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M. Fourier would have liked

this Recording Wave Analyzer
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Type 1910-A Recording Wave Analyzer comes complete
with Type 1900-A Wave Analyzer, Type 1521-B Graphic Level
Recorder, and all accessories.

10dB less noise. The Recording Analyzer is ideal for this
type of measurement since its 80-dB dynamic range permits

uninterrupted recording over wide ranges.

» Three bandwidths let you choose the best selectivity for
each measurement . . . 3 ¢/s or 10 c/s for detailed meas-
urements, 50 c/s for rapid analysis or for measurement
of drifting signals. Bandwidth skirts are better than
80-dB down at 25 c/s, =80 c/s, and =500 c¢/s for 3-,
10-, and 50-cycle bandwidths, respectively.

» Linear frequency scale from 20 c/s to 54 kc/s.

. Two outputs for recording, 100 kc/s with 80-dB dy-
namic range for inputs above 0.1 V, and 1-mA dc.

80-dB dynamic range for recording. You can make un-
interrupted recordings...no attenuator switching in
the midst of measurements.

High input impedance (1-MQ) on all ranges.

Voltage range is 30,V to 300V, full scale, in 15 ranges.
Accuracy, = (3% of reading +2% of full scale).

As a “Tracking Generator,” instrument is both a signal
source (delivering 2V across 600Q) and a detector
tuned to each other exactly.

For point-by-point measurements
where the recorder is not used,
these additional wave analyzer features
add versatility and convenience
Easy-to-read in-line frequency readout graduated in 10-

cycle increments. #=0.5% calibration accuracy. Output
for counter where extreme accuracy is desired.

Incremental-frequency dial lets you fine-tune any com-
ponent, covers == 100-cycle range independently of ana-
lyzer setting.

AFC follows slowly drifting signals.

e Choice of 3 meter speeds — meter does the averaging.
e Excellent tunable filter. For example, the instrument

can be used to produce 3-, 10-, and 50-cycle bands of
noise over a tunable range from 20 c/s to 54 kc/s when
a random-noise generator is connected to the analyzer.

Price: Type 1900-A Wave Analyzer alone, $2150; Type
1910-A Recording Wave Analyzer, $3500 in U.S.A.

We believe M. Fourier’s disciples will like this Analyzer, too.

Werite for Complete Information.

IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673
IN EUROPE: Zurich, Switzerland — London, England
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GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS

NEW YORK, N. Y., 964-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C.
(Ridgefield, N. J.) 943-3140  (Oak Park) 848-9400  (Ft. Washington) 646-8030  (Rockville, Md.) 946-1600

SYRACUSE ~ DALLAS SAN FRANCISCO ~ LOS ANGELES ~ ORLANDO, FLA.  CLEVELAND
454-9323 FL7-4031 (Lo Altos) 948-8233 469-6201 425-4671 886-0150
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WIDE DYNAMIC RANGE

(up to 3 times full scale)
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 BACKED-UP
BY FAST
AUTORANGING

{< 6 milliseconds/range)

The wide dynamic range offered by the new DY-2401C Integrating Digital Volt-
meter from Dymec lets you measure signals up to three times full scale. It has 5
ranges with highly accurate 3009, overranging on the most sensitive 4. Get the - el
convenience of one-setting measurements in the much-used 1-to-3 area (e.g. 3 volts : ‘
on the 1 v range, 30 v on the 10 v range, etc.) A 6th digit displays the most
significant figure.

Should the measured signal exceed 3109% of range setting, overload circuitry
changes range to 1000 v and tells you your dvm is overloaded.

The autoranger available for the solid-state DY-2401C requires only 6 milli-
seconds per range to change and lets you take successive readings at opposite
ends of the measuring range with <34 milliseconds range-change time. This is the
fastest autoranger available. For data acquisition system applications, this means
less time changing range, therefore less per-channel time.

Not only are you able to range the 2401C, but you can also set the sixth (10
mv) range provided by the accessory DY-2411A Preamp. When using the DY-2410B
AC/Ohms Converter, you can automatically change ac and resistance ranges.

Increases or decreases in signal magnitude are precisely tracked, range is
changed where necessary and only the correct answer is displayed. With noisy
signals, no waiting while the meter hunts for the answer, and no bad guesses or
indecision. You get the right answer the first time.

DY-2401C improvements include a new reversing counter—you can accurately
measure signals in the zero region, even with positive/negative going noise on
the signal. No zero fold-over problems. You also get higher instrument accuracy:
Now 0.019 of reading, +0.0059% of full scale +1 digit (at 25°C).

DY-2401C, $3950; autoranger adds $250.

Call your local Hewlett-Packard field engineer for information and complete
specifications, or write direct to Dymec, 395 Page Mill Road, Palo Alto, California
94306. (415) 326-1755. Data subject to change without notice. Prices f.0.b. factory.

HEWLETT
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New pulser!

10 MC REP RATE!
4 NS RISE TIME!
10 VOLTS OUT!
...AND ONLY $690!
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10 v pulse at 10 mc rep rate; sweep speed 10 ns/cm.

Test the range and performance of your circuits and components
economically with the Hewlett-Packard 222A Pulse Generator. Priced
at just $690, the 222A provides 10-volt, 4 ns rise time pulses at rep
rates to 10 mc, for full-range testing of your switching circuits,
components and amplifiers.

Pulse rep rate, amplitude and width are continuously adjustable
to-match your particular test requirement. Select positive or negative
pulses with amplitudes from 0.05 to 10 v, rep rates from 10 cps to
10 mc and widths from 30 ns to 5 ms. Square waves are available
from 100 cps to 10 mc.

You can trigger the 222A externally to provide pulses synchronized
with auxiliary equipment. In addition, the 222A generates a pulse for
triggering other equipment. With the pulse delay control you can
delay the output pulse from 100 ns to 5 ms with respect to the trigger
pulse—permitting advance triggering of external circuitry.

Pulse shape is carefully controlled and specified to insure accurate,
easy-to-interpret measurements. The quality of the pulse is shown on
the oscillogram and in the brief specifications below. The pulse cir-
cuitry has a 50-ohm source impedance which insures clean pulses
when driving non-50-ohm loads, and it is dc coupled to maintain the
dc level with changes of amplitude or duty cycle.

Your Hewlett-Packard field engineer is ready to demonstrate the
222A on your bench. Give him a call. Or write for complete data to
Hewlett-Packard, Palo Alto, Calif. 94304, Tel. (415) 326-7000; Europe:
54 Route des Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

SPECIFICATIONS, output pulse

Source impedance: 50 ohms =*=3%, approx. 15 pf shunt
Puise shape
Rise and fall time: <4 ns
Overshoot and ringing: <4% peak of pulse amplitude
Corner rounding: occurs no sooner than 95% of pulse amplitude
Time to settle within 3% of flat top: <20 ns
Preshoot: <2% on leading edge, <4% on trailing edge
Perturbations on flat top: <3% of pulse amplitude

Pulse voltage: positive or negative, 1, 2, 5 step attenuator, with vernier,
provides continuous adjustment from 0.05 to 10 v (into 50 ohms)

Pulse width: continuously adjustable from 30 ns to 5 ms in 6 ranges
Max. duty cycle: at least 50%, 100 cps to 10 mc
Price: $690

Data subject to change without notice. Price f.o0.b. factory.

HEWLETT

2 Circle 2 on reader service card
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. Design

Two ways to measure distortion

The system designer must choose the best method
on the basis of the information he seeks

Charles R. Moore, Hewlett-Packard Co.

MOS integrated circuits save space

and money (cover)

Newest IC technology reduces system cost
by allowing more complex functions per chip
Donald E. Farina and Donald Trotter

General Micro-electronics, Inc.

