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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 @ 175A the greatest versatility ever of-
fered in a general 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 % developed 12 Kv CRT presents an
easy-to-measure 6 x 10 cm calibrated display with-
out distortion or defocusing. The front panel as-
tigmatism control common to other scopes is no
longer necessary. In addition, phosphor and grati-
cule are on the same plane—thus eliminating CRT

These Plug-ins Give Utmost Versatility
to the #p 175A OSCILLOSCOPE:

Vertical plug-ins

4 1750A 40 MC Dual Channel Amplifier
(pictured in 175A oppaosite)

Permits viewing of two phenomena simultaneously,
bandpass dc to 40 MC, rise time 9 nsec, sensitivity 50
mv’/cm. Differential input for common mode rejection.
$285.00

< T - 4 1752A High Gain Amplifier
4 ; Provides 5 mv/cm sensitivity dc to
| Q [ 44 18 MC with differential input for
o == o high common mode rejection.
\* B ‘__, $225.00
- - % 1753A 40 MC Single Channe

Amplifier

Bandpass dc to 40 MC, rise time 9
nsec, sensitivity 50 mv/cm. $155.00
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Horizontal plug-ins

% 1780A Auxiliary Plug-In (shown in 175A opposite),
normal and single sweep, $25.00

% 1781A Sweep Delay Generator

For detailed examination of com-
plex signals or pulse trains. Per-
mits viewing expanded waveform
segment while still retaining pre-
sentation of earlier portions of the
waveform. Delay time 1 usec to 10
sec.; delaying sweep, 2 usec/cm to
1 sec/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)
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parallax error. The front panel is engineered for the
simplest possible operation.

& 175A features simplified circuity for more re-
liable performance and easy maintenance. Simple
triode circuits (6DJ8 tubes) are used in the vertical
amplifier. Complicated distributed amplifiers are
not employed. In addition, an 4 developed cable
delay line eliminates still more adjustments. Only 6
tube types and 5 transistor types are used through-
out.

The & 175A Universal Oscilloscope is housed
in the new & modular cabinet ... a single instru-
ment for both bench use and rack mount. Cover,
bottom and sides are easily removed for simple
servicing and routine maintenance. The ¢ 175A
is as easy to service as it is to use!

% 1783A Time Mark Generator

Permits easy time measurements
by providing intensity modulated
time markers on scope trace. Range,
10 psec, 1 usec and 0.1 usec inter-
vals, *0.5%. $130.00

SPECIFICATIONS @& 175A

Sweep Generator

Internal Sweep: 0.1 usec/cm to 5 sec/cm, +3%; vernier
extends slowest speed to 15 sec/cm

x1 and x10

Internal, from vertical input signa! caus-
ing 2 mm or more vertical deflection,
or from power line. External, from sig-
nal 0.5 v p-p or more

Triggering Point: On positive or negative going signal; on

external signal, level adjustable —10 to
+10v

Magnification:
Triggering:

Horizontal Amplifier
Bandpass: DC to 500 KC
Sensitivity: 0.1and 1v/cm

Vertical Amplifier
Bandpass: Main amplifier, dc to more than 50 MC

General

Power
Requirements: 115/230 v ac *10%, 50-60 cps. Maxi-
mum of 425 watts, depending on plug-

ins used

Weight: Maximum of 70 Ibs., depending on plug-
ins used

Price: $1,325.00

Data subject to change without notice.
Prices f,0.b. factory.

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California, Area Code 415, DA 6-7000
Sales and service representatives in all principal areas;
Europe, Hewlett-Packard S.A., Rue du Vieux Billard No. 1, Geneva;
Canada, Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal
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& 175A 50 MC Universal Oscilloscope
with & 1750A Dual Channel Amplifier,
& 1780A Auxiliary Plug-in installed.

175A 50 MC OSCILLOSCOPE

® Bright, 6 x 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
eryotrons interconnected in a ladder network by thin lead films.
Operation takes place in liquid helium at approximately —452

deg F. See p 31 COVER

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 semi-
conduetor materials and thin filns increases

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

NEW WEATHER RADAR Using Pulsed Doppler Techniques will
pinpoint formerly camouflaged hurricane eye. Air Force Cam-
bridge Research Labs uses combined techniques for further ap-
plications. One use may be detection of wind direction and
rveloeity

SALES-EARNINGS STUDY Shows Gains. Review of 70 com-
panies’ annual reports for 1961 reveal healthy relationship be-
tween sales and earnings with 1960. Declines often attributed
to non-clectronies divisions

FUSION RESEARCH: A PROGRESS REPORT. Results of first
months of operation of model C Stellarator are reported. Di-
vertor to be installed in six months

THIN-FILM CRYOTRONS Muke 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
loeation. Thin-film cryotrons are used because the memory re-
quires a large nwmber of components with nondestructive
readout By V. L. Newhouse and R. E. Fruin

INEXPENSIVE MULTIPLIER for Analog Computers. Makes use
of pulse-width and pulse-amplitude to form the product of two
input variables. An acecurvacy of about three percent of full
scale is achieved with a simple Miller integrator sawtooth gen-
erator. Entire circuit requires only two tubes and five erystal
diodes By J. Ash and Y. J. Fakkinga

MEASURING TEMPERATURE With Diodes and Transistors.
Relationship of transistor base bias and diode voltage drop
with temperature vary linearly over wide ranges. Principle per-
mits design of an electronic thermometer. Circuits are given
for household indoor-outdoor, wide-range and body-tempera-
ture thermometers By L. E. Barton
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CROSSTALK

STAYING AHEAD. Associate Editor Michael
Tomaino is regularly the editor of EvLtcTRoNICS’
Components and Materials Department. Next
week we publish Tomaino’s special 24-page re-
port describing electronic components used in
today’s electronics industry. The report also
gives a rundown of component and circuit trends,
and points up what kinds of components the
industry may be expected to use in large num-
bers 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 relia-
Lly to meet the need for radical changes in
technology to meet requirements of space appli-
cations. With constant awareness of space ap-
plication 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 ac-
complished—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 reason-
able 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 compo-
nents as we know them today?

The report indicates greater activity in carv-
ing 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 compo-
nents 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
crders in quantity electronic equipment having
a packing density of 10% components per cubic
foot. Details on this sort of activity is an im-
portant part of Tomaino’s report.

What, we think, the report particularly high-
lights are the opportunities for sudden break-
throughs, 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 Dy-
namics/Electronics contributes a feature article on
a time compression system using analog methods. A
trio of authors from Stanford University J. R. Fon-
tara, 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.




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, expe-
rience and facilities—the know-
how to deliver parameters to
your very tightest tolerance re-
quirements for switching time,
flux, and noise.

Dynacor Square-Loop Tape
Cores are manufactured with the
high permeability alloys—Grain-
Oriented 50-50 Nickel Iron, 4-79
Molybdenum Permalloy, and
Grain-Oriented 3% Silicon Iron

. with fully guaranteed uni-
formity . . . 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 im-
mediate off-the-shelf delivery—
Send for bulletins DN 2000, DN
2001, DN 2002.

SPRAGUE

THE MARK OF RELIABILITY

SPRAGUE ELECTRIC COMPANY
35, MARSHALL ST. « NORTH ADAMS, MASS.
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COMMENT

More on Photochemical Retina

The title, Electromagnetic Ret-
ina, of the letter by A. J. Reynolds
in the March 23 issue (p 4) at-
tracted 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., Revnolds 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
found that the size of the cone, far
from being compatible with his
theory of being a quarter-wave
stub, is actually of the order of 100
wavelengths long.

