holes in the disk.
Photoelectric cells convert this
light information into digital output signals. Transducers are produced for such analog inputs as
pressure, temperature, flow rate,
shaft position and liquid levels.

the transducer. A code wheel is
placed on the shaft and photo techniques are used to develop the digital output. The code wheel inter-

CIRCLE 303 ON READER SERVICE CARD

•
Can

a simple, straightforward
statement capture the spirit of
acomplex and dynamic situation?
We believe It can.

MAGNETIC MODULATOR AND CHOPPER COMPARISON

•

Reliability

Today, the revitalized divisions
comprising Fairchild Stratos are
not static, crusted organizations.
They are living, growing, achieving forces of human thought and
energy. There is a new and
growing boldness and vision, a
deep personal Involvement, and
a basic sense of "becoming".
Across many disciplines, through
each location, in a sound diversity of important programs, there
are these common hallmarks:
True technical excellence which
comes from talented Individuals
and small elite groups rather
than massive mediocrity.
Involvement of technically insightful management at primary
points of decision, day to day.
Recognition and reward of top
individual contributors who are
challenged and stimulated to
truly professional creativity.
Aggressive program direction,
evaluation and control.

This le Fairchild Stratos. A grow.
ing and dynamic complex of
talented individuals. Fully integrated small-to-medium sized
divisions large enough for major
primes, email enough for stateof-the-art subs. The result is a
whole that is greater than and
different from the sum of Its parte.

If•

Phase
Waveshape Stability

Magnetic
modulator

indefinite
life

sinusoidal

Mech.
chopper

5,000 hrs

square

Transistor
chopper

semiconductor square
reliability

Carrier
Freq.

1°

—100 to + 250C

to 3Kc

—65 to ± 125C

to 100 Kc

—55 to + 125C

15° at
400 cps
5°

Temperature

to 100 Kc

Suppressed Carrier Magnetic Modulator
LOW DISTORTION, LONG LIFE
MANUFACTURED by Transmagnetics
Inc., 40-66 Lawrence St., Flushing
54, N. Y., is the model 220 suppressed carrier magnetic modulator
having 1-percent distortion, 1 degree phase shift and 125 cps signal
bandwidth with 800 cps carrier.

Output is 1 y from this approximately 1 cubic inch, 1Ï oz package.
The above table, supplied by the
manufacturer, compares the magnetic modulator with mechanical
and transistor choppers.

Power Supply

true seventh-order Butterworth response as either highpass or lowpass device and wide, continuously
tunable cutoff range at 42 db-peroctave slope. Lowpass response is
flat to zero frequency (d-c), highpass to 2.5 Mc. Dual-unit package
may also be applied as bandpass,
band rejection, or 84 db/octave
highpass/lowpass filter.

CORP.,
Stanford Industrial
Park, Palo Alto, Calif., offers a
500-5060 y precision power supply
with output current range of 0 to
20 ma.
CARAD
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FAIRCHILD
7- FZ' "Li r
s
HAGERSTOWN

??,

Symbol Generators

ME.

Divisions:
Aircraft-Missiles

UNIVERSAL TYPE

Hagerstown, Md.

Aircraft Service
Saint Augustine, Fla,

Electronic Systems
Wyanclanch, L.I., N.Y.

Stratos
Bay Shore, L.I., N.Y.
Manhattan Beach, Calif.
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Electronic Filter
HAS STEEP CUTOFF
SPECTRUM INSTRUMENTS, INC., Box
61, Steinway Station, L.I.C. 3, N. Y.
Type LH-42 analog filter features

PRODUCTS CORP., 156
Sixth St., Cambridge, Mass. Series
SG universal symbol generators can
convert digital codes into readable
alphanumeric characters at rates
up to 32,000 characters per sec. Up
to 64 characters can be provided in
INFORMATION

electronics

16-character groups. Standard inventory groups include all of the
letters of the alphabet, all numbers
and
all
standard
punctuation
marks. In addition, any special
characters can be provided at no
extra cost. Prices range from
$2,580 to $3,995.
CIRCLE 307 ON READER SERVICE CARD

MISSILE-SPACE

ENGINEERS

SYSTEMS

ENGINEERING

Requires increasingly more responsible experience in depth in
space, reentry vehicle and satellite programs in control systems,
guidance systems, sensor systems, communications systems,
propulsion systems, data systems, computers (airborne), vehicle
systems (reentry and space), recovery systems, command systems, biological and chemical systems.

Plug-in Relays

SYSTEMS

TELEPHONE TYPE
CORP.,

SCIENTISTS

The Aircraft-Missiles Division needs exceptional talent to spearhead accelerated growth into selected,
key aerospace areas such as satellite and reentry systems,
reconnaissance-surveillance systems, communications and power
for space applications, and advanced missile systems. Basic prerequisites include appropriate degree, plus a minimum of three
to four years' applicable experience.
ADVANCED

INTER-MARK

and

80-00

Copper

Ave., Brooklyn 27, N. Y. The Kaco
RC low cost relays are supplied
with matching sockets for plug-in
installation. Four types of contact
arrangements available: spst-no,
dpst-nc, dpst-no and dpdt. Each is
available for operation at coil voltages of 1.2, 2, 4, 6, 12, 24 and 48 v.
Weight is approximately 0.7 oz. Relays are supplied with plastic dust
cover with maximum dimensions of
0.61 by 1.11 by 1.165 in.
CIRCLE 308 ON READER SERVICE CARD

ENGINEERING

Must have had increasingly responsible experience in depth the
last several years of which must have been in systems engineering
in one or more of the following areas—control systems, guidance
systems, sensor systems, communications systems, propulsion
systems, data systems, computers (airborne), vehicle systems
(reentry and space), recovery systems, command systems, operations research activities, applied mathematics.

ELECTRONICS

ENGINEERING

Requires progressively more responsible experience in depth
preferably as related to ballistic missiles, space and reentry
vehicles, satellites and associated systems in such areas as data
systems, radar, telemetry, tracking equipment, sensor equipment, guidance (command and inertial), control, computers,
ground support equipment.

ENGINEERING TECHNOLOGIES
Must have had increasingly more responsible experience demon'Crating ability to handle problems in one or more of the following
areas—heat transfer-fluid flow, orbital mechanics, trajectory
analysis, aerophysics, magneto hydrodynamics, applied
mechanics, aerothermodynamics, space dynamics, numerical
analysis, calculus of variations, statistics and information theory,
materials engineering—metals and non-metals.