The expanding market

Only two firms have commercial units, but
the list of MOS IC users is growing
Jerome Eimbinder, solid state editor

Designer’s casebook
[] Phase demodulator needs no tuning
[] Modulated pulse width converted to
analog voltage
[] Forming accurate dividers
[] Phototransistor regulates illumination intensity

Il. Manufacturing

Chips are down in new way to build large
microsystems

Face-bonding uncased IC chips produces
high-speed thin-film memory

Max Bialer and Lt. Albin A. Hastbacka,
Wright-Patterson AF Base, and T. J. Matkovich,
Univac div. of Sperry Rand

11l. Application

Powerful scr’s control industry’s biggest machinery
Solid state components are taking on big jobs
Robert Cushman, industrial electronics editor
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Readers Comment

Ampex not first

To the Editor:

I want to point out that in the Aug.
23 issue, the new product article
on page 129 is misleading. It reads:
“Up to now, the best instrumenta-
tion tape recorder had a time base
error of 250 microseconds at tape
speed of 120 inches per second.
Now the Ampex Corp. offers a
recorder with time base error of
only 2 microseconds at 120 inches
per second.” This statement im-
plies that Ampex Corp. is first with
such a recorder—which they are
not.

At the 1964 Wescon show in Los
Angeles, Honeywell, Inc., demon-
strated its 7700 recorder. This re-
corder has time displacement error
of only 1 microsecond at 120 ips.
In the early part of 1964, Winston
Research Corp. announced a low
time displacement recorder, their
Model L-6000. This recorder has
an absolute time displacement er-
ror of 0.5 microsecond at 120 ips.

Again, during the 1964 Wescon,
the Mincom division of the 3M Co.
demonstrated a low time displace-
ment recorder—the TICOR II. This
recorder specifies time base error
of 0.5 microsecond at 60 ips; how-
ever, 120 ips is standard speed.

Mordechai Arditti
Engineer
Bell & Howell Research Center
Pasadena, Calif.

Realistic engineers

To the Editor:

What Dean J.D. Ryder has failed
to acknowledge [Sept. 6, p. 4] is
that while the engineering profes-
sion offers challenge at all levels
of theoretical competence, it is pre-
sumptuous to assume that all engi-
neering graduates will pursue ca-
reers in the areas of research of
advanced development.

Educators who would mislead
the student into believing that the
mark of accomplishment and recog-
nition in today’s engineering pro-
fession is reserved for those who
choose to pursue the more theo-
retical fields of endeavor are com-
mitting a gross injustice.

While it is commendable to in-

Electronics | October 4, 1965



(Advertisement)
Powerlytic® Capacitors
in 42 Case Sizes
Insure Maximum Capacitance
in Minimum Space

Designed to pack high capacitance
into areas that provide limited
space, tubular case Powerlytic Ca-
pacitors can be procured in 20 dif-
ferent sizes while cylindrical Power-
lytics are available in 22 case sizes.

Smaller companion to Sprague’s
proven 36D cylindrical aluminum
electrolytic, the Type 39D Power-
lytic is well qualified for transistor-
ized circuitry that requires maximum
capacitance in case sizes ranging
from 22" x 118" to 1" x 338"

Type 39D tubular Powerlytics are
designed for operation at tempera-
tures up to 85 C. Their unique con-
struction has welds at all critical
anode and cathode terminals—there
are no riveted or pressure connec-
tions. As a result, open circuits are
prevented, even in the microvolt
signal range.

Improved molded phenolic end
seals contribute to an unusually long
life (expectancy, 10 years or more)
for type 39D Capacitors. They have
low effective series resistance and
low leakage current. Standard rat-
ings include capacitance values to
18,000 pF, in voltages from 3 to
450 VDC.

Type 36D cylindrical case Power-
Iytics, designed for space economy
in applications such as computer
power supplies, industrial controls,
and high gain amplifiers, are avail-
able in case sizes from 138" x 218"
to 3” x 59", Designed with reliable
safety vents, Type 36D Powerlytics
also have superior seals employing
molded covers with recessed rubber
gaskets. They are available in stand-
ard ratings from 3 to 450 VDC with
capacitance values to 270,000 pF.

For complete technical data on
Type 36D or Type 39D Powerlytic
Capacitors, write for Engineering
Bulletins 3431B and 3415, respec-
tively, to Technical Literature Serv-
ice, Sprague Electric Co., 35 Mar-
shall St., North Adams, Mass. 01248.

45C-5142

Circle 5 on reader service card

Reasons Why SPRAGUE is a

Major Resistor Supplier

e s

FILMISTOR®
PRECISION FILM RESISTORS

RNTOC

metal-film, molded case

Distinct limited temperature coefficients
and low tolerances to meet exacting appli
cation requirements. Rugged end cap
construction for long-term stability and reli-
ability. Superior resistance to humidity and
mechanical damage. Surpass MIL-R-10509E
requirements. Send for Bulletin 70258,

deposited-carbon, molded case

Approach precision wirewounds in reliability
and stability, yet are smaller in size and
have lower self-inductance. Low, controlled
temperature coefficient. Dense molded case
provides outstanding humidity protection.
Send for Bulletin 7000A.

deposited-carbon, conformal coated

Full rated load operation at 70 C with no
wattage derating. Assured uprated loads at
lower operating temperatures. Ideal for cir-
cuitry where small size, humidity resistance,

and close tolerance (==19%) are required.
k Send for Bulletin 7005A.

Circle 270 on reader service card

KOOLOHM® CERAMIC-SHELL
; POWER WIREWOUND RESISTORS

Exclusive ceramic-insulated resistance wire permits “short-

proof” multilayer windings for higher resistance values.
Standard and non-inductive designs. Non-porous ceramic
shell for moisture protection and electrical insulation. Axial-
lead, axial-tab, and radial-tab styles. Send for Bulletins
7300B, 7305, 7310.

Circle 273 on reader service card

GCRASIL“’ PRECISION/POWER\
WIREWOUND
RESISTORS

silicone-encapsulated
Combine the best features of
both precision and power wire-
wound types. Resistance toler-
ances to +0.05%. Unusually
tough encapsulation protects
against shock, vibration, mois-
ture, fungus. Meet MIL-R-26C
requirements. Smaller than con-
ventional wirewounds, yet
greater in stability. Send for

k Bulletin 7450. /

Circle 271 on reader service card

BLUE JACKET®
VITREOUS ENAMEL
POWER WIREWOUND RESISTORS

e T

All-welded end cap construction with
special vitreous coating for long-term
dependability. Axial-lead style for con-
ventional wiring or on printed boards. Tab
terminals for higher wattage applications.
Meet MIL-R-26C requirements. Send for
Bulletins 7400B, 7410D, 7411A.

Circle 272 on reader service card

STACKOHM® \
POWER WIREWOUND
RESISTORS

GLASS-JACKETED

also available. Send for Bulletins 7350, 7420, 7421.

POWER WIREWOUND RESISTORS

Ferrule terminals soldered to metallized ends of glass casing
for true hermetic seal. Virtually failure-proof, even in ex-
tremely corrosive industrial and salt atmosphere. Standard

and non-inductive windings. External meter-multiplier types

Flat silhouette permits
stacking of resistor banks
in close quarters. Alumi-
mum thru-bar simplifies
mounting and conducts
heat from resistance ele-
ment. Vitreous enamel
protective coating. Meet
MIL-R-26C performance

requirements. Send for
quetin 7430,

\

Circle 274 on reader service card

For complete technical data, write for
engineering bulletins on the resistors
in which you are interested to: Tech-
nical Literature Service, Sprague
Electric Company, 35 Marshall
Street, North Adams, Massachusetts.

4 SR-166-63 R2

Circle 275 on reader service card

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ' (@’ are regi ks of the S Electric Co.