You may be interested in the en-
closed copy of my paper, Theory on
the Receptor Mechanism in Color
Vision, which was published in the
Journal of the Optical Society of
America, in October 1960. In it I
propose a theory that requires only
one, but may have more, photo-
chemicals. There has been consider-
able interest among ophthalmolo-
gists in this theory, although it is
hard for most of them to under-
stand even the explanation in the
paper, which most electronic engi-
neers would find over-simplified.

ALFRED C. SCHROEDER
RCA Laboratories
Princeton, New Jersey

The abstract of reader Schroe-
der’s paper:

A theory is proposed to account
for the color discrimination in the
eve which does not require three
different kinds of photochemicals or
three different kinds of cones. Color
discrimination is accomplished by
at least three identical receptors
positioned at appropriate positions
along the outer segment of each
cone. Some examples of color
matching diagrams that can be ob-
tained with this theory are com-
pared with the CIE [Commission
Internationale d’Eclairage, which
previously was ICI, International
Commission on Illumination] color
matching diagram. Some comments
are made indicating how it might

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

More On Electromagnetic Retina

The reply by Frank Leary (p 4,
April 6) to my original letter (p 4,
March 23) is in itself a classic reply
to a letter that was deliberately pro-
vocative. In essence it says: “The
man’s views are unconventional,
therefore, he must be some sort of
nut. Q.E.D.”

First. I did not say there was no
such thing as a photochemical, 1
said that the mechanics of color
vision can be explained electromag-
netically.

Second. It is a straightforward
(although expensive) matter to
construct a working model of the
eye using the electromagnetic ap-
proach. This model can be made in
any part of the EM spectrum, and
the system performance could ap-
proach that of the eye. The only
concession asked for is that it be
agreed that white light is ‘‘white
noise” and that a broad-band noise
generator may be used as the “light
source.” The output from this model
could be processed by a computer,
so that it is conceivable that the
computer could use such an “eye”
as a source of information on which
to base decisions. Note that the only
reason this model must be in the
microwave region rather than in
the visible light band is the me-
chanical difficulty of working with
physical pieces of the correct size.

Is the photochemical school in a
position to demonstrate such a de-
vice?

Mr. Leary, concentrating on
photochemicals, failed to remark on
some other, equally outrageous, sug-
gestions. Contrary to the allegation,
there is a close chain of reasoning
behind these statements and one
which ties many diverse phenomena
into a coherent system.

A good case can be made for as-
suming that all living molecules ex-
tract power directly from the elec-
tromagnetic spectrum to perform
their functions and that they do so
on a frequency-selective basis.

A. J. REYNOLDS
Babylon, New York

That last paragraph proposes a
remarkable theory. Any takers?

electronics



TUNG-SOL

SERVIGE-DESIGNED
SERIES REGULATOR TUBES

0 FROM 14 WATTS TO 100 WATTS

[0 FROM 100 MILLIAMPS TO 1 AMP

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 ex-
hibits minimum tube drop when run “wide open”, thereby as-
suring peak-efficiency operation. High current capability per
tube plus a variety of power levels makes paralleling of tubes
unnecessary. In addition, these series regulators possess the
important advantage of requiring little grid-voltage swing to

Faozwe ﬂ control current. All feature zirconium coated graphite anodes
T&lff?z which, while lighter than similar metal anodes, remain warp-
‘” N ‘ i free and provide one of the best known methods of gas getter-
‘-L U 7802wW8 ing. 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 molyb-
denum 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 («=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

[Range of Tube| Minimum Tube | Grid Voitage

Total Plate Current| Voltage Drop rop Swing

Type (Milliamperes) (Volts) (Volts) (Volts)
8193 75 110 80 15
50 180 60 25
7802WB 200 65 60 8
100 220 40 35
6528 400 65 70 10
200 225 45 35
7242 600 80 70 13
250 335 40 45

POWER DISSIPATION CHART OF TUBE TYPES

Total Plate Dissipation 14W 26 to 30W 60W 100w
Low Mu 6877 6AS7G 6336A 7241
6080WB

Medium Mu 8193 7802WB 6528 7242
Write for new series regulator portfolio. Complete technical r ) 1
information about all Tung-Sol series regulator tubes—the S g
most supplied by any manufacturer—is contained in this () 4
handy reference kit. it's yours upon request. Just write: i
Tung-Sol Electric Inc., Newark 4, N. J. TWX:NK193. Sales e [
Offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; {b
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, N. J.;

Melrose Park, Ill.; Newark, N. J.; Seattle, Wash. CANADA: =) J
Abbey Electronics, Toronto, Ont. —_—

& TUNG-SOL
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New broad rznge!

TEST TRANSISTOR

BETA
. IN THE CIRCUIT

S’ \
sas ST TRANSISTOR r“ = b’

Y mooEL 2188
.
v

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

New Sierra 219B 4-range Trznsisto- Tester reads Bzta directly in the
circuit; also measures lec. Beta ou: of circuit.

Less downtime and less danzer of damage to trans stors under test
with this new Sie‘ra instrumznt—battery-operazed, light weight, port-
able, easy to use

Maintenance, quality centrol incoming inspection and production
testing are just a few of the applications where yo.4 save time and
money by testing transistors, sven complete asserrtlies, without un-
soldering leads. Modz2l 2193 reads Beta in the czircuit, 1 to 120. Ico
is measured on a stra ghtforward basis; collector potentials of 3,6
or 12 vdc may be selectad All conzrols are on -he front panel . . . an
instrument of convenierce, =peed, accurazy.

Write or phone today for ‘nformatior and demansirat.or..

Si

SPECIFICATIONS

Test ranges
Beta

leo:
Accuracy
In circuit:

Out of circuit:
Power:

Operating
Temperature:

Size:

1-4, 3-12, 10-40, 30-12D0%
0-50, 0-500 ua

+20% for external loads owver
500 ohms.

Improved accuracy above

500 ohms, usable readings

below 500 ehms.

+10%

internal battery, mercury or
zinc-carbon type, 600 hrs. av.
life; output indicated on
front-panel meter.

32 to 149° F
9” high, 758" wide, &2~

deep, weight, 1024 1b.,
including batteries.

Price: $275.00

*Beta readings to 300 may be
approximated.

& SIERRA ELECTRONIC CORPORATION
A Division of Phiico Corporation— A Subsidiary of W#&’ﬂmy,

6919A BOHANNON DRIVE . DAvenport 6-2060 « MENLO PARK, CALIF., U.S.A,

6 CIRCLE 6 ON READER SERVICE CARD
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ELECTRONICS NEWSLETTER

Superconducting Pumps Raise Magnetic Fields

WASHINGTOMN—Techniques for multiplying the strength of mag-
netic fields in superconducting niobium alloy devices were inde-
pendently 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 un-
blocked hole, the strength of the
trapped field is multiplied. Fields
up to 25 kilogauss can be obtained
in this way.

JPL reportedly raised a 200-
gauss field to 3.6 kilogauss by ac-
ually pumping the flux. The nio-
bium block was fitted with two
valves to control the flow of mag-
netic flux. Thess 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 ob-
tained ; JPL said pumps would have
to be larger and be made of ma-
terials with higher critical fields.
According to GE, some unexplained
phenomena will have to be under-
stood first.