DESIGN

ENGINEERING

Requires progressively more responsible and complex subsystem
design experience and demonstrated excellence of capacity in
handling such assignments in one or more of the following areas
—propulsion, servomechanisms, vehicle structures, space power
systems, electrical power and distribution, recovery systems,
ground support equipment and environmental control.
For prompt information regarding these openings, inquire
of C. A. Webb, Jr., Manager, Professional Relations

Antenna Preamplifier
FOR UHF' BAND
LEL. INC., 75 Akron St., Copiague,

N. Y. The TP-7 is a low noise,
fixed-tunable r-f preamplifier operating in the 225 Mc to 400 Mc uhf
band with a nominal bandwidth of
10 Mc. It features excellent gain
stability and a regulated solid
state power supply. Gain is 26 db
May

4,

1962

AIRCRAFT-MISSILES
HAGERSTOWN

D/V/S/ON

23,

MD.

An equal opportunity employer
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min and noise figure 4db max. It is
built in a weatherproof sealed unit,
suitable for mounting directly on
the antenna. Also available as a
rack-mounted unit. Price $995.

ONE
REF
WITI"
ALL
THE
FEAPIIIR
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Servo Amplifier
MODULAR DESIGN
INC., 7833 Haskell Ave.,
Van Nuys, Calif. Model 7-2 is designed to control up to 1 h-p, 2phase, 60-cycle servo motors. Operating temperature range goes
from —30 C to +50 C. Amplifier
employs plug-in p-c boards to
achieve flexibility and ease of repair, adjustment or trouble shooting. With an input impedance of
TEMEC,

10,000 ohms, a power output of 120
y at 20 amp for phase one, and 208
y at 10 amp for phase two, unit
measures 7R by 9.î by 7i in.
CIRCLE 310 ON READER SERVICE CARD

Only in a STANDARD instrument do you get all the features
"most wanted" in an interval timer:
UNEXCELLED PRECISION—Consistent, continuous accuracy over years of use. Accuracy to =.001 second available
in standard models.
INSTANTANEOUS ELECTRIC RESET—A "must" in many
instrument complexes—a plus benefit for all other applications.
PROVEN MECHANISM—Synchronous motor driven—
electric clutch operated. Proved
dependable by years of service.

reliably accurate and

CHOICE OF CONTROL—Start, stop and

reset can be

manual, by electric circuit or output of electronic tubes.
RANGE OF MODELS—Portable or panel mounting—in a
wide selection of accuracies and ranges.
Request Catalog No. 198-B

THE STANDARD ELECTRIC
TIME COMPANY
89 LOGAN ST., SPRINGFIELD, MASS.

Oscillator
FULL TRANSISTOR
STEWART BROTHERS DIVISION of Instrument Laboratories, 315 W. Walton Pl., Chicago 10, Ill. Model TO
uses a special Wein Bridge circuit,
printed circuit wiring and diode
voltage regulation. The 44 in. dial
of 300 deg excursion and 6/1 knob
ratio permit accurate setting of
frequency. Frequency span is 5.5
cps to 600 Kc in 5bands; dial span,
10 to 1; output impedance, 600
ohms—balanced; max output voltage, 5 y into 600 ohms, price, $270.
CIRCLE 311 ON READER SERVICE CARD
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PRODUCT BRIEFS

TRANSFORMER microminiature device. New England Transformer
Co.. 47 McGrath Highway, Somerville, Mass. (312)

in combination with
coupling mechanism. The Deutsch
Co., Municipal Airport, Banning,
Calif. (313)
CONNECTOR

miniaturized units. Bundy Electronics
Corp., 171 Fabyan Place, Newark,
N. J. (314)
FILTERS AND TRANSFORMERS

GROUND

SUPPORT

POWER

SOURCE

features multiple output.
MidEastern Electronics, Inc., Springfield, N. J. (315)
MINIATURE

CERAMIC

arevolutionary
new wire stripper
from

UTICA
Adjustable stop permits stripping of any length up to Y
u"
per stroke.
Cam action dial adjusts strip
diameter to the finest variation.
Plastic handles ...strong,
light, comfortable.

CAPACITORS

axial lead type. Gulton Industries,
Inc., 212 Durham Ave., Metuchen,
N. J. (316)
SINGLE CENTRIFUGAL BLOWERS five
compact models available. McLean
Engineering Laboratories, Princeton, N. J. (317)

features doublefiltered air flow. Specialties, Inc.,
Skunks Misery Road, Syosset, L. I.,
N. Y. (318)

DUST-FREE CABINET

SHIFT REGISTER MODULE 5 Mc, fourstage unit.
Harvey-Wells Electronics, Inc., 14 Huron Drive,
Natick, Mass. (319)

high isolation,
low insertion loss. Micro-Radionics,
Inc., 14844 Oxnard St., Van Nuys,
Calif. (320)
FERRITE

SWITCHES

Strip fast and clean! Eliminate
nicking! Reduce insulation marking
to aminimum! Handle any wire size
from 12 to #26 ... and do it all with
Stripwright" ... Utica's revolutionary
new wire stripper. This versatile,
lightweight tool with sturdy plastic

solid state design. RHG Electronics Laboratory,
Inc., 94 :11 ilbar Blvd., Farmingdale,
N. Y. (321)
WIDEBAND AMPLIFIER

BEACON
RECEIVER
self
powered, low current drain. Fran
Air Products, P. 0. Box 478, Pawtucket, R. I. (322)
MARKER

solid
state instrument. Quindar Electronics,
Inc., 5 Lawrence St.,
Bloomfield, N. J. (323)

pistol grips, is engineered for
efficiency and speed. And Stripwright
is designed to the same high standards of quality as all other Utica
tools. Thousands are now in service.
Write for complete information.

AUDIO COMPRESSOR AMPLIFIER

Y-CIRCULATOR for microwave system application. Ferrotec

FERRITE
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Utica Tool Division,
Kelsey-Hayes Company, Utica 4, N. Y.

tools

the

experts

use!
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RUG

Honeywell's sealed, ruggedized panel instruments are about as
tough as meters can get. They shrug off all kinds of shocks,
vibrations, stresses and strains. They're immune to dust, moisture and ordinarily troublesome climatic and atmospheric
conditions. They're not affected by magnetic panels because of
the special plated steel case. • A three-point rubber mounting
cushions internal shock. New fastening techniques and materials prevent magnet fracture, increase shear resistance, and
minimize whipping and collision between the dial and pointer
assembly. High torque-to-weight ratios permit larger radius
pivots and reduce the load on bearings. Special beryllium
copper hairsprings reduce zero shift, raise the fatigue point,
and reduce deformation. • For a catalog describing the full line
of Honeywell meters (including ruggedized models) write to
Honeywell Precision Meters, Manchester, New Hampshire.
HS22 (2',4 inch sealed. ruggedlied meter) Illustrated. Brait to conform to MIL.M.)030413

Inc., 217 California St., Newton 58,
Mass. (324)
for 30-100 megacycles. Centimag Electronics, 312 E.
Imperial Highway, El Segundo,
Calif. (325)

R-F CONVERTERS

rated 47 ged to
100,000 pef. U. S. Capacitor Corp.,
8917 Melrose Ave., Los Angeles 69,
Calif. (326)