5



What do you look for in trimming potentiom-
eters? Probably the same things that Helipot
has established in 20 years of leadership in
precision pots. By almost any standard of
measure, you get more in the broad line of
Helitrim® trimmers. If force of habit has
caused you to overlook the important facts
below, take a minute to brush up. You’ll be
doing yourself a favor.

Measure for Mounting Styles. Sizes and shapes
to meet any application. Leads, pins, solder
lugs and various panel mounts. All pin con-
figurations, too, so they’ll fit anywhere any
other trimmer will.

Measure for Resistance Range. From 10 ohms
to 2 megohms in every model, widest range
in the industry. Rugged cermet resistance ele-
ment, too, that has it all over wirewound or
carbon elements. The cermet element is im-

Circle 6 on reader service card

Here are some of the rules for measuring

once you take

the measure of
Helipot trimmers,

you'll use them
as a rule

mersible, shock resistant, free from sudden fail-
ure and offers essentially infinite resolution.
Measure for Price. Helitrim trimmers stretch
to fit any requirement and price, from military
models to commercial trimmers priced below a
dollar in quantity. They’re all priced compet-
itively or below trimmers you may currently
be using.

While you’re measuring, don’t forget
availability. Helitrim trimmers are available
from stock in large quantities, and there are
32 Helipot sales offices to serve you. Ask
one for the new Helipot trimmer catalog.

[SY 0= 1aM INSTRUMENTS, INC.

HELIPOT DIVISION

FULLERTON, CALIFORNIA « 92434
INTERNATIONAL SUBSIDIARIES: GENEVA, SWITZERLAND;
MUNICH, GERMANY; GLENROTHES, SCOTLAND; PARIS, FRANCE;
TOKYO, JAPAN; CAPETOWN, SOUTH AFRICA
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still the desire to perform research
and advanced development work in
students who possess both the in-
terest and ability, it is equally im-
portant that academicians be real-
istic in assessing the industrial
requirements for these embryo en-
gineering scientists.

Since the role of graduate schools
should be to introduce courses of
an advanced nature in mathemat-
ics, physics, and other related tools
of the research field, it is impera-
tive that the undergraduate cur-
riculum contain an adequate share
of the “nuts and bolts.”

Frederick C. Burgwardt
Assistant professor of Electrical
Engineering, 1956-1964
Clarkson College of Technology
Potsdam, N.Y.

Chromatron fights back

To the Editor:

In both the June 1, 1964 and the
May 31, 1965 issues, articles ap-
peared about a color television tube
being developed by the Yaou Elec-
tric Co. in Japan. In both of these
articles, the Yaou tube was com-
pared to the Chromatron tube, but
the comparisons did not reflect the
most recent status and performance
of the Chromatron tube. For some
years, the conjured-up defects,
some imagined or predicted on pa-
per, have not existed. Here is an
up-to-date correct statement of
some of these problems referred to
in the articles.

The Chromatron can be and has
been made wusing nonelectronic
printing techniques. The electron
printing technique is a one-step
process. The phosphor position for
each color can be determined with
one evacuation using differential
exposure techniques that have been

SUBSCRIPTION SERVICE

developed.

To maintain color purity, Chro-
matron tubes are now made with
one color selector grid which pro-
duces a 3- to 7-mil spot on a 13-mil
phosphor stripe.

Chromatron picture tubes can be
used in transistor sets. Fairchild
Semiconductor, a division of the
Fairchild Camera & Instrument
Corp., has built an 11-inch Chro-
matron set to demonstrate the use
of transistors in color tv. In Japan,
the Sony Corp. is producing a tran-
sistorized color set for sale to com-
mercial airlines.

Switching power is reasonable,
well under the 20 watts charged to
Chromatron tubes by Yaou. We
have made an eight-inch set which
required only 7 watts of d-c power
into the switching driver stage, and
an 1l-inch set which required be-
tween 10 and 12 watts.

There is no problem of spurious
radiation from the 3.58-megacycle
switching. Large Chromatrons—22-
inch sets which require more
switching power—have been dem-
onstrated side by side with black-
and-white sets and other color sets
with no interference. Measure-
ments show the Chromatron set is
well below the maximum allowable
specifications for radiation.

Color bowing is not a problem.
We have made 22-inch tubes with
a resolution capibility of 550 lines
and eleven-inch tubes with a reso-
lution of 300 lines.

Using a circuit concept we have
patented, a Chromatron set can be
and has been operated without any
color demodulators in one of its
many modes of play.

Peter Ramella
General manager,
Chromatic Division
Paramount Pictures Corp.

New from Sprague !

Subminiature
Bandpass

TELEMETERING
FILTERS

W\

Extremely
flat pass bands
~ with no sacrifice
\_in stop band
\_ attenuation!

Designed for standard IRIG channels,
Sprague Telemetering Filters are sealed
in metal cases with special potting
compound for protection from humid-
ity and other atmospheric conditions.

Check these key characteristics!

Insertion loss: < 2 db
Input and output
impedance:
Maximum power:
Operating temp.:
Bandwidth data:

—20 C to +105C
(a) 14.5 kc and below
<1ldb @ +75% Fp

>30db @ 5and 2 Fp

(b) 22 kc and above
< 8db@ +16.2% Fo

Please include an Electronics Magazine address
label to insure prompl service whenever you
write us about your subscription,

Mail to: Fulfillment Manager

CHANGE OF ADDRESS

ATTM:H If you are moving, please let us know
UBEI. five weeks before changing your address.
Place magazine address label here, print

Electronics HE E your new address below.
P.0. Box 430
| Hightstown, N.J. 08520 X
I To subscribe mail this form with your payment
I and check [J new subscription [J renew my ! name
| present subscription
I Subscription rates: in the U.S.: 1 year, $6; two | address
years, $9; three years, $12. Subscription rates
| for foreign countries available on request
city state

e i
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For complete

4SF-177-63 RI

>40db @ 5and 2 Fp

Application engineering assistance is
available to you from strategically
located Sprague Filter Development
Centers in North Adams, Mass.; Van-
dalia, Ohio; and Los Angeles, Calif,

information, write to

Filter Division, Sprague Electric Co.,
35 Marshall St., North Adams, Mass,

SPRAGUE

THE MARK OF RELIABILITY

'S and '@’ are

of the S Electric Co.
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Rugged, Ceramic
Beam Pentode

for Critical Linear
Amplifier Applications

Combine unique, rugged internal tube construction,
Penta’s patented vane-type suppressor grid, and low
interelectrode capacitance and you have the new
PL-8641 ceramic beam pentode. You will find it an
ideal tube for critical linear applications.

As a Class-AB, amplifier, the new PL-8641 will
deliver over 5500 watts of useful PEP output, with
5000 plate volts and 1000 volts on the screen grid.
Plate dissipation is conservatively rated at 3000 watts.,

A unique thoriated tungsten mesh filament is used
in the PL-8641, permitting reasonable electrode
spacings. This means a rugged, dependable tube.

These are the maximum ratings for the new PL-8641:
Filament Voltage 6.0 volts
Filament Current 85 amperes
Plate Voltage 5000 volts
Plate Current 2.0 amperes
Screen Voltage 1000 volts
Plate Dissipation 3000 watts

Write today for full details on this newest addition to
the Penta line of dependable beam pentodes. The
Penta Laboratories, Inc., 312 N. Nopal Street,

Santa Barbara, California 93102.
A Subsidiary of Raytheon Company.

8 Circle 8 on reader service card

People

The National Aeronautics and
Space Administration has again
turned to James C. Elms to coor-
dinate work on
manned space
flights. Elms re-
cently resigned
from his post as
vice president
and general
manager of
space and infor-
mation systems
at the Raytheon Co. to become
deputy associate administrator in
the office of Manned Space Flight.
In his new job, he will coordinate
projects at Cape Kennedy, the
Marshall Space Flight Center at
Huntsville, Ala., and the Manned
Spacecraft Center at Houston.