Such large, heatless (devices are
cryogenically cooled), low-power-
consumption fields could be used for
radiation shielding in space, thermo-
nuclear plasma containment. plasma
propulsion engines, improving reso-
lution of electron microscopes and
a variety of scientific purposes.

Looks Like Conelrad
Is on Its Way Out

WASHINGTON—Changes are being
developed in the Conelrad system
to “insure more effective presi-
dential and civilian defense com-
munications with the public in the
event of a national emergency,”
FCC and the Department of De-
fense said last week.

The two agencies acknowledged
what critics of Conelrad have been
saying for years: combining all
radio broadcasts into two fre-
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quencies (640 and 1,240 Kc) won’t
prevent enemy bombers from hom-
ing because better aerial naviga-
tion methods now exist. One major
eriticism was that switching local
stations from assigned frequencies
to a Conelrad frequency would con-
fuse uninformed listeners.

For the time being, however, ex-
isting rules remain in effect, the
agencies said. Broadcasters were
cautioned “not to expect the dis-
appearance of all emergency condi-
tion controls. Some restriction on
electromagnetic radiation will still
be required to insure effective civil
and defense communications.”

Proton Maser Is Tunable,
Gives Continuous Output

BosTON—National Company reports
that it has achieved c-w amplifica-
tion with a room-temperature pro-
ton maser. At 15 Mc, with an input
signal of 3 x 107" watt, it gave 20-db
gain and bandwidth of 100 cps.
The amplifier is tunable from 2

Tv Oneupmanship

TOKYO—Mitsubishi Electric now
claims the title of producer of
the world’s smallest tv set.

Like the 5-in. Sony set re-
ported last week, it operates on
a-c or battery power. But it
weighs 6 Ib—2 Ib lighter— and
has a 6-in. screen. Mitsubishi
says the smaller size is made pos-
sible by a new 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 bcen an-
nounced

Kc to hundreds of megacycles, de-
pending on field strength. The de-
velopers, Alexander Ganssen, Eu-
gene 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 a linewidth
of 1 part in 10"

Work on proton masers was be-
gun in 1957 by French researchers.
A two-level device, it takes ad-
vantage of the Overhauser effects
in low-viscous liquids, to obtain ex-
cess population of upper energy
levels. National uses tetrachloro-
semiquinone, a magnetic field of 3.5
kilogauss, and supplies pump power
at 9 Ge with a klystron.

At low-frequency, the maser
might be used as an earth-field mag-
netometer. Atmospheric and galac-
tic noise may restrict r-f applica-
tions, but it would be useful for
research.

U. S. and USSR Draft a
Weather Satellite Pact

WASHINGTON—A draft compact for
U. S.-Soviet cooperation in meteor-
ology—including satellites—was re-
vealed 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 aus-
pices of the World Meteorological
Organization.

The Washington meeting was one
of a series aimed at intensifying in-
ternational cooperation in satellite-
assisted 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 satel-
lite series, which still lack cameras
(Cosmos 3 and 4 were launched last
week, but the Moscow announce-
ments omitted equipment details).

Japanese EIA Against
Radio Price-Cutting

TOKYO—Japanese Electronic Indus-
tries Association has advised its
members not to cut prices for six-
transistor radios despite price cuts
by U. S. manufacturers. JEIA
acted after the New York branch

7



of the Japan External Trade Or-
ganization (an influential govern-
ment-sponsored agency) said price
drops in the U. S. were a “passing
pathetic phenomenon.” JETRO said
the cuts could mean U. S. manufac-
turers were cleaning up inventory,
stopgapping Japanese imports or
using trade strategy so theyv could
buy Japanese radios at reduced
prices in the future.

Vapor Deposition Forms
Transistors and Diodes

SYLVANIA this week announced a se-
ries of thin-film processing devel-
opments, 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.

A number of large-junction-area
diodes and transistors have been
formed. Objective is methods of
forming active and passive ele-
ments on the same ceramic wafer.
Other developments include meth-
ods of amplifying currents with ce-
ramics; high-resistivity and high-
capacitance 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 cir-
cuits 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

ALTHOUGH RANGER 4 failed to send
back data and photos from the
moon, the mission was at least a
half-success, reports from Jet Pro-
pulsion Laboratory and its contrac-
tors indicate.

The launch was a good one,
ground support-and initial guidance
gear worked well. The unguided
spacecraft hit the moon, a feat sev-
eral earlier U. S. probes viere un-
able to accomplish. The transmit-
ter in the small lunar landing cap-
sule 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 in-

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

Broadband Light Pumps
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
“reduces by 10 times the amount of
energy required by present types”
to produce infrared beams.

It should soon be possible, the
company indicated, to achieve con-
tinuous infrared emission from the
crystal by using mercury or tung-
sten lamps to activate it. At pres-
ent, it operates with a pulse dura-
tion of several milliseconds.

The crystal is calcium fluoride
doped with divalent dysprosium. It
emits radiation at 2.36 microns
when pumped by energies from 1 to
0.3 micron. Energy input and out-
put were not specified.

Rocket Failure Thwarts
Reentry Reception Test

BOSTON—Rocket failure sets back
for another yvear 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. An-
other 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 trans-
mit modulated c-w and pulsed sig-
nals,

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.

In Brief...

FAA HAS WARNED airlines flying the
Pacific to expect nuclear weapons
tests to affect aireraft navigation
and communications. Planes will
be grounded temporarily.

LASER SURVEILLANCE techniques are
being developed by Electro-Opti-
cal Systems under Air Force con-
tracts for design of c-w oscil-
lators, amplifiers and oscillators,
and variable attenuator, phase
shifter and power divider operat-
ing at 0.5 to 0.8 micron.

NORWEGIAN firm of Kongsberge Va-
penfabrikk will be prime contrac-
tor for NATO production of
Martin’s Bullpup missile. Compo-
nents will be bought from U. S.
only until European suppliers can
qualify parts to meet specs.

SWITZERLAND will use Hughes Air-
craft’s Taran-1 radar and fire
control system in Mirage-I111-S
aircraft. The planes carry
Hughes’ radar-guided HM-55-S
missiles.

GENERAL INSTRUMENT has won a
Navy contract to develop oceano-
graphic instrumentation and to
conduct underwater studies for
the Polaris program.

SPERRY GYROSCOPE has new Polaris
contracts of $11.1 million, bring-
ing fiscal year total to $40 mil-
lion. New orders are mostly for
navigation equipment for the
20th to 29th subs.

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

NASA has awarded contracts of $1.9
million and $1 million, respec-
tively, to RCA and Epsco for
ground checkout systems. RCA
will supply computer system for
Saturn program, Epsco an edp
system to check out various satel-
lites.

NINE ASIAN countries are consider-
ing a 6,000-mile submarine cable
communications system. The Jap-
anese Ministrv of Posts and Tele-
communications estimates cost at
$85 million.
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YOU CAN TEST
ELECTROLYTIC
CAPACITORS

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 pro-
duction facilities. Unlike many con-
ventional bridges, the TW1 will not
cause degradation or failure in ca-
pacitors during test, since the 120
cycle a-c voltage applied to capaci-
tors never exceeds 0.5 volt!