CERAMIC CAPACITOR

INVAR ALLOY TUBING designed for
microwave cavities. The Carpenter
Steel Co., 101 W. Bern St., Reading, Pa. (327)
A-C SUPPLY two models
available. Plastic Capacitors, Inc.,
2620 N. Clybourn Ave., Chicago 14,
Ill. (328)
VARIABLE

leakproof. Temperature Engineering
Corp., One Tempcor Blvd., Riverton, N. J. (329)

RADIO-FREQUENCY ENCLOSURES

features widebandwidth. Quantatron, Inc., 2500
Colorado Ave., Santa Monica, Calif.
(330)

FERRITE CIRCULATOR

INTEGRATED COLOR SYSTEM photoelectronic. PEI Systems Inc., 410
E. State St., Ontario, Calif. (331)
CRYSTAL DETECTOR MOUNT inexpensive. Hycon Mfg. Co., 700 Royal
Oaks Dr., Monrovia, Calif. (332)
PULSED SAWTOOTH GENERATOR for
chirp technique. Alfred Electronics,
Porter Dr., Palo Alto, Calif. (333)

optional input. Fae
Instrument Corp., 16 Norden Lane,
Huntington Sta., L.I., N.Y. (334)

FLANGE SHAFT

ANTENNA 225 to 500 Mc.
Temec, Inc., 7833 Haskell Ave.,
Van Nuys, Calif. (335)

DISCONE

SPEED TIP for plastic welding. Laramy Products Co., Inc., 220 Beechwood St., Cohasset, Mass. (336)
EQUALIZERS for a-f range.
CircuitDyne Corp., 480 Mermaid
St., Laguna Beach, Calif. (337)

DELAY

where electronics meets the eye"

Honeywell
H PAeziget,i'ne470
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STEATITE

INSULATING

TERMINALS

low-voltage.
Ceramaseal,
New Lebanon Center, N. Y.

Inc.,
(338)

DRY REED SWITCH d-t unit. Hamlin,
Inc., Lake Mills, Wisc. (339)

electronics

Literature
of the Week

When your circuit demands
steep-skirted selectivity ...
SPECIFY

Raytheon Co., Lexington 73, Mass., offers a brochure on ground support

GROUND SUPPORT EQUIPMENT

Collins Mechanical Filters

equipment and capabilities. (340)

Operational guidance for buyers

COUPLERS
Microwave Development
Laboratories,
Inc., 15 Strathmore, Natick, Mass.
Catalog covers broad-wall multi-

That's what your 1961 electronics

hole directional couplers.

Buyers' Guide and Reference Issue
gives you ...this year more than
ever before.

BEAM

DIRECTIONAL

Your EBG is bigger and better
this year than ever ...and more
helpful than ever ... with more new
exclusive features than ever. Keep
it close at hand, you'll find it's useful day in and day out.
electronics
BUYERS' GUIDE
and Reference Issue
The Basic Buying Guide
in Electronics di,sce 1941

POWER

PENTODE

(3.11)
AmpereX

Electronic Corp., 230 Duffy Ave.,
Hicksville, L. I., N. Y., offers a
technical booklet on Cavitrap plate
tube type 6GB5.

(342)

Ensco. Inc., 275
Massachusetts Ave., Cambridge 39,
Mass., announces a brochure on
its pcm/video quick-look ground

GROUND STATION

station, model PCG6.

(343)

Alfax Paper and
Engineering Co. Inc., Alden Research Center, Westboro, Mass.

RECORDING PAPER

Only Coffins mechanical filters provide
steep-skirted selectivity approaching the theoretically-perfect. This selectivity comes from aseries
of resonating dime-size nickel-alloy discs with Os
of 8,000 to 12,000 ... up to 150 times more than
conventional filter elements. Collins mechanical
filters are packaged in cases as small as 1
/ cubic
4
inch. They're electrically and mechanically stable
and don't age, break down, or drift as aresult of
extreme temperature or long, continuous service.
Frequency shift, for example, can he held between
1.5 and 2ppm/°C over a-25°C to +85°C range.

Booklet describes type A2 electrosensitive recording paper for commercial facsimile, industrial scientific data recording uses. (344)
METERS
Assembly Products, Inc., Chesterland, O. Highly
accurate indicating panel meters
are covered in bulletin 30. (345)
PANEL

electronics
Editorial
Opportunity

liklehimimmumm
DISPLAY STORAGE TUBES

IT DOESN'T HAPPEN OFTEN,
but electronics, "bible of the industry" and a McGraw-Hill publication, has an opening fcr an
Assistant Editor.

tional

Telephone

Corp., 3700

E.

and

InternaTelegraph

Pontiac St.,

Fort

Wayne, Ind. An 8-page brochure
defines storage tubes, lists specifications l'or 12 types. (316)

Ideally, the man we are looking for and to whom a post on
our New York

staff could

be a

long-term challenge, would have
an electrical engineering degree
or technical equivalent, practical
experience

in

demonstrated

our

field

cnd

a

aptitude

for edit-

ing, writing, reporting.

He prob-

ably

lives

somewhere

in

the

metropolitan area and therefore

ENVIRONMENTAL TEST CAPABILITIES

Acton Laboratories. Inc., 533 Main
St., Acton, Mass. A 6-page folder
illustrates and describes facilities
of the firm's Environmental Test
division. (347)
KearfOLL Division,
General Precision, Inc., 1150 Mc-

SERVO MOTORS

would have no relocation prob-

Bride Ave., Little Falls, N. J., has

lem.

published a 16-page condensed catalog of its servo motors. (348)

Write The Editor, electronics,
330 W. 42nd St., New York 36,
stating
and

experience,

past

envelope

aspi-ations

earnings.

will be kept that way.
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"Confidential"
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Abb. You can select center frequencies
from 60 to 600 kc with awide choice of
bandwidths and case styles. All filters
display shape factors (ratio of 60db bandwidth to 6 db bandwidth) of 2 to 1or
less, and have minimum ripple and low
transmission loss. And filters with new
ferrite transducers show flatter passband
response, even lower transmission loss
and greater physical strength for missile
and other demanding applications.
More than 100 standard types of
mechanical filters arc already catalogued, and the only mechanical filter
design group in the industry is ready
to help you with special filtering
requirements. Write today for Data
File 202 — Collins Radio Company,
Components Division, 19700 San
Joaquin Road, Newport Beach,
California.
CONTACT

Arthur Ansley
Mfg. Co., New Hope, Pa., has pub-

PRINTED CIRCUITS

lished

a 12-page booklet

entitled

COLLINS

"Military Specifications On Printed
Circuits." (319)
CIRCLE 71

ON READER SERVICE CARD
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PEOPLE AND PLANTS

ment by a committee of TI technical management.
Andrychuk heads the physical
methods section of the Materials
Research Laboratory.
Jones is the technology consultant in the Semiconductor Research
Laboratory.
Walters heads magnetic resonance research within the Physics
Research Laboratory.