Elms has had such a task before.
In 1963 he left the post of space
electronics director at the Ford
Motor Co.’s Aeronutronics division
to become deputy director of the
Manned Spacecraft Center for one
year. His principal task was to or-
ganize the rapidly growing center,
freshly split off from the Langley
Research Center at Hampton, Va.,
to handle the billion-dollar research
and development program for proj-
ects Gemini and Apollo.

In 1954, Lt. Col. Albert R. Shiely
opened a management office in
New York for the Air Force
and set out to
attain a radic-
ally new air-de-
fense  system.
He succeeded.
For three years
he was in charge
of engineering
for three net-
works: Sage, the
the semi-automatic ground-environ-
ment system; Dew Line, the distant
early-warning line across Canada;
and White Alice, the communica-
tions network in the Arctic.

Last month Shiely, now a colonel,
became vice commander of the Air
Force’s Electronic Systems divi-
sion at Hanscom Field, Mass. The
division manages the development
and procurement of more than
30 command-and-control systems,
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10 X More Power
With Water-Cooled
UHF Planar Triodes

Machlett Laboratories has developed a
simple, yet unique water cooling device
for UHF planar triodes which permits
CW output powers up to 10 X higher
than previously attainable. Plate
dissipation capability on one tube, the
ML-7815, with water jacket, exceeds
400 watts. Comparable figure for
forced-air-cooled ML-7815 is 100 watts;
same tube with anode cover is 10 watts.
Water cooling also makes possible
operation at high cathode current
densities—eg., a variation of the
ML-7289 with water jacket is rated at
2 kV with 400 mA cathode current; a
standard ML-7289 is capable of 1 kV
and 125 mA cathode current. Water
jackets are currently available on
special ML-7289, ML-7698, ML-7815,
ML-7855, ML-8403 and ML-8533. Write
the Machlett Laboratories, Inc.,
Springdale, Conn. 06879. An Affiliate

of Raytheon Company.

ELECTRON TUBE SPECIALIST
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LOW NOISE

Transistors

THE 2N 3880
3.5 db max. System Noise Figure at 450 mc. Selected ver-
sions available down to 2.5 db max. System Noise Figure
at 450 mc. (5.5 db max. at 1000 mc.) All available in
TO-50 packages.

THE K 1201 MOS FET
4.5 db max. System Noise Figure at 450 mc, 45 db AGC

range, 400 mv Dynamic Range giving 1% cross-modulation.
Selected G,,'s to 3000 umhos minimum.

@ 2 Ge

K 2503: 30 mw @ 2 Ge.

fy = 1700 @ V., = 10 volts, I, = 30 ma.
K 2502: 85mw @ 1Gec in TO - 46
K2501: 70mw @ 1Gc in TO- 18

OSCILLATOR

Transistors

@ TUNNEL DIODES

Back diodes = = = down to 25 microamps.

Low-noise microwave diodes in Ge, GaSb and GaAs to 50 Ge.

1.0 K = factor max. @ f,, = 50 Ge.

KMC MANUFACTURES SEMICONDUCTOR DEVICES ONLY, AND IS NOT
YOUR “BLACK-BOX' COMPETITOR.

FOR CATALOGS AND SPECIFICATIONS = = = WRITE OR PHONE

semiconductor corporation

PARKER ROAD, LONG VALLEY, NEW JERSEY (201) 876 - 3811
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most of which are technical de-
scendants of Sage.

The holder of a master’s degree
in electrical engineering, Shiely is
the second electronics engineer to
reach the command level at the
Electronic Systems command. The
other is Maj. Gen. O.]. Glasser.

Under his command are com-
munications and display networks
for Air Force headquarters, trans-
portable electronics for tactical
warfare, an electromagnetic intelli-
gence gathering system, and the
North American Air Defense Com-
mand in the Cheyenne Mountains.

Most of these systems are com-
puter-based descendants of Sage.
Sage has its critics. They say its
price, about $5 billion, was too
high; that it is too big and complex;
and that it required mammoth,
costly programing. But these crit-
ics are vigorously rebutted by
Shiely. “It was, and remains, a real
technical achievement, approach-
ing in significance our best missile
and aircraft programs,” the colonel
declares. “The Sage project was
the first attempt to use digital com-
puters in a real-time tactical situa-
tion. An operating system was pro-
duced which exceeded Air Force
expectations.”

After the start of Sage in 1957,
the New York management group
joined a team from Wright-Patter-
son Field, Ohio, to establish the Air
Defense Systems’ Integration Divi-
sion at Hanscom Field. This blos-
somed into what was commonly
called C2D?, the Command-and-
Control Development division. In a
subsequent reorganization of the
Air Force Systems Command this
facility was designated the ESP.

Military commands sometimes
complain about the increasing com-
plexity of electronic systems. Shiely
concedes that this is a special
problem, and says ESD is devoting
special attention to it. “Develop-
ments in weaponry, the advent of
missiles, and the changed nature of
warfare have led to increased com-
plexity of the equipment needed to
command and control the weap-
onry,” he says. This is particularly
serious in the development of tacti-
cal systems, “where you can easily
get into more complexity than you
can possibly handle.”

Shiely is a graduate of the
United States Military Academy at
West Point.
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New, expanded line of
DCR power supplies up to 2500 watts

B NOBATRON
\\\u\ll ”"‘I‘,,'
A . " s& DCRI50-15

OC AMPERES

THERMAL POW!R
OVERLOAD e

COARSE

VOLIAGE ADJUST CUR, LIMIT AMPS

1.20 SILICON CONTROLLED RECTIFIER SUPPLIES AVAILABLE...Delivery in to constant current operation, or from constant current to constant voltage

30 days or less. operation, at any operating point.

2. LOW PRICES... Starting at $325 (Voltmeter and Ammeter included with no 8. REMOTE PROGRAMMING . .. Voltage and Current

increase in price) 9. REMOTE SENSING ... At distances up to 200 feet

3. COMPACT PACKAGING 10. SERIES OR PARALLEL OPERATION

4. HIGH EFFICIENCY 11. VOLTAGE REGULATION... (as low as =0.075% or 15 mv) line and load com-,
5. CONSTANT VOLTAGE REGULATION...with continuously adjustable current  bined

limiting. 12. CURRENT REGULATION...As low as=15 ma

6. CONSTANT CURRENT REGULATION ... with continuously adjustable voltage 13. LOW RIPPLE

limiting. 14. RFI SUPPRESSION (Typical within 10 db of MIL-1-26600)

7. AUTOMATIC CROSSOVER...full automatic transition from constant voltage 15. COARSE AND FINE VOLTAGE CONTROLS

For complete data on the DCR series and other Sorensen products, send for the new, 140-page “Controlled Power Catalog
and Handbook.” Write to: Sorensen, Richards Avenue, South Norwalk, Connecticut. Or use Reader Service Card Number 200.