SPECIFICATIONS

Capacitance
Range: 0 to 12C.000uF at 120 cps
Accuracy: +(1% of reading +10uuF)
Sensitivity: +(0.1% of reading +10uuF)
Dissipation Factor
Range: 0 to 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 Ingut
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 x 12" High x 9" 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

45430
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New Nanosecond™
Pulse Transformers
for Ultra-miniature,
Ultra-high Speed
Applications

Digital circuit designers will find
the new Sprague Type 43Z Nanosec-
ond Pulse Transformers of consider-
able interest. These tiny transformers
have been carefully designed for the
all-important parameter of minimum
rise time at high repetition rates up
to 10 mc.

The new Type 43Z series is com-
prised of a broad line of 72 pulse
transformers in 10 popular turns ra-
tios. They are Sprague’s latest addition
to the most complete listing of pulse
transformers offered by any manufac-
turer for use in digital computers and
other low-level electronic circuitry.

Type43Z Pulse Transformersarede-
signed so that the product of leakage
inductanceand distributed capacitance
is at a minimum. They are particularly
well suited for transformer coupling
in transistor circuits since transform-
ers and transistors are very compatible
low impedance devices. Nanosecond
transformers are equally suitable for
transmission line mode of operation,
in twisted-pair transmission line cou-
pling, and in regencrative circuits.

The epoxy-encapsulated “pancake”
package is excellent for both ctched
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.

For complete technical information
on Type 43Z Nanosccond Pulse
Transformers, write for Engineering
Data Sheet 40235 to Technical Liter-
ature Section, Sprague Electric Co.,
35 Marshall St.,, North Adams, Mass.

*millimicrosecond
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Something

NEW

in counting
techniques!

Sprague type 73Z1
core-transistor

DECADE
COUNTERS

Here is a simple yet versatile, low-cost
yet reliable component for counter ap-
plications. 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 char-
acteristics are shown below.

CHARACTERISTIC INPUT OUTPUT
Amplitude 1.5 to 8 volts 6.5 volts
Pulse Width 1 isec min, 35 Usec
Impedonce 100 ohms 20 ohms

Utilizing two rectangular hysteresis
loop magnetic cores and two junction
transistors to perform the counting op-
eration,the 73Z1 counterisencapsulated
in epoxy resin for protection against
adverse environmental conditions. It has
five terminals —B+ (12v +10%), in-
put, 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 applica-
tion assistance on the 73Z1 counter or other
Sprague components, write to Special
Products Division, Sprague Electric Co.,
35 Marshall St, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

45-301
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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 a new 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.
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Published as a public service
in cooperation with The Advertising Council and
the Council for Financial Aid to Education

Unfortunately many colleges are already over-
crowded. 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 profes-
sors. You can help assure your own future by
helping the college of yowr 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.
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A New 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. Accu-
racy 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 personne! with limited technical experience.

Occupying only 8%" 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.

"z: » 3 “r—-‘®[“

BERKELEY DIVISION
RICHMOND, CALIFORNIA T-47
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WASHINGTON OUTLOOK

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
INDUSTRY firms as GE, RCA, Philco, Motorola and others, told the committee the
FIGHTS bill would hurt foreign trade, causing many companies to slow down

planned expansion of foreign trade activity. Hewlett Packard will, also,
submit a report to the committee.
OVERSEAS Without naming names, the EIA spokesman, David Flower, Jr., of
TAX Raytheon, gave several examples of specific electronics industry cases
involving England and other European countries to 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
a measure is finally sent to the White House.

AN ELECTRONICS EXPERT is taking over the job of man-
SHANK aging 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
GETS NEW systems concept already used by the Air Force, Shank will be in charge
FAA POST of research, design, engineering procurement, installation and mainte-
nance of the future traffic control system—responsibilities that have
been divided among a number of separate officials.

FEDERAL REGULATION is failing to keep pace with the gal-
loping 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.
SURVEY Rate regulation of such common carrier communications companies
SAYS FCC as American Telephone and Telegraph and Western Union is found lack-
ing in depth and scope and completely inadequate for the protection
LAGS 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 a kind 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, a step that Congress already has refused
to take.
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Polaroid has a new 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 nanosec-
onds. Scope sweep speed was 2
nanoseconds/em. The new 10,000-
speed Polaroid PolaScope Land
film produced a finished wsable
print ten seconds after exposire,

The maximum writing speed
of the 10,000-speed film is about
twice that of the Polaroid Land

2 nanoseconds/cm:
impossible to photograph until now

3000-speed film, which is cur-
rently the standard for high
speed photography. The new film
not only gets “impossible” pic-
tures. 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 inten-
sity can be reduced considerably,
producing sharper pictures.
And besides oscillography, the
PolaScope film opens up new pos-
sibilitiesinapplications where
light is at a premium, such as pho-

PELAROIND

tomicrography and metallogra-
phy. It is not suited, however, for
pictorial work due to its high con-
trast 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 vou, write to
Technical Sales Department,
Polaroid Corporation, Cambridge
39, Massachusetts.

New Polaroid Land 10,000-speed film for oscillography.
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BRUTE STRENGTH DElICATt BALANCE |

From huge high precision
rotary pivots

to the tiniest

shaft connections

THOMAS
FLEXIBLE
COUPLINGS

are indispensable for
reliable power and
motion transmission.

Designed especially to meet critical
operating requirements, Thomas
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
atmospheres or other unusual con-
ditions exist. For detailed information

write for Engineering Catalog 60.

THUMAS THOMASb ElExlelE SOUP[!NG Co.
ubsidiary of Koppers Company, Inc.
Sl WARREN, PENNSYLVANIA, U.S.A.
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White fon free BEC SpocFill Today

BUDELMAN ELECTRONICS CORPORATION W

375 Fairfield Ave.
Stamford, Conn.

A SUBSIDIARY OF

GENERAL RAILWAY SIGNAL CO.
| * Because Budelman equipment performs better,
1 costs less to buy and maintain.
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HIGH SPEED
TAPE PERFORATOR

Il SPEEOS UP TO 60 CPS

I NON-SYNCHRONOUS DRIVE

I PAPER OR MYLAR TAPE

Il 5 TO 8 COOE CHANNELS

Il VARIABLE TAPE WIDTH UPTO 1~
Wl COMPACT DESIGN 1015“ x 19~
Hll PRECISE HOLE SPACING transmission systems, and key-
Bl HARMONIC TAPE AOVANCE board or other manual systems.

Write today for complete detailed information.
: INSTRUMENTS INC.

7617 HAYVENHURST AVENUE ® VAN NUYS,CALIFORNIA

Newly designed for recording
digital data in punched tape
from computer output, data
logging systems, machine con-
trol systems, automatic test
and simulation systems, data
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ASSEMBLE IT TODAY

SELL IT TOMORROW
evlmvumz IN THE U-S-A

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 Ibs. fly 1,000 miles for only $5.06. Door-to-door service, overnight, can eliminate costly ware-
housing and handling. Specify Air Express always—for shipping or receiving. It's as near as your telephone.

CALL YOUR LOCAL REA EXPRESS OFFICE FOR AIR EXPRESS SERVICE
16 CIRCLE 16 ON READER SERVICE CARD CIRCLE 17 ON READER SERVICE CARD »
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Saturn openings at Boeing for
STRUCTURAL AND ELECTRONIC/ELECTRICAL ENGINEERS

Boeing has been awarded primary developmental, building and test
respousibility for the Satucn S-1C advanced first stage booster. The
Aero-Space Division’s newly-formed Saturn Booster Branch has
a number 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
leating rates, extreme differential temper-
atures, material oxidation and structural
dynamics as applied to the design, devel-
opment and construction of large hooster
systems.