General Radio
Elects Directors

Dmetro Andrychuk

Morton E. Jones

King Walters

TWO new directors have been elected
to the board of the General Radio
Co., West Concord, Mass.:
Ivan G. Easton, vice president for

engineering, and Harold M. Wilson,
vice president for manufacturing.

TI Names Three Senior Scientists
INSTRUMENTS INC., Dallas,
Texas, has established the new position of senior scientist to recognize the achievements and essential
role of its outstanding scientists
and has selected three members of
its technical staff as first appointees.
They are: Dmetro Andrychuk,
TEXAS

Morton E. Jones and King Walters.
The position is designed for scientists who, by personal choice or
company request, remain in and are
particularly successful in work
which is primarily technical rather
than managerial, the company announced. Appointment is by invitation and based on unanimous judg-

Hathaway Heads Up
New Company

Dearborn Begins Plant Expansion

until his retirement five years president of
Denver's
Hathaway
Instrument
Co., has announced formation of
Western Electrodynamics Co. in
Colorado Springs, Colo., initially a
30,000 sq ft plant which will employ
100 upon completion in mid-1962.
The new corporation was formed
for precision production of measuring and testing equipment for the
public utility industry, transportation industry, and laboratory market.
CLAUDE M. HATHAWAY,

Zenith Constructing
$7 Million Plant
RADIO CORP., Chicago, Ill.,
recently broke ground for a new
plant to be constructed at a cost of
more than $7 million on a 28-acre
tract just south of its main plant.
The 725,000 sq ft structure will
permit rearrangement of existing
ZENITH

Further expansion of Dearborn Electronic Laboratories, Inc., components
manufacturer in Orlando, Fla., will more than double its existing facilities,
according to Raymond J. Simpson, president. Construction of the addition
has begun and it is anticipated that the firm will occupy the new area
(heavy solid white lines in the photo) in August of this year. Full production of the entire new plant will be underway by October. There will be
no interruption of operations of the existing facilities
72
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SOLVE YOUR
DELAY LINE PROBLEMS
FAST!

Wee Lines are unique sect ionaL custom-fabricated
delay lines shipped from the factory to you 24
hours after the order is received. Do away with
costly waiting for other types of delay lines. Save
time, money and still achieve extra high perform.
truce. Design with sectionalized Wee Lines. Available with delay times of 10 nanoseconds to 100
nanoseconds in 10 nanosecond increments. Sections
are also available with 200 nanoseconds delay.

You
won't

For complete descriptive literature, write to Dept.
\V L- II, or phone 464-9300.

get

N'tevàtosercr.r. INC.

lost

550 SPRINGFIELD AVENUE. BERKELEY HEIGHTS. N. J.
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in
the
shuffle

at Eimac.
As a Jevelopment engineer at Eimac you follow each
projec: through from start to finish. You are consulted
on customer requirements and applications. You conduct
feasibility studies and have complete device development responsibility. You deal directly with engineering
management — no complicated chains of command.
You're an individual, recognized for your achievements.
And at your command are three specialized tube development labs and model shops, each one concentrating

How to grow a beard...
Sit back and wait for your copy on that routing list.
Okay if you like beards. Dtherwise, look in this issue
for the Reader Service Card. Fill in the "for subscriptions" section. Mail. Only 71
2
/
cents a week.

electronics
AMcGraw-Hill
May 4,

1962

on a specific area: high power microwave, microwave
and power grid. If you are interested and have relative
experrence, we'd like to tell you more.
No resume necessary. Just write to:
Mr. C. F. Gieseler, Department
B,
Eitel McCullough, Inc., San Carlos,
Calif. An equal opportunity employer,

re)

Publicatior, 330 West 42nd St., N. Y. 36
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facilities to provide for expansion

You get

Continuing Assistance
WITH YOUR TEKTRONIX EQUIPMENT

of research, engineering and manufacturing operations.
The manufacturing and warehousing areas of the new building
are expected to be completed late
this year. Construction of the administrative section is scheduled
for completion by the summer of
1963.

Cook Electric Co.
Appoints Nail
COOK ELECTRIC CO., Chicago, Ill., has

appointed James J. Nail as division
manager of its NRK Microwave Division. NRK, a recent acquisition
of the company, is actively engaged
in the design and manufacture of
microwave antennas used in radar
equipment both for industry and

20 Repair Centers for Oscilloscope Maintenance
You get prompt help from your nearby Tektronix Field Engineer. He is Tektronix
in your area, and he offers you comprehensive field services covering every
aspect of your instrument-maintenance needs.

military.
Prior to the acquisition, Nail
was chief engineer and later vice
president of NRK.

Talk to him about your needs.
He will know the ways and means to most effectively solve any maintenance
problem you may encounter with your Tektronix equipment.
Your Tektronix Field Engineer can help you in many ways .. .with additional
training in calibration methods ...with replacement parts for present equip.
ment ... with factory modifications in older equipment
with instrument maintenance at repair centers ... with loaner instruments in special instances ...
Or, you may want to take advantage of the periodic maintenance program provided by the Repair Centers.
In this program, your Tektronix Field Engineer schedules your equipment through
the fully-equipped faciiities—and experienced Tektronix Maintenance Engineers
perform the work requested in the shortest possible time.
So, call your Tektronix Field Engineer when you need him.
Your selection of Tektronix equipment entitles you to his services—and through
continuing assistance, he can help you maintain the inherent capabilities in your
Tektronix oscilloscopes and associated instruments.

Tektronix, Inc.
P. 0. BOX 500 •BEAVERTON, OREGON

/ Mitchell 4-0161 •TWX—BEAV 311 •Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. • Atlanta, Ga. • Baltimore (Towson) Md. • Boston (Lexington)
Mass. • Buffalo, N.Y. •Chicago (Park Ridge) Ill...Cleveland, Ohio • Dallas, Texas • Dayton, Ohio •Denver. Colo. •Detroit
(Lathrup Village) Mich. • Endicott (Endwell) N.Y. •Greensboro. N.C. •Houston, Texas •Indianapolis, Ind. • Kansas City
(Mission) Kan. • Los Angeles, Calif. Area (East L.A. • Encino • Pasadena • West L.A.) • Minneapolis, Minn. • New York
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Ariz. • Portland, Ore. • Poughkeepsie, N.Y. • San Diego, Calif. • San Francisco, Calif. Area (Lafayette • Palo Alto) •
Seattle. Wash. • Syracuse. N.Y. • Washington, D.C. (Annandale, Va.).
TEKTRONIX CANADA LTD: Montreal, Quebec • Toronto (Willowdale) Ontario.
ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five
overseas countries by qualified engineering organizations.
European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL
A.G., Ter sssss nweg IA, Zug, Switzerland, for the name of your local engineering representative.
Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. 0. Box 500,
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UAC's Norden Division
Hires Lapidge
C.
LAPIDGE
has joined
United Aircraft Corporation's Norden division, Norwalk, Conn., as
senior project engineer-synchros
and resolvers. He has been assigned
to the division's precision components department.
Lapidge comes to Norden from
SAMUEL

electronics

Dubrow Electronics Industries Inc.,
where he was senior engineer in
charge of rotating component engineering.