DCR ELECTRICAL AND MECHANICAL SPECIFICATIONS:

CONSTANT CONSTANT PACKAGE
VOLTAGE VOLTAGE REG. ouTPUT CURRENT VOLTAGE SIZE
MODEL RANGE (LINE & LOAD  CURRENT RANGE CURRENT RIPPLE TRANSIENT (INCHES) WEIGHT
NUMBER (vDC) COMBINED) (AMPS.) (AMPS.) REG. (RMS) RESPONSE WIDTH HEIGHT DEPTH (LBS.) PRICE
DCR 300-1.25 0-300 *=.075% or60mv 0-1.25 0.125to 1.37 = 15ma 0.4% + 300mv 30msec 19 5Y4 15 52 $325
DCR 150-2.5 0-150 *=.075% or30mv 0-25 0.25 to 2.75 *£ 15ma 0.4% + 150mv 30msec 19 5Y, 15 52 325
DCR 80-5 0-80 =.075% or20mv 0-5 05 to 55 = 15ma 04% + 80mv 30msec 19 5Y, 15 56 325
DCR 40-10 040 =*=.075%orl5mv 0-10 1 to11.0 = 20ma 0.4% + 40mv 30msec 19 5% 15 55 825
DCR 300-2.5 0-300 *=.075% or60mv 0-2.5 0.25 to 2.75 = 15ma 0.4% + 300mv 30msec 19 5% 18 77 525
DCR 150-5 0-150 *£.075% or30mv 0-5 05 to 55 = 15ma 0.4% + 150mv 30msec 19 54 18 77 525
DCR 80-10 0-80 = 075% or20mv 0-10 10 tol1l1.0 = 20ma 0.4% + 80mv 30msec 19 5% 18 7z 525
DCR 60-13 0-60 *.075%orl15mv 0-13 1.3 tol1l43 = 20ma 0.4% + 60mv 30msec 19 5Y 18 ¥ 74 525
DCR 40-20 0-40 =*=.075%or15mv 020 20 t0220 = 25ma 0.4% + 40mv 30msec 19 5Y 18 75 525
DCR 300-5 0-300 *=.075% or60mv 0-5 05 to 55 = 15ma 0.4% + 300mv 30msec 19 7 18 95 710
DCR 150-10 0-150 #*.075% or30mv 0-10 1.0 tol1ll.0 = 20ma 0.4% + 150mv 30msec 19 7 18 95 710
DCR 80-18 0-80 =*=.075%or20mv 0-18 18 t0198 = 25ma 0.4% + 80mv 30msec 19 7 18 98 710
DCR 60-25 0-60 = 075% orl5mv 025 25 to275 = 25ma 0.4% + 60mv 30msec 19 74 18 100 710
DCR 40-35 0-40 =*=.075%orl5mv 035 35 t0385 = 35ma 04% + 40mv 30msec 19 7 18 102 710
DCR 300-8 0-300 *.075% or60mv 0-8 08 +to 88 = 20ma 0.4% + 300mv 30msec 19 7 18 115 825
DCR 150-15 0-150 £.075% or30mv 0-15 15 tol1l6.5 = 25ma 0.4% + 150mv 30msec 19 T 18 1195 825
DCR 80-30 0-80 =*=.075%o0or20mv 030 3.0 t0o33.0 = 30ma 0.4% + 80mv 30msec 19 7 18 120 875
DCR 60-40 060 =*=.075%orl5mv 040 4.0 to44.0 = 40ma 0.4% + 60mv 30msec 19 7 20 130 900
DCR 40-60 0-40 =*=.075%o0rl1l5mv 060 6.0 to66.0 = 60ma 0.4% + 40mv 30msec 19 7 20 131 925
DCR 20-125 0-20 =*.075%or 8mv 0-125 0O to125 =125ma 0.4% + 20mv 30msec 19 10% 20 169 1050

S
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If you read this ad you may have
to redesign your next computer.

(you may have to anyway.)
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Fairchild Complementary Transistor Micrologic (CT.L) is drastically changing all

existing speed/cost ratios in the computer industry. If you are not already using CTuLL

(many computer manufacturers are) here are 10 reasons why you should:

1 e Complementary Transistor Micrologic
combines PNP and NPN transistors in a
single monolithic circuit. As you know from
your experience with discrete components
this form of logic provides very fast propa-
gation rates but isn’t very stable.

2. We added a resistive network to the
CTuL elements to arrive at a circuit which
is as stable as DTL logic—and at least twice
as fast.

3 e In our newer circuits we substitute an
input voltage clamp for the resistive net-
work. This damps out ringing, eliminates
additive harmonic effects, and stabilizes the
circuit to a point where you can drive a 15-
foot line instead of a 1-foot maximum,

40We then turned to the package and
designed it for your particular needs: highly
reliable, but with less concern for space than
is necessary for military applications.

So As a result you can use CTuL ele-
ments just like discrete components: use
standard boards instead of multi-layer;
insert by hand or machine instead of using
expensive carriers; flow solder instead of
precision weld; use standard wiring on your
back-panel instead of twisted pair or coaxial.

60 We make a complete line of CTuL
(see listing below) consisting of all the
elements you need to design virtually every
standard logic function in the book.

7. CTuL is a field-proven line, in pro-
duction, available for immediate delivery
from distributors.

8.Last, but by no means least, CTuL
costs less per decision than any other logic
form on the market today—and that includes
the one in your back room.

9 e If you don’t want to design a computer
which is either slower or more expensive
than the competition, we suggest that you
get some CTuL circuits now. Or write us
for complete information.

CTuL Elements: CTuL952 Dual 2-input inverter/NOR gate CTuL953 2,2,3-input AND gate CTulL954 Dual 4-input AND gate CTulL955 Single 8-input AND

gate CTul956 Dual 2-input buffer CTurL957 Dual-rank flip-flop

CTuL964 3,3,1-input AND gate

CTuL965 Quad one-input AND gate CTuL967

J-K flip-flop CTuL968 Dual latch. Micrologic and CTuL are FAIRCHILD Trademarks. Micrologic: FAIRCHILD SEMICONDUCTOR'S Trade Name for

dAnalog and Digital Monolithic Circuits.

Electronics | October 4, 1965
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see 4 response

traces on single-
trace scope

measurement by comparison
up to 1,200 me

NEW

JERROLD
SOLID-STATE

3-POSITION
COAXIAL SWITCHER

Model TC-3 $29500

Turn any single-trace oscilloscope
into a 4-trace scope; insert two refer-
ence traces automatically in addition
to test trace and baseline. These
references have advantage of per-
manent relative accuracy over
scribed or painted lines.

Results are repeatable, as accurate
as your reference attenuators. Gen-
erator and scope drift do not affect
accuracy of measurements. Fre-
quency from dc to 1,200 mc extends
usefulness of comparison technique
well into the UHF band. The TC-3
Coaxial Switcher can save you thou-
sands of dollars in speed and accu-
racy. Write for literature.

JERROLD

ELECTRONICS

Industrial Products Division,
Philadelphia, Pa. 19132

In Canada: Jerrold Electronics,
60 Wingold Ave., Toronto 19, Ont.
Export: Rocke International,
13E.40th St., New York, N.Y. 10016

SWEEP GENERATORS ® AMPLIFIERS
PRECISION ATTENUATORS ® COMPARATORS
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Meetings

National Communications Conference
(NATCOM), Mohawk Valley Section of
IEEE; Utica, N.Y., Oct. 11-13.

International Congress and Exhibition
for Instrumentation and Automation,
Arbeitsgemeinschaft Interkama;
Exhibition Grounds, Duesseldorf,
Germany, Oct. 13-19.%

Exhibition and Congress of Telecom-

munications, International Television

Committee (CIT); Milan Fair Grounds,
Italy, Oct. 14-23.

Nuclear Science Symposium, IEEE;
Hilton Hotel, San Francisco, Oct. 18-20.

Sensitivity in Control System
Synthesis Conference, AFOSR and the
Univ. of lllinois; Univ. of Ill., Urbana,
1l., Oct. 19.

Conference on Radio, Astronomical and
Satellite Studies of the Atmosphere,
AFCRL; Sheraton-Boston Hotel, Boston,
Oct. 19-21.

Symposium on Economics of Automatic
Data Processing, International
Computation Center; Palazzo dei
Congres, Rome, Italy, Oct. 19-22.

Systems Effectiveness Conference, EIA;
Sheraton Park Hotel, Washington, D. C.,
Oct. 19-20.