ELecTrRoNIC/ELECTRICAL engineering as-
signments are available in many areas,
including the design and development of
monitoring, instrumentation. control and
functional checkout circuitry; electronic

<—CIRCLE 18 ON READER SERVICE CARD

BOEING

Divisions: Military Aircraft Systems e Transport e Vertol e AERO‘SPACE e Industrial Products— Boeing Scientific Research Laboratories

subsvstems and packaging techniques as related to the specifie
requirements of hooster systems.

Salaries are commensurate with all levels of education and experi-
ence. Minimum requirements are a B.S. degree in any applicable

scientific discipline. Boeing pays liberal
travel and moving allowances to newly-
hired engineers. Permanent assignment
will be in New Orleans, with initial tem-
porary assignment at Huntsville, Ala.
Positions with Saturn and with other
expanding missile and space programs at
Boeing—including the solid-fuel Minute-
man ICBM and Dyna-Soar boost-glide
vehicle—are also available at Seattle, Cape
Canaveral and Vandenberg AFB, Calif.

Send vour resume, today, to Mr. R. R. Gregg,
The Boeing Company, P. . Box 26088-
ECH, New Orleans 20. Louisiana. Bocing
is an equal opportunity employer,
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Japanese Components Men Stress

By CHARLES COHEN sity, introduced a solid-state module
McGraw-Hill World News for dctl (direct-coupled transistor-
logic) circuits. Six mesa transis-
TOKYO—Integrated devices and di- tors are formed at one end of an
odes were featured at the semicon- n-type silicon bar and their emit-
ductor sessions during the annual ters connected together. The output
convention of Japan’s four electri- connection is made to a plate sol-
cal societies last month. dered to the lower surface of a bar
Semiconductor sessions of previ- under the transistors. The power
ous conventions have been domi- supply is connected to the far end
nated by high-frequency transis- of the bar, which acts as load re-
tors, but a surplus of h-f transistor sistance. Inputs are applied to in-
production capacity has decreased dividual bases, for AND or OR cir-
interest in this area. Also, the cuits (lower right).

Japanese electronics industry, The voltage margin is equal to
which was almost wholly communi- that of circuits using germanium
cations-oriented, is diversifying. microalloy transistors. Storage in

Kunio Tada, of Tokyo Univer- collector region, which is the main
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(C) differ slightly inputs vary according to cireuit neceds
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Integrated Circuits and Diodes

cause of propagation delay, has
been reduced to 0.5 usec by gold
diffusion. Epitaxial techniques
might reduce it further. Delay time
is 0.5 usec for two storages.

Negative resistance device for
generating sawtooth waves has
been developed by a group at Nip-
pon Electric Co.; pnpn devices for
this purpose require high-power
supply voltages (making micro-
miniaturization difficult) and have
low output voltage. The new device
consists of an npn transistor hav-
ing high forward and reverse cur-
rent 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 out-
put is obtained with 10-v power.

A magnetic-type stepping diode
that can be used to perform most
functions, except display, of gas-
filled counters was developed by
Koichi Omura, of Osaka Univer-
sity. Parallel double-base diodes
are formed on single piece of semi-
conductor 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 characteris-
tics by holes injected from a
neighboring diode effects current
transfer. A perpendicular mag-
netic field provides directional
characteristics. In use, the bias sup-
ply is connected between bases and
stepping is obtained by applying
180-deg out-of-phase pulses simul-
taneously to alternate junctions
which have been connected.

Variable capacitance silicon di-
odes were fabricated with an alloy-
diffusion process by Tokuzo Suke-
gawa, of Tohoku University. Re-
producibility is excellent, making
for small shrinkage during produc-
tion. 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
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films was also greater than previ-
ously. Papers on effects of illumi-
nation on semiconductor materials
and devices were numerous.

The silver-bonded diode attracted
attention at the microwave session.
Applications included frequency
multipliers, modulators and micro-
wave switches.

Silver-bonded diode with whisker
length of 0.6 to 0.7 mm and diame-
ter of 45 microns was developed at
Electrical Communications Labora-
tory (ECL) of Nippon Telegraph
and Telephone. Subminiature size
minimizes series inductance, spac-
ing between diodes and discontinu-
ities introduced into microwave cir-
cuits (upper right).

Measured series inductance is
0.49 nh, capacitance at —3 v is
0.127 pf, at 0 v 0.246 pf. at +3
volts 0.85 pf. Rectification ratio
measured at plus and minus 1 v is

more than 100,000.

Sumitomo Electric Industries Co.
reported on an unusual antenna for
NHK’s experimental station at Hi-
tachi. Looking like a screw, it is a
horizontally polarized helix (left).

The radiator conductor is com-
pletely enclosed in a helical rein-
forced plastic insulator attached to
the center pole. This construction
is said to reduce cost and improve
strength.

The antenna consists of four ele-
ments. 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 Mec, 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 pro-
vide world-wide tv coverage of the
1964 Olympic games in Tokyo by
three, or possibly four, active re-
peater satellites in synchronous or-
bits.

The satellites will be boosted into
orbit by either a U. S. Scout or
Thor-Delta rocket. Hovering posi-
tions 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 Electriec Company
(NEC), now engaged in research
on the project, proposes a 105} lb
cylindrical craft, 66 cm in diameter
and 49 em high, equipped with four
solar cell panels (6,889 sq cm each),
and three antennas. Mitsubishi
Electric will build telemetry gear
and Mitsubishi Shipbuilding & En-
gineering, an automatic position
control system.

Active repeater tv satellites in re-
search stage at Nippon Electric
Company to hover over points along
equator at 22,380 mi

2



. MAJOR DEMANDS ON
NASA'S TRACKING & DATA ACQUISITION SYSTEMS

DEEP SPACE ANTENNA SYSTEM CAPABILITIES

CALENDAR YEAR 1971 | FUTURE MISSIONS ]
]
MANNED FLIGHTS 962 1963 1964 1965 065
MERCURY 5 - - -
| DAY FLIGHT P 2 - APOLLO 1
GEMINI 3 Z 1967
APOLLO = s - "VOYAGER ]
1965
SATELLITES MARINER B ]
SCIENTIFIC 12 8 16 20 ESTIMATED PERFORMANCE
APPLICATIONS 1] 9 8 8 1963 SURVEYOR i 240-FOOT ANTENNA
DEEP-SPACE MISSIONS MARINER R “—MAXIMUM PERFORMANCE
LUNAR 3 4 4 8 1961 RANGER ﬁ, 85-FOOT ANTENNA
PLANETARY 2 ] 6 4 [FTUE FEETY T SUTN e I alag gy gy
CAPABILITY 25 50 75 100 125 150 175 200
TOTALS 35 28 40 42 FACTOR

NASA Needs New Ground Gear

THE NEW BREED 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 dur-
ing this year of transition than the
number of spacecraft launched in
1962, the complexity, range of op-
eration, mission duration, and vol-
ume of data will increase. The 3-
orbit Mercury flights will be re-
placed by 18-orbit flights and the
two-man Gemini missions. Most of
the small scientific satellites will
give way to the large orbiting ob-
servatories. The Tiros meteorologi-
cal 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 synchro-
nous Syncom. Only the lunar and
planetary probes will maintain
their 1962 pace. By 1964, not only
increased performance will be the
norm but also a stepped 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 con-
struction in 1963 funds. Here are
the major requirements, as de-
scribed by NASA’s E. C. Buckley,
Director, Tracking and Data Ac-

quisition, to Congressional sub-
committees.