You get

Continuing Assistance
M. Ten Bosch, Inc.
Appoints Rosaler

WITH YOUR TEKTRONIX EQUIPMENT

0
,1

M.

TEN BOSCH, INC., Pleasantville.
N. Y., producer of electronic and
electromechanical devices for indus-

trial and military purposes, has
named Robert C. Rosaler vice-president and general manager.
Rosaler was formerly vice president and director of the Pitometer
Log Corp.

J

PEOPLE IN BRIEF
Robert S. Jacobson and George
Smith promoted to engineering
mgr. and general services mgr..
respectively, at Sperry Gyroscope's
Sunnyvale Development Center.
Christopher Karabats, previously
with GE, named mgr. of production control and parts fabrication
in Varian Associates' Tube div.
Manuel J. Gordon, former asst.
professor of research at Michigan
State U., appointed mgr. of applications research for the Spinco
div. of Beckman Instruments. Inc.
J. Walton Colvin, from Bendix
Corp. to General Dynamics Electronics as mgr. of plans and programs. Ned S. Rasor, ex-North
American Aviation, Inc., now director of research at Thermo Electron Engineering Corp. Philip N.
Hambleton leaves CBS Electronics
to join Itek Laboratories as mgr.
of
the
Electronics
Division's
image-processing dept. Daystrom,
Inc.. advances Richard E. Bennett
to g-m of its Transicoil div.
Charles M. Horsley moves up at
Hughes Aircraft Co. to head of
production control for the semiconductor div. Hazard E. Reeves,
president of Reeves Soundcraft
elected a director of Control Circuits. Inc. W. E. Thomas elevated
to president of Magnaflux Corp.
William A. McCracken, formerly
with Philco appointed v-p operations of General
Instrument's
Capacitor div. Terence R. Gregory,
ex-Sonex, Inc., elected president
and director of DATA-tronix Corp.
May

4,

1962

You gst prompt help from your nealby Tektronix Field Engineer. He is Tektronix
in yci., area, and he offers you comprehensive services before, during, and after
the elivery of ycur Tektronix equir ment ... Talk to him about your needs and
objec ives in oscilloscope applicatims. H.?. will know the tools and techniques
to race effectively solve your measurement problem ... Your Tektronix Field
Eng reer can help yu in many wars ... with additional training in oscilloscope
thee.r/... with simceied techniques for ¡resent applications ... with new applicatbis for present equipment ... with instrument maintenance at repair centers
with add di° al equipment Mr your laboratory...
FrImarily, however, he can he pyou .ealize and achieve the accuracy, the
rellat ility, and the fexibility inherent in Tsktronix equipment.
So call your Te-ctronix Field Ergineer when you need him. Your selection of
Tektmnix equipmert entitles you te his se -vices—and through continuing assist.
ance he can help yu maintain the inherent capabilities in your Tektronix oscilloscc pes and associated instrume «Its.

Tektronix, Inc.
P. 0. BOX 500

BEAVER7ON, OREGON

I Mitchell 4-0161 •TWX—BEAV 311 •Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuquerque. N. Mex. • Atlanta. Ga. • Baltimore (Towson) Md. • Boston (Lexington)
Mass. •Buffalo, N.Y. •Chicago (Park Ridge) III. •Cleveland, Ohio •Dallas, Texas •Dayton, Ohio •Denver, colo. •Detroit
(Lathrop Village) Mich. •Endicott (Endwell) N.Y. •Greensboro. N.C. •Houston, Texas •Indianapolis, Ind. •Kansas City
(Mission) Kan. • Los Angeles, Calif. Area (East L.A. • Encino • Pasadena • West L.A.) • Minneapolis, Minn. • New York
City Area (Albertson, LI., N.Y. • Stamford. Conn. • Lnion, N.J.) • Orlando. Fla. • Philadelphia, Pa. • Phoenix (Scottsdale)
Ariz. • Portland, Ore. • Poughkeepsie. N.Y. • San Diego, Calif. • San Francisco, Calif. Area (Lafayette • Palo Alto) •
Seattle, Wad" • Syracuse, N.Y. • Washington. D.C. (Annandale. Va.).
TEKTRON IT,. CANADA LTD: Montreal, Quebec « Toronto (Willowdale) Ontario.
ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five
overseas ccurtnes by qualified engineering organizations.
European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL
A.G., Terrassenweg 1A, Zug, Switzerland, for the narne of your local engineering representative.
Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. O. Box 500,
Beaverton, 0-egon, U.S.A. Cable: TEKTRONIX.
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FOR POSITIONS AVAILABLE
ATTENTION:
ENGINEERS, SCIENTISTS, PHYSICISTS

COMPANY

SEE PAGE

This Qualification Form is designed to help you advance in the elec-

BOEING COMPANY
New Orleans, Louisiana

tronics industry. It is unique and compact. Designed with the assistance

COLLINS RADIO COMPANY
Dallas, Texas

19
63

2

142'

3

in electronics and deals only in essential background information.

DALMO VICTOR CO
Div. of Textron, Inc.
Belmont, California

The advertisers listed here are seeking professional experience. Fill in

EITEL-McCULLOUGH INC.
San Carlos, California

73

4

FAIRCHILD STRATOS CORPORATION
Aircraft-Missiles Div.
Hagerstown, Maryland

67

5

141°

6

of professional personnel management, it isolates specific experience

the Qualification Form below.

INTERNATIONAL BUSINESS MACHINES CORP.
New York New York

STRICTLY CONFIDENTIAL

INTERNATIONAL BUSINESS MACHINES CORP.
Poughkeepsie, New York

Your Qualification form will be handled as "Strictly Confidential" by
ELECTRONICS.

Our processing system is such that your form will be

you select.

LEI, INC.
Copiague, L.

You will be contacted at your home by the interested

companies.

I., New York

MICROWAVE SERVICES INTERNATIONAL,
Denvil:e, New Jersey

WHAT TO

DO

PHILCO WESTERN DEVELOPMENT LABS.
Palo Alto, California
RAYTHEON CO.
Missile 8 Space Div.
Bedford, Massachusetts

2. Select those for which you qualify.
3. Notice the key numbers.
4. Circle the corresponding key number below the Qualification Form.