Allerton Conference on Circuit &
System Theory, G-CT IEEE, Univ. of

Ill.; Conference Center, Univ. of lllinois,
Monticello, Ill., Oct. 20-22.

Electronic Interconnection Tech-
niques and Packaging Conference, SAE;
International Hotel, Los Angeles, Oct.
20-21.

Annual Technical Meeting, Electronic
Devices Group of the IEEE; Sheraton
Park Hotel, Washington, D. C., Oct.
20-22.

International Microminiaturization
Symposium, IFAC, IFIP; Munich,
Germany, Oct. 21-23.

National Electronic Conference,
IEEE; McCormick Place,
Chicago, Oct. 25-27.

Aerospace and Navigation Electronics
East Coast Conference (ECCANE),
G-Ane, Baltimore Section of IEEE;
Holiday Inn, Baltimore, Oct. 27-29.

mernn

Energy Conversion and Storage
Conference, Oklahoma State University,
Stillwater, Oct. 28-29.

Conference on Men, Machines and
Automation, Institution of Production
Engineers; Eastbourne, England, Nov.
7-10.

Conference on Hall Effect Applications,
Electron Devices Group of IEEE; Kresge
Little Theatre, MIT, Cambridge, Nov.
8-9.

Materials for Electron Devices and
Microelectronics Meeting, ASTM; ASTM
Headquarters, Philadelphia, Nov. 9-10.

Industrial Electric Exposition, Electric
League of Western Pennsylvania; Hilton
Hotel, Pittsburgh, Nov. 9-11.

Research and Development Meeting,
New Jersey Council for Research and
Development; Princeton Inn, Princeton,
N. J., Nov. 10.

Engineering in Medicine and Biology
Conference, ISA, IEEE; Sheraton Hotel,
Philadelphia, Nov. 10-12,

Call for papers

Frequency Control Symposium,
U. S. Army Electronics Command;
Shelbourne Hotel, Atlantic City,
N. J., Apr. 19-21. Dec. 1 is dead-
line for submission of four copies
of 500-word summary to M. F.
Timm, Director Electronic Com-
ponents Laboratory, U. S. Army
Electronics Command, Att:
AMSEL-KL-ST, Fort Monmouth,
N. J. 07703.

Joint Computer Conference, Ameri-
can Federation of Information
Processing; Boston, Mass., Apr.
26-28. Nov. 1 is deadline for sub-
mission of five copies of initial
draft and 150-word abstract to the
Program Committee, 1966 SJCC,
P. O. Box 460, Lexington, Mass.
02173.

* Meeting preview on page 16
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- Here's Lucky Item #13 in the Fluke '65 Pacesetter Line

Accuracy £0.0025%. Maximum meter resolu-
tion, 0.1 ppm. Fourteen pounds later you have
the new solid-state Fluke 885 DC Differential
Voltmeter, the first truly portable laboratory
standard. Peak-to-peak reference stability

1s 15 ppm for 60 days. Use the Fluke 885 as an
isolation amplifier. Grounded recorder output
is so well isolated that a short-circuit at the
output produces no voltmeter reading error.

Ground loops are completely eliminated when
the battery powered Model 885AB is used.

Other Specifications: Range, 0 to 1100 Volts. Null sensitivity,

100 microvolts full scale. Line regulation better than 2 ppm.

No zener oven, less than 30 seconds warm-up time.

Cabinets can be half rack or full rack mounted with optional mounting kits.
Price of the Model 885A line cord version is $1,195.

The battery powered Model 885AB is $1,325.

FLUKE ¢« Box 7428 « Seattle, Washington 98133 « Phone: (206) PR 6-1171 « TWX: (910) 449-2850

Model 885A reading precise voltage
from Model 332A Voltage Calibrator on 10V range

49
MODEL B85 As
INC -

DC DIFFERENT)

G AT RIS T AR A T e



Meeting preview

Automation in Duesseldorf

Papers on the application of the
computer to industrial processes
dominate the technical sessions of
Interkama, the big industrial in-
strumentation and automation ex-
position held every five years in
Germany.

The show, which runs Oct. 13 to
19 in Duesseldorf, is sponsored by
13 German scientific and technical
groups.

The application of computers to
various industrial processes ac-
counts for a large number of the
72 papers to be presented. Papers
will be given on the use of the
computer in the power industry
and in the chemical industry and
D on automation of production con-
ATIANTIC - NORTH ATLANTIC: NORT trol and electronic material flow
NORTH ATLANTIC " NORTH ATLANTIC simulation and control.
ATTANTIC - NORTH ATLANTIC - NORT The impact of the computer on
Europe’s electric power industry is
reflected in a number of papers, in-

you are IOOklng at cluding discussions of direct digital

control in power plants, and the

the State-Of'the'art pl‘()f_{l'zllninf_{l of dig}{ita] computers

° ° for application to steam power

in reSOI‘rer/synChro teStlng plzmtsl. IThr(*v papers will gil\'e in-

formation on the progress and

These two instruments provide the widest measurement capability available today problems in the use of automation

for resolver/synchro testing. Each is a dual-mode unit, measuring both resolvers and remote control by electric

and synchros. Series 530 Simulators are ideal transmitters, and Series 540 Bridges POWEL companies in France and
are ideal receivers. Switzerland. i :

Other sessions go into automa-

In addition to their dual-mode capability in 3% of panel space, both series provide tion in manufacturing plants, in

in-line decimal readout continuously switched through 360°, 2 second accuracy at parts inspection and quality con-

trol, and in raw and processed ma-
terial testing. Analog, digital, and
SERIES 530 SIMULATORS FEATURE SERIES 540 BRIDGES FEATURE hybrid techniques will be dis-

= Resolution 0.001°, 1°, or 5° = Resolution 0.0001°, 1°, or 5° cussed, as will fundamental con-
siderations in the use of computers

any angle, and input/output isolation.

= Dual 26/ 115 volt excitation = 500K input impedance ; ;
in automatic systems.
m Switch selected line-line voltages = Constant null-voltage gradient at The products of some 80 Ameri-
11.8,26, 90, and 115 volts all line-line voitages can companies will be displayed in
s Low matched output impedance = Unaffected by null detector loading a cooperative exhibit, under the
Prices range from $1480.00 to $2680.00 auspices of the Department of

Commerce. At least half of the com-
panies have as yet no established
sales representation in the Ger-
man market, and for some it marks
the first step into the European
market as well.

Programmable models with decade or binary input are also available. Your North The technical sessions will be

Atlantic representative will be glad to arrange a demonstration. held in Hall A (?f the Dll(‘§56‘1(l<)l‘f
Call or write him today. Fairgrounds. A single technical ses-

sion will be held each morning of
NORTEL ATILANTIC industries, inc. the show, and three series of group

TERMINAL DRIVE, PLAINVIEW, L. I, NEW YORK o OVerbrook 1-8600 | discussions are scheduled for each
® afternoon.

The flexibility of these instruments meets every need for rapid and accurate testing
in the engineering laboratory, in production, and in ground support equipment. Used
with a Phase Angle Voltmeter, they provide a complete facility for component or
system test.
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The components that have made the

Allen Organ famous. Used by America’'s

leading electronic manufacturers.

e Uniformly High Grade
o Attractive Prices

Allen Toroids

to 6 millihenries.

conservatively rated.

\ Write for our free catalog!

f ALLEN COMPONENTS \

e Wide Electronic Applications

Allen Frequency Sources Types C and P (plug-in type)

Moderately priced compact audio oscillators designed for appli-
cations that do not have most-stringent requirements for stability
in respect to temperature and frequency drift.