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
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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 mis-
sions will rely heavily on existing
ground nets, more facilities—spe-
cifics 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 an-
other is too long to wait to deter-
mine its orbit. One technique now
being developed is the Range and
Range-Rate System. This consists
of a transponder aboard the satel-
lite 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 re-
ceives information from all three
stations simultaneously and com-
putes the actual position of the
satellite, its direction and velocity.

NASA’s Deep Space Network re-
ception capability must be in-
creased 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 capa-
bility 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 preampli-
fiers are being installed in the 85-ft
systems to give overall receiving
system sensitivities of 260 deg K.
This will be a big improvement over
the past sensitivity of 1,430 deg K.
In the future, using a maser pre-
amplifier, 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 (communica-
tions satellite bandwidths are 3-10
Mc wide).

electronics
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PULSED-DOPPLER TECHNIQUES FOR

Tracking Hurricanes More Accurately

By ROY J. BRUUN
Assistant Editor

PULSED DOPPLER weather radar tech-
niques, conceived at Air Force Cam-
bridge Research Laboratories, may
provide surer warnings as to where
hurricanes in the northern latitudes
will strike. If these technigues are
adopted, needless turmoil, such as
that generated by Hurricane Esther
in 1961, may be prevented.

Early in the morning, Esther was
wrathfully bound for industrial
cities in New England. Then, ac-
cording to radar, it seemed to stall
some distance off shore. Taking ad-
vantage of the respite, pecple along
the coast continued to board up
shops and stay home from work. It
was 2! hours before radar was able
to determine that the “stall” had
been a shift in course; fhe hurri-
cane 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 precipita-
tion bands—swirling winds con-
taining tightly packed weather
droplets. It is this water that exist-
ing 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 tech-
niques will enable radar to pene-
trate the wet outer winds with
energy sufficient to reflect signals
from the few water droplets in the
eye-surrounding winds. These re-
turn 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 fur-
ther techniques conceived by the
AFCRL group.

One of these methods is the co-
herent 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 simultane-
ously.

The coherent memory filter recir-
culates 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 27 over a
time equal to one pulse width. Re-
turn signals with pulse-to-pulse
greatest frequency change will
show on a scope 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 map-
ping of weather echoes.

Other factors are direction and
speed of winds and storm turbu-
lence. These are measured by phase
detection and filtering techniques
designated as velocity-azimuth dis-
play and doppler power density
spectrum display.

R-F . R-F I-F COHERENT PHASE - GATED e
ECHO | PREAMPL ECHO GREILIEC R DET A
SIGNAL SIonAL TGAIN Lrance care
L
VELOCITY - | ‘—‘—_j'—ﬂ
e RANGE __| VELOCITY~ |  VELOCITY TRACKING Soo RN | |
o | COHER GATE DISPLAY SIGNAL | SEINIERD
CONTROL | ampL e ———— .
AZIMUTH
(B) SIGNAL VELOCITY TRACKING
COHERENT [-F 0 aee e YT T
DispLay  BOXCAR FILTER DISPLAY - te—VELOCITY-TRACKING
DELAY SCOPE AU BANK 2L T SIGNAL FROM
LINE 1 Y‘/ COHO CONTROL
79
PHASE SHIFTER OUTSIDE LOCAL INTEGRATOR -
HASE SHIFTE FILT 0S¢ BANK
TO VERTIEAL |- LOCAL
SWEEP OF L 0SC_ |———STEPPING SHIFT
DISPLAY FIiLT SHIFT
(A) SCOPE (c)

Coherent integration (A) to detect wind swrrounding hurricane 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

SALES AND EARNINGS OF 70 ELECTRONICS COMPANIES

1961 1960 1961
COMPANY Sales Sales Farnings

Adler Electronics. . $8.963.,000 $3.6043.000 $231.000
ACFOVOX. .. iviiiiii ittt inannnn, 22.307.735 20.521.815 — 006,568
American Electronic Labs. ......... 3.371.088 2.691.119 81.207
AMDP 39.250.729 53,901,779 0,311,450
Assembly Products. ............... 1. 161 .389 3100579 199.689
Analogue Controls. .. .............. 1.300.000 1.100. 000 0
Bell & Howell.................... 113,076.000 11,116,000 3.902.000
Bendix. .. ........................ 57,999,062 TRT 000 H00 23,968,664
Borg-Warner. .. .................. 584.721.910 586.878.718 23.431.702
Burndy. ... ... . ... .. ... ... ... 38.751.7635 30.025.528 1.383.022
Burroughs. ... ... . ... boananano 101,210,737 389,210,550 10. 189 369
Californin Magnetic Control. . ... ... 437.210 388213 20,923
Camloe Fastener. . ............. ... 1.193.601 3777130 336.228

10.940.358 5.769.880 —927.156

9.676.0682

Glevite. .. ... ... ... ....... 91,874,110
Computer Instruments. ... ....... .. 3,052 212
Consolidated Electronics Ind.. .. .. .. 144,137 .881
CTS. ..o 21,168,189
Data Control Systems. . ........... 3.790.226
Eitel McCullough. . ............... 27,000,000
lectronic Associates. .. ..., ... 18.681.000
octronic Spectalty . .. ... ... ... 27.751.379
Electronics Corp. of America. ... ... 7.51
Emertron. ........................ 14,005 .2069

23.691.861
75.959.802

k]
Gieneral Vlectric. ABanan66aa00 4,14560.815. 169
General Railway Signal ... ... ..., 36.215.222

Gieneral Telephone & Electronics. ... 1.226.381.000

Hewlett Packard. . ... ... .. ..., 85.590.239
Iigh Voltage Engineering. . ... ... .. 13.013,381
Hoffman Electronics. HO0a06a600 5 13.000
Indiana General. ... ... .. ... .. . ... 22.034.915
International Business Mach.. .. ..., 1,691,205 517

International Electronic Resistance. . 6,289,729

International Resistance. . .. ... ... 23,005,301
International Tel. & Tel.. ... .. .. .. 930, 199931
Ttek . oo 39,252 000
Lear. ..o oo oo 92116000
lockheed Aireraft. ... ... ......... . 1 4510000
Magnetic Controls.. . .......... . 1.032.651
PR Mallory. ..o oL, 85,197,000
Minneapolis-Hloneywell . .. ...... .., 470.205.911
Minnesota Mining & Mfg.......... 608,230,326
Motorola. ... ... .. i, 2098 .219.815
National Research. ... ... ... ... .. 10,181,000
Oak Manufacturing................ 23,017,077
Pacific Automalion. ............... 5,112,183
Packavd Bell. . ... ... ., 31.887.807
Philips Electronic & Pharm......... 38.315.040
Premier Microwave................ 31249149
Radio Corp. of America............ 1.515.912.000
Raytheon........................ 562,901,000
Republic Foil ... .................. 8.750.493
Reeves Soundcraft.. ... ... 00500690 6.520.690
Royal Industries. . ................ 11,588,000
Sigma Instruments................ 9,892,164
Standard Kollsman................ 101.289.860
Taffet Electronics. . ............... 1,779,862
Technical Operations. . . ...........

Tensor Electronic Developments. . ..