REMINGTON RAND UNIVAC
Div. of Sperry Rand Corp.
Si. Paul, Minnesota

5. Fill out the form completely. Please print clearly.
D.

Hawksby,

Classified

Advertising
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ELECTRONICS,
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Box 12, New York 36, N. Y. (No charge, of course).
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NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION
Washington, D. C.

1. Review the positions in the advertisements.
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LABORATORY FOR ELECTRONICS
Boston, Massachusetts

forwarded within 24 hours to the proper executives in the companies
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Personal

Background

Education

NAME

PROFESSIONAL DEGREE(S)

HOME ADDRESS

MAJOR(S)

CITY

ZONE

STATE

UNIVERSITY

HOME TELEPHONE

DATE(S)

FIELDS OF EXPERIENCE (Please Check)

E Aerospace
El Antennas
111 ASW

El Human Factors
CI Infrared
111 Instrumentation

111 Communications

n

Experience
(Months)

DEVELOPMENT
(Model)

17] Transformers
DOther

DESIGN
(Product)
MANUFACTURING
(Product)

[11
E

Optics

11 Engineering Writing

Supervisory

SYSTEMS
(New Concepts)

I:: Operations Research

Electron Tubes

Experience
(Months)

RESEARCH
(Applied)

Telemetry

Navigation

Ei ECM

RESEARCH (pure,
fundamental, basic)

[II Simulators
n Solid State

EMicrowave

Computers

Technical

II:1 Radio—TV

Medicine

Components

Please indicate number of months
experience on proper lines.

E Radar

111 Fire Control

III Circuits

CATEGORY OF SPECIALIZATION
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Packaging

FIELD
(Service)
SALES
(Proposals 8. Products)
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EMPLOYMENT
OPPORTUNITIES

The Advertisements in this section include all employment
opportunities—executive.
management.
technical. selling, office, skilled, manual. etc. Look
in the forward section of the magazine for additional Employment Opportunities advertising.
Positions Vacant
Civil Service Opportunities
Positions Wanted
Selling Opportunities W•mted
Part Time Work
Selling Opportunities Offered
Employment Agencies
Employment Services
Labor Bureaus

— RATES —
DISMAYED:
The ...I' er Iisi ntr
rate
is
$111.17 per inch for all advertising appearing on other than it contract basis.
contract rates quoted on request.
.%es advertising inch is measured 74‘" vertically
on
a column-3 columns-50
'ti' lis Iii a page.
t r Agency Conalassion.
UNDISPIAVEI): $2.70 per line. minimum
3 lines.
To figure ativanre payment
cent,' 5 tiserage Words :us a line.
Borg ttttt niters—count an Iline.

OPERATIONAL
SYSTEMS ENGINEER

Your new
career opportunity

IBM
offers career opportunities in its Operational Systems
Projects organization — a career abounding with challenge
and opportunity. You will work on the creation of new
IBM TELE-PROCESSING`i' systems — an
exciting new extension of
computer applications in which computers, high-speed files,
terminals, and communications networks are combined into
balanced systems that will integrate the data-flow and processing needs of American industry.
An example of such a
system is IBM', SABRE —an airline reservations system.

Customer problems must be analyzed, solutions developed,
data processing equipment specified, and a communications
network designed.
Then, the system must be installed and
tested. You can help create these new systems.

Dioc000t or iork.

if full payment is wade
in :nlvance for 4 consecutive íns,'rt iritis.

Not subject

to Agency C'ommission

COMMUNICATIONS APPLICATION ENGINEER
Analysis of advanced electronic communication Wsterns including radio, carrier. telephone. microwave:
Must have design and marketing ex.
nerience with commercial and mill.
mry USer,
re degree, 5 yrs. exp. min.
Send Resume Us
Microwave Services International Inc.
ermstaling Errginr rrrr
Route 4ft
Denvi:le. N. J.

ADONESA itON NO. HEPHES
fiGX No.
Classified Adr.
iv
111
Rend to Once nearest you.
NEW YORK 30: P. 0. Box 12
CHICAGO 11: rIPS N. Miehiann Are.
RAN FRA NcISCO 11: 21;1 'California St.

POSITION

Design
Engineer—Electro
Mechanical;
Excellent opportunity for engineer with three
years of experience in electro mechanical
design.
Products
are
precision
weights
and
balances
some
of which
incorporateautomatic
readout,
recorder outputs, etc..
involving electronic
circuitry.
Please forward qualifications stating salary desired to
Ohaus Scale Corporation.
1ono
Commerce
Avenue. Union. N. .1.
AVAILABLE

American company in Japan is seeking distributors, commission agents or international
raters
reps
with
established
contacts
in
electronics field to sell complete line new.
industrial type miniature DC electric motors
ideally suited for many applications.
Company
currently
enjoying
good
component
sales
to
mfgrs
of
medium
quality
tape
recorders and other consumer-grade products
throughout U.S. RW-8863. Electronics.
"Pul Yourself in the Other Fellev's
TO

EMPLOYERS

TO

EMPLOYEES

ployment.
Company-paid relocation assistance and liberal benefits apply.
IBM is an Equal Opportunity Employer.

CAREER OPENINGS IN THESE AREAS:

VACANT

SELLING OPPORTUNITY

You will enjoy professional freedom, comprehensive educational programs, and the assistance of specialists of diverse
disciplines in gaining a wealth of know-how. Working independently, or as a member of a small team, your individual
contributions are quickly recognized and rewarded. This is a
unique opportunity for you to have a career with a company
recognized for its outstanding growth record and stable em-

Applied mathematics

Systems logic design

Applied statistics

Systems integration

Computer systems analysis

Information theory

Computer systems design

Data transmission

QUALIFICATIONS: Experience in one of the career fields; a
B.S., M.S., or Ph. D. in electrical engineering, physics, or
mathematics ; and proven ability to assume a high degree of
technical responsibility in your sphere of interest.

For details, write, outlining your background and interest,
to:

Place"

1.-tiers Written offering Employment or applYing tor same are written with the hole of
sitixfyillit a current need. An answer, regaidliss
if atwitter It is favorable or not. is usually
•spected.
MR. EMPLOYER. Wolel soit remove the IltY•teU
ahout the status of an employee's application by
m•Itnowledging all applicants and not just the
promising candidates.
MR. EMPLOYEE you, too. can help l'y acknowledging aPplicationa and Job offers.
This
would encourage more companies to answer position canted ads in this section. We matte this
.mgacstion in a spirit of helpful cooperation
between employers and employees.
This ›ection will be the more useful to all as a
it of this consideration.
Classified Advertising Division
McGRAW-HILL PUBLISHING CO., INC.

H. J. Cooke, Dept. 554R1
Development Laboratory
IBM Corporation
P. 0. Box 390
Poughkeepsie, New York

INTERNATIONAL BUSINESS MACHINES CORPORATION

IBM

330 West 42nd St., New York 36, N. Y.
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REPRESENTATIVES
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ELECTRONIC

KENNETH E. HUGHES Co., Inc.