Over 150 sizes available from stock include Permalloy, Ferrite
and Powdered lron types. Inductance ranges from 50 henries

Allen 20-watt and 50-watt Transistorized Amplifiers

Utilize latest developments in solid-state technology. They
demonstrate characteristics normally associated with such cir-
cuitry (compact design, low heat dissipation). High sensitivity,

e Always in Stock
e Small Orders Welcomed
¢ Quick Delivery

pu[ COMPONENTS
DIVISION
Allen Organ Company, Macungie, Pa. Phone 215-965-9801

Electronics | October 4, 1965

Allen Organ Co., Dept. E10, Macungie, Pa. 18062

Please send me your components catalog.
| am interested in: [] Toroidal coils [] Oscillators [] Amplifiers

Name

Firm

Street City.
State Zip Code.
(C) A.O. Co.
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Your Comparative
Reference Guide to CEC Analog -
and Digital Magnetic Tape

Recorders and Accessories

This revised guide includes a new addition to

CEC'’s recorder line—the VR-3800"

Type VR-3600 — Considered the ideal
“universal” recorder, and the ultimate
choice for the most demanding pre- and
post-detection and general purpose use.

[®] 400 cps to 1.5 mc direct frequency
response; and d-c to 500 kc FM frequency
response.

[®] Multispeed electrically switchable di-
rect and FM system . .. up to six speeds!

[®] 7 or 14 channel systems available as
standard.

[®] Available in “Universal” machine con-
figurations for compatibility with lower
bandwidth CEC recorders.

[®] Accessories include monitor meters for
display of bias, input and output signals,
RFI certification to MIL-I-6181D.

“*Type VR-3800 — New data recorder of-
fering the basic advantages of the
VR-3600 at a modest price. Destined to
become the “work horse” of midband
recorders.

[®] 300 cps to 300 kc direct frequency
response; d-c to 40 kc FM frequency re-
sponse with high accuracy FM system.

@] Six speeds to 60 ips, instantly switch-
able.
@] All-metal-front-surface recording heads

— reduce cleaning to a minimum; reduce
«ape and head wear.

[®] 7 or 14 channel systems available as
standard.

VR-3600 VR-3800

18

[®] Direct system fully amplitude- and
phase-equalized.

Type VR-2600 — Recognized as the finest,
most versatile performer in its class.

[®] Available with any combination of
four types of recording/reproducing elec-
tronics and configurations (direct, FM,
PDM, PCM).

[®] All solid-state electronics, pushbutton
controlled for operation without readjust-
ment at six (6) tape speeds.

[®] 600 kc direct, 80 k¢ FM, IRIG PDM,
and 1000 bit per inch PCM capabilities.

[®] 7 and 14 track analog systems as well
as 16 track PCM systems available as
standard. Accessories include edge track
voice recording/reproducing, shuttle con-
trol and monitoring equipment, including
both meter and oscilloscope presentation.

Type VR-3300 — Unmatched for appli-
cations where ruggedness and mobility
must be combined with outstanding per-
formance.

@ 100 cps to 200 kc direct frequency
response; d-c to 20 kc FM frequency
response.

[®] Dual capstan drive system provides
closed-loop speed and tension control
equal to standard laboratory systems.

@] Interchangeable record and reproduce
electronics and heads with CEC’s

VR-3300

VR-2600

Type VR-2800 laboratory recorder/re-
producer and VL-2810 continuous loop
recorder/reproducer.

[¢] Six speed record/reproduce system.

Type VR-2800 — A highly reliable wide-
band system for use in laboratory environ-
ments with direct and FM electronics.

[®] Six speed record/reproduce operation.

[®] 100 cps to 200 kc direct system and d-c
to 20 k¢ FM system.

[ Up to 7 or 14 channels on ¥2” or 1”
tape respectively on 14” reels provide ex-
tended record time.

[¢] Uses all-metal-front-surface magnetic
heads, as do all CEC recorders, for long
life and minimum tape wear.

Type PR-3300 — Designed for mobility
at a modest cost.

[® High quality mobile magnetic tape re-
corder/reproducer for standard 100 kilo-
cycle work.

[® 7 or 14 channel systems on ¥2” and 1”
tape respectively; 102" diameter reels.

[®] Handles information via direct, FM or
PDM techniques in any combination. Like
the VR-3300, this unit can be operated
from a-c or d-c power sources using its
accessory precision frequency power
supply.

@] Interchangeable electronics with CEC’s

PR-3300

VR-2800
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VR-3600 VR-3800* VR-2600 VR-3300 VR-2800 PR-3300 GR-2800 GL-2810 DR-2700
6 d 6 speeds 7 speeds 6 speeds 6 speeds 6 speeds 6 speeds 6 speeds up to
PARESEEEDS toslpzegi;s to é)o ips to 120 ips to 60 ips to 60 ips to 60 ips to 60 ips to 60 ips 150 ips
(in two
ranges)
T 400 cps— 300 cps— 300 cps— 100 cps— 100 cps— d-c— 100 cps— 100 cps—
f?il?%%%ENCY 1.5 mg 300 kg 600 kc 200 kc 200 kc 100 kc 100 ke 100 ke
RESPONSE
d-c— d-c— d-c— d-c— d-c— d-c— d-c— d-c—
;,gsv;%ENQSUEENCY 500 ke 40 kc 80 kc 20 ke 20 kc 10 ke 10 ke 10 ke
CHANNELS up to 14 up to 14 up to 14 up to 14 up to 14 up to 14 up to 14 up to 14 up to 16
i irect, FM Direct, FM, Direct, FM, Direct, FM, Direct, FM, Direct, FM Direct, FM Digital—
METHODS © Plreck PRl PDM. PCM' | PDM PDM PDM PDM "| pom : Densities
bits pér
inch
NRZ-1
ELECTRONICS Solid-State | Solid-State Solid-State | Solid-State Solid-State Solid-State | Solid-State Solid-State | Solid-State

GR-2800 and GL-2810 magnetic tape re-
corder/reproducer systems.

Type GR-2800 — Commonly selected for
general lab use in both industrial and mili-
tary applications because of its operating
economy, long life and reliability.

[®] General purpose laboratory recorder/
reproducer system accommodating data
in direct, FM or PDM recorded format
in the frequency range from d-c to 100 kc.

[¢] Utilizes all solid-state electronics.

[®] 7 or 14 channel operation on 42" and
1" tape respectively, with reel diameters
to 14”.

[®] Closed-loop capstan drive system,

[e] Precision capstan drive electronics and
tape speed control servo provide tape
speed accuracies to within *0.02% of re-
corded speed.

Type DR-2700 — The ideal instrument
for reliable data handling in digital form,
with a wide selection of tape speeds and
data transfer rates.

[®] 7 or 8 channel configurations on 14”
tape, or up to 16 channel configurations
on 1” tape using standard 10%2” NAB
or IBM compatible reels.

[®] Operates at tape speeds up to 150 ips,
and at command rates up to 200 per sec-
ond without programming restriction.

[¢] Full line of computer compatible ace
cessories.

[®] All solid-state tape transport and read/
write electronics. High reliability makes
this unit extremely well-suited to on-line
computer application.

GR-2800

DR-2700
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Types GL-2810 & VL-2810 —Specifically
designed for data reduction or data mon-
itoring and storage where machine work=
load is heavy.

[®] Accommodate tape loop runs from 2
200 75 feet at six tape speeds from 1% to
ips.

[#] GL-2810 handles data in the range
from d-c to 10 kc via FM techniques, and
from 100 cps to 100 kc employing direct
techniques; VL-2810 handles d-c to 20 k¢
FM and 100 cps to 200 kc via direct.

[¢] Utilize 2" tape for up to 7 channels,
or 1” tape for up to 14 channels, using
IRIG geometry.

[®] Accessories include selective erase
equipment providing erasure of any com-
bination of 7 to 14 tracks, without re~
moval of the tape loop from the machine.
Bulk erase equipment also available.