Texas Instruments. . ............... 25

Thermotech. . .......ooovviviiiun, 1,372,554
Tung-Sol. . ... covi it iineiivinennn 65,946, 151
United Electrodynamics............ 12,297,961
Vernitron.. .o.ovoviii i, 2,227,495
Victoreen Instruments. . ... DD00000 . 17,191,177
Vitramon............. DOGOG00000 Bo 3.030,788
Zenith. . oveiiieiveianneesennenaas 274,167,987

-

—

6.190.160

92.939.802
20.017.958
3.381.117

28.308.038
15.171.000
11.735.516
6.549 517
10.366.187

25.902.610
85.0960.896

LOT 500,.000

36301 941

T8 175 000

T6.809.369
12.332.819
31.271.837
19.631.081

136,053,085

5.239.831
20.821.173
809 500 .958
35.053.837
90,979 000

.332.289.000

1.382.375
83.586.000
120.183.310
319.675.000

300 010185
9.176.000
17.012.295
6.001.130
11.029 822

33.269 155
2.456.919

91,896 000

539,975,000
1.829.137

3.896.485
13.390.730
9,303,821
95,568.805
1.011.938

4,285,000
690,968
232,713,153
1.312.261
66 171,971

9.227.815
1.181.303
14.012.098
2.681.958
254,111,710

—310.697

5.112.689
325.000
5.003.089
1.822.743
162.336

150,000
1.112.000
1,482, 14t

256.577

333,199

195050
3,129,038
242.078.957
3.316.285
3.774.000

5.873.872
1.178. 436
—647.000
1.790.663

207.227.597

152,571
2,021,132
36.059.031
—1.036.000
3.257.000

26.096.000
205.760
3.000

9.;

1.051.066
162 .501
35.511.000
6.877.000
300,793

919,501
400,000
162,251
3.183,966
97.963

208,100
34,000
9,116,386
62,688
1.510.577

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

1960
Earnings

$56,000
122,000
73,127
5.618,316
212,058

—430,000
5.105.000
26.118.171
27.207.60t
1.301.,091

9,235,867
—29.160
271,720
—259,188
—717.861

6.825,635
205,061
1,129 843
1.619 881
18,932

— 062,961
828,000
37.219
217,419
—12.352

616.517
—5.991.650
200. 100,000

2.968.253
72.130.000

1.991.739
1.016.650
—968. 100
1,129,811
168.180.880

316,507
1.983.450

2,822,000

—11.900.000
29,133
1.367,000
26,228,118
70.692.000

12,633,813
255,000
351.310

—860, 110
207,704

1,042,193
103,518
35,117,000
8.105,000
103,251

980,853
167,583
335,025
3,459,992
36,126

119,200
49,424
15.488,209
71,029
1.476.259

435,303
47,999

490 196
151,830
15,225,819
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By THOMAS EMMA
Associate Editor

REVIEW OF THE ANNUAL REPORTS of
70 companies in the electronics in-
dustry reveals a generally healthy
relationship between sales and
earnings for 1961 as compared with
the year 1960. Most of the com-
panies show an increase in both
sales and earnings (see table).

Five annual reports, those of
Eitel McCullough, Fairchild Stra-
tos, General Railway Signal, Pa-
cific  Automation and Tung-Sol,
show declines in sales. Earnings for
these five companies, however, were
better in 1961 than 1960. Eitel Mc-
Cullough, 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 gen-
eral, companies deriving income
partially from electronies and par-
tially from other sources reported
that their electronics divisions did
well, and attributed declines in
sales and earnings to other opera-
tions.

Bell & Howell, for example, which
derives about 42 percent of its vol-
ume from electronics said the de-
cline of about $1 million in both
sales and earnings was due to in-
creased spending for R & D and
lower performance in photographic
sales. Sales and earnings in elec-
tronic 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 devel-
opment contracts and other non-
electronic activities.

Other companies with declines in
both sales and earnings blamed in-
creased spending in capital im-
provement, increased overhead
costs and financing of product de-
velopments.

Half of the companies reporting
a drop in earnings despite in-
creases in sales attribute the
change to increased spending for
R & D. Magnetic Controls, for ex-

electronics



Reported

ample, spent $336,000 in 1961 on

research and development as
against $132,000 in 1960. Aero-
vox, Assembly DProducts, Itek,

Minneapolis-Honeywell and Stand-
ard Kollsman include stepped up
R&D spending in their reasons for
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 duriug 1961.
Decline in earnings of slightly
more than $1 million is largely at-
tributed to financing developments
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, attrib-
utes the change to severe pricing
pressures in semiconductors and
lower defense spending during
parts of 1961. Added to this, ac-
cording to the company, are the ad-
verse affects of overseas austerity
conditions on TI installations in
Great DBritain and elsewhere in Eu-
rope.

Other companies with declines in
earnings despite higher sales re-
port having used earnings to fi-
nance installations, initiate product
developments and absorb costs of
expansions started in 1960.

Echo II Canister

Deing prepared for vibration test-
ing on Griomman’s wew shaker, this
canister will contain the 135-ft in-
flatable Echo Il spherve which
NASA will lauuch as «a passive
commnnications satellite
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MARC Time Division Multiplex

alarm, remote control, and data transmission systems

MARC systems automatically monitor the status of any number of remote points,

and transmit on/off control, alarm, or data information to a central station over

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

MARC CODER AND DECODER UNITS DESIGNED FOR STANDARD RACK MOUNTING

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

Marc TDM signals can be transmitted, much
like teletype, over DC physical pairs, or
voice frequency tone channels, to modulate
carrier, wire, or microwave links. Marc can

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

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

also be used to key the baseband of a VHF
or microwave transmitter directly. Speed of
transmission of control information is ad-
justed to system requirements, within the
communication link bandwidth,

COMMUNICATION TONE
LINK RECEIVER

MARC

TONE
TRANSMITTER DECODER

UP TO 256 CONTACT CLOSURES RELAY OUTPUTS OR INDICATOR LIGHTS L

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 operat-
ing requirements of virtually any application. Systems can be simple or highly
sophisticated, depending upon the mode of operation, reliability parameters,
and time available for transmission. For details, write:

MOORE ASSOCIATES INC.

893 American Street, San Carlos, California
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FILMISTOR.

METAL FILM RESISTORS
OFFER 3 TEMP. COEFFICIENTS
TOMEETALL CIRCUIT

REQUIREMENTS ,

RUGGED END-CAP

CONSTRUCTION

FOR LONG TERM
STABILITY

EXCEPTIONAL
RESISTANCE TO
MOISTURE AND

MECHANICAL DAMAGE

SURPASS MIL-R-10509
PERFORMANCE
REQUIREMENTS

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

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

Filmistor Resistors, in V&, Y4, 1
and 1 watt ratings, surpass stringent
performance requirements of MIL-
R-10509D, Characteristics C and E.

Write for Engineering Bulletin
No. 7025 to: Technical Literature

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

For application engineering assistance,

write: Resistor Div.,, Sprague Electric Co.

Nashua, New Hampshire

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co.
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Model C Stellarator, now in experimental operation at Princeton Uni-
versity’s Plasma Physics Lab, was desigied 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 Uni-
versity scientists recently reported
results of the first few months of
experimental operation for the
model C Stellarator—third genera-
tion version of one of the major ap-
proaches to controlled thermonu-
clear fusion research.

The $35-million C Stellarator
facility has been in preliminary op-
eration since the Fall with ohmic
heating, which is designed to raise
the plasma temperature to approxi-
mately 1 million C (ELECTRONICS.
p 50. Oct. 27, 1961 and p 29, Sept. 1.
1961).