(Classified Adrerbsing)
OPPORTUNITIES
RESALE

OF

ORIGINAL

electro n i
cs

NAB ENGINEERING
HANDBOOK

COST!

Visit or Phone—

COMMUNICATIONS EQUIP CO.
343

CANAL ST., N. Y. 13, N. Y.
(Formerly at 131 Liberty St
CHAS. ROSEN, WOrth 6-4045
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Use this standard reference front the
National Assn. of Broadcasters to solve
problems In all areas of broadcast engineering more quickly ... accurately ...
efficiently.
This revised and enlarged
Fifth Edition covers the entire range of
radio -tv engineering . . . contains information
and
methods
constantly
needed
by
engineers,
opera tors,
and
technicians.
Ed. by A. P. Walker. Assisted by G. W. Bartlett. 1;2/1 pp_ 1300
& faiblis. $27.50

When an engineer pays
for a technical publication, it's a safe bet that
that is the one he respects
most.

CI ELECTRONICS AND NUCLEONICS
IbICTIONARV.
By L. 51
Cooke and J. 5Iarkus. 143 pp., 11'2
illus., $15.00
El PRINCIPLES
AND
.%PPLICA- TIONS OF ELECTROMAGNETIC
FIELDS. By R. Plonsey
(...1 lin. 554 pp., illus., $12.75

FOR POSITIONS AVAILABLE

C

(Continued from page 76)

FOUNDATIONS
OF
FUTURE
ELECTRONICS. By D. Langmuir
Herahberger.
512 pp..

1'4
1,4

D SEMICONDUCTOR DEVICES
.LND APPLICATIONS. By R. A.
Greiner. 493 pp., illus., $12.50
SORENSEN
Unit
South

145'
of

Raytheon

Norwalk,

15

10 DAYS' FREE TRIAL' .

Connecticut

SPACE TECHNOLOGY LABORATORIES,
13

16

Sub. of Thompson Ramo
Wooldridge

Inc.

Redondo Beach, California

SPERRY GYROSCOPE COMPANY

144'

17

McGRAW-HILL BOOK CO.. Dept. F1-.5.4
327 W. 41st St., New York 36. N. Y.
Send me book(s) checked below for 10 days' ex amination on approval.
In 10 days I will remit
or book(s). I keep plus few cents for delivery
costs, and return unwanted book(s) postpaid. (We
pay delivery costs if you remit with this coupon—
same return privilege.)
Calabro—Reliability Prin. & Prao.. $10.10
7.1 Constants—Mech. Eno. for P.E. Exams., $10.00
Evans & Perry—Proe. & Coding for Auto. Digital Computers. $9.10
D Natl. Assn. Broad.—NAB Engineering Hdbk.,
827.50
Cooke & Markus--Elec. & Nucleon. Diet.. $11.00
C Plonsev—Prin. & Appli. of Electromag. Fields.
112.71
D Langmuir & Ilershberger—Found. of Fut. Elec.,
$10.71
O Grelner—Semlconduc. Dey. & Appi., $12.50

He makes it his business
to read electronics. It
keeps him well informed
of up -to -the -minute
events and developments
in the electronics industry and the technology to
which he contributes his
experience.
Where your recruitment
program calls for engineers and other technical
people of this calibre, you
can reach them in the EMPLOYMENT OPPORTUNITIES section of:

Name

Div. of Sperry Rand Corp.
Great Neck, L.

-

Co.

INC.

Address

I., New York

City

Zone..

.State
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Company
Position
" These
issue.
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Just Out.
Brings you thorough. sYstema tic techniques to help you save time
and effort in programming digital ,,,mputers. Includes vital facts to aid in
increasing
programming
and
coding
skills, as well as special coverage of
computer design.
Discusses how
the
computer installation is organized
and
operated. By (;. Evans II, C. Perry, &
R. Keirstead. Stanford Res. Inst.
262
pp.. illus., $9.50

Over 10,000 different electronic parts:
waveguide, radar components and parts.
test sets, pulsera, antennas, pulse xmfrs,
magnetrons,
IF and
pulse
amplifiers,
dynamotors, 400 cycle xmfrs, 584 ant.
pedestals, etc.
A FRACTION

publication

PROGRAMMING AND CODING
FOR AUTOMATIC DIGITAL
COMPUTERS

FOR RESEARCH—
DEVELOPMENT
EXPERIMENTAL WORK

AT

technical

Just Out.
i
yes helpful gold:, nee lo
license candidates for the mechanical
engineering portion of the P.E. exam
through detailed coverage of the type
of questions usually asked.
From mechanics, machine design, and hydrautics ...through steam power plants and
pumps . . .to refrigeration and air conditioning—every phase of the subject Is
f
covered. By .1. D. Constance. Prof.
Engr. 455 pp.. illus., $10.00

SEARCHLIGHT
SECTION

PRICES

What's his

MECHANICAL ENGINEERING
FOR P. E. EXAMINATIONS

4808 Bergenline Ave., Union City, N. J.

or

an engineer...

Just Out. Presents fundamental eoncepts of reliability theory and demonstrates their application to the solution
of practical problems.
Makes use of
effective
reliability
formulations
and
mathematical models . . . covers many
new developments. particularly with respect
to maintainability.
availability,
:tnd redundancy .... includes new sampling techniques and defieittney reporting
systems. By S. Calibro. Intl. Elec. Corp.
355 pp., illus., $10.50

NEW YORK • NEW JERSEY
PENNSYLVANIA

EQUIPMENT -USED

measuring

RELIABILITY PRINCIPLES
AND PRACTICES

INDUSTRY

Years of Sales Success
in Electronics Products

BUSINESS

Method for

ELECTRONICS ENGINEER

in

the

4/27/62

For price and terms outside U. S. write
McGraw-Hill International. N.Y.C. 36

A McGRAWHILL PUBLICATION
"•••••

CCASSIFIED ADVERTISING DIVISION

POST OFFICE BOX

12

NEW YORK 36.

s

NEW YORK

electronics

SYNONYMS FOR YOUR FUTURE:

CAREER...ACHIEVEMENT.

Working at Philco Western Development Laboratories Is synonymous with playing
an important role in development ol communications and control systems for the
nation's frontiers of space. Phi lco WDL designed and produced the complete satellite
package for the Courier Communications Satellite program; Discoverer, Midas and
Advent space age programs benefited, too, from advanced technology, research, prototype and fabrication from WDL. This adventure...complete program-oriented evolution
of tomorrow's answers to tomorrow's space age challenges... is yours, if you want acareer
that is measured in terms of achievement. Achievement is WDL's history .... and future.
Write in confidence for information on how you can find your career at Phi lco WDL, with
the additional rewards of ideal living on the San Francisco Peninsula and professional and
monetary advancement commensurate with your own ability. Requirements include B.S. or
advanced degree (electronics, mathematics, physics), U. S. Citizenship or current transferable D.O.D. clearance. Address Mr. Patrick Manning, Department E-5.