It now seems established that,
as was theorized, plasma con-
tainment time increases as the
square of the discharge tube radius.
Containment times of about 1 milli-
second 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 oc-
cur when the ohmic heating current
is removed. Results so far indicate
these losses, due largely to impu-
rities, 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 re-
ducing energy loss are low-level
ohmic heating applied for several
days, shielding the ceramic insulat-
ing sections and, most important, a
divertor to magnetically separate
the heavy-ion impurities. Scientists
hope to install the divertor in six
months; magnetic pumping mayv be
tried next year.

CIRCLE 27 ON READER SERVICE CARD—>



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 imagirative engineering that went
into his creation isn't given a second thought. That's the way it is with a skiliful |’ ‘ \
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 >f air moving units. We con-
sider it high praise when we are told we have created a simple design. Write for
Brochure 102 to the Torrington Manufacturing Company, Torrington, Conn.




Keithley simplifies microvolt measurements!

(from .002 microvolt)

Keithley microvoltmeters make quick. direct measure-
ments of low-level dc signals. Each instrument is direct
reading. with recording capabilities, and can be used with
floating or grounded input. Two units—Models 149 and
150A—feature zero suppression up to 100 times full scale.

and all units are relatively insensitive to vibration, 60
cycle fields and thermal EMF's. Available in bench or
rack mounting. Keithley has three basic models of micro-
voltmeters with range characteristics to meet your
specific requirements.

MODEL 149 MILLI-MICROVOLTMETER is the most sensi-
tive voltmeter available today. Ranges cover 0.1 pv to 100 mn
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 1079 volt peak-to-peak (6 x 10710 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
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
» shiclding for the input compartment. $895.00

MODEL 150A MICROVOLT-AMMETER has cxtra versatility. As
a de voltmeter, ranges extend from 1 pv to | volt full scale. and noise

is within 0.006 xv RMS, Input resistance
> ; is 1 megohm on the | pv range. rising to
90 megohms on less sensitive ranges. As
an ammeter, ranges cover 10710 to ]0-3
ampere full scale. As a de amplitier. gains
arc 10 to 10,000,000. The 150A can also
function as a micro-microammeter to
measure current from low voltage circuits.

MODEL 151 MICROVOLTMETER can also
function as a de amplifier, bridge null detector
and micro-microammeter. Eleven linear ranges
and § non-linear ranges cover 0.1 mv to 10 volts,
with a maximum voltage sensitivity of 100 p
full scale. Input resistance is constant at 10 meg-
ohms on all ranges. As a de amplifier. maximum
gain is 100,000; as an ammeter, currents as low
as 2 x 1078 ampere can be detected. The Model
151 has 500.000:1 in-phase rejection, with noise

and (with external voltage supply) as a
meg-megohmmeter. Applications include

less than 2% of full scale on
all ranges. Extremely stable

) B fe £y
Q ‘ output measurements of thermocouples. and oblivious to stray ficlds
| strain gages, ion chambers, phototubes or 60 cycle pick-up, the 151 is
. and scintillation counters. Also useful for useful wherever a suspension ‘ )
R . ‘ ‘ Hall Effect studies, differential thermal galvanometer can be used, ® o O
(Q’ ) analysis. cell studies, molecular weight or where a galvanometer is Py .
L N 2 analysis and to extend the range of Wheat- not sufficiently sensitive, fast i 8 \. ¢
T - stone bridges. $750.00 or rugged. $420.00 - -
Brief Specifications
MODEL RANGES ACCURACY STABILITY POWER SENSITIVITY
13 overlapping in lx, After warmup, within 0.01 Greater than
149 3x steps, 0.1 uv to 100 mv. 2% full scale on all ranges. uv per day. 4 x 10-1" watt.
150A/150AR* 13 overlapping in 1x, After warmup, within 0.1
Voltmeter 3x steps, 1 uvto 1w, 2% 1ull scale on all ranges. uv per day. Greater than
i 1y 4 x 10-'* watt.
15 overlapping in 1x, 3x After warmup, +£2 x 10-!
Ammeter steps, 10-1° to 10-? amp. 3% full scale on all ranges. ampere per day.
151/151R~ linear, 1x, 3’5 steps, 0.1 mv Linear +3% full scale After warmup, below 10 uv
151RC to 10 v: 5 non-linear, 0.001 Non-linear %10% of input per day ' 107 watt.
to 10 v; three decades each. ° : ’ :

~Models for rack mounting

complete specifications in latest catalog . ..

KEITHILEY

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

INSTRUMENTS

124156 EUCLID AVENUE [

CLEVELAND 8, OHIO

electrometers « milliohmmeters « ac amplifiers « power supplies « resistance bridges
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MEETINGS AHEAD

COMPUTER CONFERENCE, Michigan State
University; at the University, East
Tansing, Michigan, May 7-8.

COMPONENTS CONFERENCE, IRE-PGCP,
AIEE, EIA; Marriott Twin Bridges
Hotel, Washington, D. C., May 8-10.

DISTRICT
Hotel,

VIEETING,
Boston,

NORTHEASTERN
AIEE; Statler-Hilton
Mass.,, May 9-11.

BLOOD PRESSURE MEASUREMEXNT PROB-
LEMS DISCUSSION, Institution of Elec-
trical Engineers (British); Savoy P1.,
TLondon, May 11.

NATIONAL AEROSPACE ELECTRONICS CON-
FFRENCE, IRE-PGANE; Biltmore Hotel,
Dayton, Ohio, May 11-16.

AERO-SPACE INSTRUMENTATION  SYM-
posIUM, 1SA; Marriott Motor Hotel,
Washington, D. C., May 21-23.

FELECTRONICS PARTS DISTRIBUTCORS SHOW,
Electronic Industry Show Corp.; Con-
rad Hilton Hotel, Chicago, May 21-24.

SELF-ORGANIZING INFORMATION = SYS-
TEMS CONFERENCE, Office of Naval Re-
search and Armour Research Founda-
tion; Museum of Science & TIndustry,
Chicago, May 22-21,

MICROWAVE THEORY & TECHNIQUES NA-
TIONAL SYMPOSIUM, IRE-PGMTT/ Boul-
der. Colo., May 22-24.

POWER SOURCES CONFERENCE, U. S.
Army Research and Development Lab-
oratory; Shelbourne Hotel, Atlantic
City, N. J., May 2224

TELEMETERING NATIONAL CONFERENCE,
IRE-PGSET, AIEE, et al; Sheraton Park
Totel, Washington, D. C., May 23-25.

NUCLEAR CONGRESS & EXHIBIT, Engi-
peers Joint Council; Statler Hilton
Hotel, New York City, June 1-7.

RADAR ANNUAL SYMPOSIUM, University
of Michigan; at the University, Ann

Arbor, Mich., June 6-8.

MOLECULAR BEAMS CONFERENCE, Brook-
at the

Laboratory, Upton, N. Y., June 11-13.

haven National Laboratory;

FORCES COMMUNICATIONS

CONVENTION &

ARMED
ELECTRONICS

Washington, D. C., June 12-14.

WESTERN ELECTRONICS SHOW AND CON-
Los Angeles,

FERENCE, WEMA,
Calif., Aug. 21-24.

IRE;

ADVANCE REPORT

SIPACERORNE COMPUTER ENGINEFRING CON-
FRRENCE, IRE-PGEC! Digneyland  Hotel,
Anaheim, Calif., Oct, 30-31. June 135 is
the deadline for su