PH ILCCP,
A SUBSIDIARY OF

L9gtegeterCeliffe/Ciey,
May 4,

1962

WESTERN DEVELOPMENT LABORATORIES
3875 Fabian Way, Palo Alto, California
an equal opportunety employer
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New KIN TEL solid-state

200 kc
response...
0.005%
linearity...

GAIN 0
L.
CA

0

VAR
GAIN

ten fixed gains

GAIN

MODEL

Model 121A/A non-inverting DC amplifier
has fixed gains of 0, +1, +10, +20, +30, +50, "7 100,
+200, +300, +500, and +1000. A variable gain conKIN TEL'S

-

121A/A

ADDITIONAL SPECIFICATION NOTES:
The Model 121A/A is a non-inverting (positive input produces a positive output), wideband, DC amplifier. Ampli-

trol adjusts any fixed gain from x1 to x2.2. A gain

fication is accurate within 0.1% for all gains other than

calibration control gives ±2.5% adjustment for each
gain other than +1.

-I- 1(gain accuracy is 0.2% at +1), linear within 0.005%

With this new instrument, you can amplify accurately all low-level signals from DC to beyond 200 kc for
the reliable measurement of strain, temperature, flow,
vibration, displacement, or other physical phenomena.
The 121A/A has the same dimensions, fits the same
cabinets and modules as other KIN TEL DC amplifiers.

for outputs up to ± 15 volts DC with load impedances of
200 ohms or more. The amplifier provides up to 100 ma—
± DC or peak AC — into loads of 100 ohms or less. Input
impedance is greater than 10 megohms, output impedance is less than 0.3 ohm. Frequency response is flat
within 0.25% to 2 kc, within 4% to 10 kc, within 3 db to
200 kc. Drift is less than ± 2.0 µvolts equivalent input for
over 40 hours at +1000 gain. Amplifier recovers from
100% overload in 0.4 second, is undamaged by sustained,

For more information on this new, more usable DC

direct short across output terminals.

amplifier, write to KIN TEL. Engineering representa-

(50 cps at additional cost)

Price $1000.

tives in all major cities.
57.)5 Kearny V i
1
la flad. San Diego 12, Califorwa • phone: 2774700
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"DO-1" Rectifiers
"TO-1" Rectifiers

10.11111.1111111111111*

20-Ampere

11.11111MMIllise

Rectifiers

Stud-Mounted
55-600 PRV
1N248-C

1N250-C

1N1196-A

1N249-C

1N1195-A

1N1197-A

1N1198-A
18-20 Ampere

Plus Reverse Polarity Versions

Stud-Mounted
Rectifiers

1N248-A

1N249-B

1N1195

1N248-B

1N250-A

1N1196

1N249-A

1N250-B

1N1197

50-600 PRV

1N1198

12-Ampere

Plus Reverte Polarity Versions

Stud-Mounted
Rectifiers
50-600 PRV

1N1199-A

1N1203-A

1N1204-A

1N1205-A

1N1200-A1N1202-A

1N1206-A

Plus Reverse
Polarity Versions

Types to
Meet Military
Specifications

USA 1N249B

USA 1N250B

USA 1N2135A

JAN 1N540

JAN 1N538

JAN 1N547

High-Voltage
Silicon Rectifiers

CR101 - 1200 PRV

CR106 -6000 PRV

CR102 - f?,000 PRV

CR10" - 7000 PRV

CR103 - 3000 PRV

CR108 - 8000 PRV

CR104 - 4000 PRV

CR109 - 9000 PRV

CR105 - 5000 PRV

CR110 - 10,000 PRV

Now with transient

And Now...

ratings up to

20% over PRV at 125°C free-air temp.

RCA adds 5-Amp, 35-Amp, and 40-Amp Rectifiers
to expanding Silicon
Line
Junction
Diffused

Now RCA adds 12 stud-mounted diff asedjunction silicon rectifiers (and 12 reversepolarity versions) to its growing rectifier
line. Five 5-ampere units in the JEDEC
DO-4 package, four 35-ampere and three
40-ampere units in the DO-5 package,
are designed to meet the environmental
and mechanical requirements of today's
military and industrial power-supply
equipment. Conservative ratings permit
continuous operation at maximum ratings with the assurance of high reliability
under severe operating conditions.

44)-AMP

33-AMP

RCA
TYPES"

RCA

RCA

TYPES*

PRV

TYPES*

50

INI 187

300

1N1612

INI 184A

100

IN1188

400

INI613

100

IN1186A

200

IN1189

500

IN1614

200

INI 190

600

1N1183A

PRV

5-AMP

PRV
50

1N1615

400

INI616

600

•reverse-polority versions eveilabl•

The Most Trusted Name
in Electronics

CHECK THESE OUTSTANDING
FEATURES: Extra-high-strength
copper-alloy mounting stud-withstands high installation torque •Diffused-junction process - exceptional
uniformity and stability of characteristics • Rugged, welded hermetically sealed case • High output current in bridge circuits •Low leakage
current •Low forward voltage drop
•Loss thermal resistance.
Call your RCA Field Representative
now for complete information. For
additional technical data, write RCA
Semiconductor and Materials Division, Commercial Engineering. Section E-19-NN-1 Somerville, N. J.
Available through your RCA Distributor

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES.. EAST: Newark, N. J., 744 Broad St., NU 5-3900 •(Camden-Philadelphia Area) Erlton, N. J., 605 Marlton Pike, HA 8-4802 •Syracuse, N. Y., 731
James St., Rm, 402, GR 4-5591 •Baltimore, Md., EN 9-1850 •NORTHEAST: Needham Heights 94, Mass., 64 "A" St., HI 4-7200 •SOUTHEAST: Orlando, Fla., 1520 Edgewater Dr., Suite #1, GA 4-4768 •EAST
CENTRAL: Detroit 2, Mich., 714 New Center Bldg., TR 5-5600 •CENTRAL: Chicago, III., Suite 1154, Merchandise Mart Plaza, WH 4-2900 •Indianapolis 5, Ind., 2132 East 52nd St., CL 1-1405 •Minneapolis 16,
Minn., 5805 Excelsior Blvd., WE 9-0676 •WEST: Los Angeles 22, Cal., 6801 E. Washington Blvd., RA 3-8361 •(San Francisco area) Burlingame, Cal., 1838 El Camino Real, OX 7-1620 •Seattle 4, Washington,
'AO First Ave. S., MA 2-8350 •SOUTHWEST: Dallas 7, Tex., 7905 Carpenter Freeway, ME 1-9720 .GOV'T: Dayton, 0., 224 N. Wilkinson St., BA 6-2366 •Washington, D. C., 1725 "K" St.. NW., FE 7-8500.
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