GL-2810

CEC’s DataTape’

Accessories

The Monitor Oscilloscope is used with
tape recorder/reproducers, or any multi-
channel instrumentation system to pro-
vide visual display of electrical signals

ranging in frequency from d-c to 1,500,000
cps. Unique features of this unit include
up to 500 kc sweep rate and modular con-
struction.

The Type TD-2903 Automatic Tape
Degausser is designed to erase data sig-
nals from magnetic tape wound on reels
up to 14” in diameter and from %4 ” to 2”
wide tape. A reel of 1” wide instrumenta~
tion tape recorded at saturation level is
lerasled to a nominal 90 db below normal
evel,

The Dynamic Tape Tension Gage per=
mits accurate tension measurements di-
rectly while the recorder is in operation
... helps keep your recorder in proper op-
erating condition through routine main-
tenance adjustment.

For complete information on any CEC
Tape Recorder/Reproducer, write or
call CEC for Bulletins in Kit #7002-X5.

CEC

Data Recorders Division

CONSOLIDATED
ELECTRODYNAMICS

A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF, 91109
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND
AND FRIEDBERG (HESSEN), W. GERMANY
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EAGLE ELECTRIC COUNTE

Batch count a predetermined Meter fluids by flowmeter. Add—subtract count. Control of
number. Shut off or actuate a Control a shut-off or a mixing parking lot, hopper or conveyor
machine or machines. valve or valves. section capacity.

Ta—

{

COUNTS..THEN CONTROLS

The HZ760 performs in three ways...as a
batch counter...a continuous count counter...
an add-subtract counter. Whether you count
pills or automobile bodies, this is the unit for
the job.

Functionally, the HZ760 registers counts by
electric impulse from a limit switch, photo-
electric cell, flow meter or similar device. At
the preselected number of counts, adjustable
up to 9999, the unit’s control switch turns
electronically or electrically controlled equip-
ment on or off. THERE ISNORESET TIME.
The HZ760 is a rugged counter designed for
precise, industrial control. Among its out-
standing features: pushbuttons to set count
...keylock to prevent tampering...large, easy-
to-read numerals...10 amp. load switches...
counting speeds to 500 per minute...AC coils.
HZ762 shaft driven units for revolution count-
ing also available. Compare. You’ll choose
Eagle.

Electro-Mechanical, Electronic, Solid State Timing/Counting/Programming Controls (J General Purpose, Medium Power Relays

777

1 /4 £LEXEXRE)

1. s 3.

EAGLE's family of counters offers you a wide selection for
your most exacting control problems: 1. 80 count plug-in
automatic reset counter. 2. 6 digit electric count totalizer.
3. 3 digit electronic counter for high speed counting.
Contact Eagle Signal Division, E. W. Bliss Company, Federal
Street, Davenport, lowa.

[IT5] [EAGLE SIGNAL

A DIVISION OF THE E. . W. BLISS COMPANY

20
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COMPARE THEM...for Reliability

A unique, unrelenting inspection and quality
control program guarantees that Eagle Relays
will meet or exceed published specifications.
This performance is backed by a solid one-year
warranty.

COMPARE THEM...for Quality

Advanced design, engineering know-how and

exacting manufactu.rlng methqu create relays  The 25PD Medium Power Relay, shown above, handles loads

of the highest quality...insuring reliable per-  up to 25 Amps. with ease. It is available with a variety of coils

formance and SPST NO-DB contacts. Get the complete story on Eagle

: ¥ Relays. Send for your free copy of our 16-page color catalog,

When you specify Eagle Relays, you also get  today. Write to Eagle Signal Division, E. W. Bliss Co., Federal
unequaled service from a nation-wide network Street, Davenport, lowa.

?lfs:ﬁll;f;ﬁrsl.ced sales engineers and stocking m * E AGI_E SIG“ AI.

Compare. You’ll choose Eagle. A DIVISION OF THE E. W. BLISS COMPANY

I3 w easte sionat

Electro-Mechanical, Electronic, Solid State Timing/Counting/Programming Controls [J General Purpose, Medium Power Relays
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HOW MANY SCOPES CAN THIS ONE REPLACE?

A sizable number, depending upon the range of applications. For
this is the Fairchild 777—the most versatile of all industrial scopes.
The 777 is a dual beam, dual trace scope in which any four of 22
plug-ins are completely interchangeable in both X and Y cavities.
These same plug-ins fit all Fairchild 765H Series scopes. They include
DC-100 mc bandwidth, spectrum analyzer and raster display capabili-
ties, sensitivity to 500 pv/cm, risetime to 3.5 ns.

Other features of the 777 include 6 x 10 cm display area for each
beam with 5 cm overlap between beams for optimum resolution...
unique 13 kv CRT with four independent deflection structures...solid
state circuitry (with all deflection circuitry in the plug-ins)...light
weight (44 |bs.). .. environmentalized for rugged applica-
tions. Price (main frame): $1,600 f.o.b. Clifton, N.J.

The 777 illustrates the Fairchild concept of value through
versatility. One scope doing many tasks is only part of it.
Future state-of-the-art capability is equally important
because it helps you curb the high cost of Technological

*Technological Obsolescence

22 Circle 22 on reader service card

Obsolescence. And finally, service.
Fairchild has more service centers
than any other scope manufacturer.

Ask your Fairchild Field Engineer for
details on this and other new gen-
eration Fairchild scopes. Or write to
Fairchild Instrumentation, 750 Bloom-
field Ave., Clifton, N.J.

FAlRCHII_D

INSTRUMENTATIC)N

A DIVISION OF FAIRCHILD CAMERA
AND INSTRUMENT CORPORATION
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Editorial

Japan:
an industrous
competitor

This is the first in a series of editorials on the Far
East by Lewis H. Young, editor, who is on a trip
through Japan, Hong Kong and Taiwan.

When Japanese companies exhibited for the
first time at the International Components Show
in Paris last April, European electronics com-
panies were clearly worried. The Japanese have
a way of moving into a market and dominating
it. Throughout the world, their electronics con-
cerns are feared and respected.

On the surface there seems to be no reason
for these companies to cause such agitation in
foreign competitors. Japanese technology is “five
years behind that in the United States,” accord-
ing to Prof. Hiroshi Inose of Tokyo University,
who has worked at the Bell Telephone Labora-
tories in the U.S. Japanese research facilities
are usually small and crowded with equipment.
Plants are shabby for the most part, many still
bearing the scars of bombings during World
War II.

Nor is cheap labor the principal asset of
Japan’s electronics industry. Wages are rising
rapidly, 10% to 13% a year.

Japanese electronics firms’ real strength is
their engineers, characterized by creativity, in-
genuity and an awesome willingness to work
long and hard.

American executives who worry about com-
petition from Japan might be surprised at the
pains to which the Japanese go to avoid face-to-
face competition with American products. It was
this reluctance to compete directly that prompted
the Sony Corp. to develop a color-television re-
ceiver that uses a Chromatron tube instead of
the shadow-mask tube used by manufacturers
in the United States.

Research money is hard to come by; almost
every Japanese executive bemoans the paucity

of government money to finance research and
development. Most fundamental research is done
at the universities; companies concentrate on
development of products.

Until recently, the Japanese electronics in-
dustry has concentrated on consumer products.
Now the industry is changing, designing more
sophisticated equipment for industrial and com-
mercial uses. Before 1966, Japanese firms expect
to introduce such new products as a low-priced,
large-capacity computer for direct digital con-
trol of industrial processes, using integrated cir-
cuits and designed around the requirements of
a chemical plant; an electronic calculator, also
built with integrated circuits; and a microwave
oscillator operating on the Gunn-effect principle.

The Japanese engineer must be just about the
hardest-working in the world. Although the
official work week is 43 to 45 hours, many en-
gineers remain on the job 65 and 70 hours a
week. At the Nippon Electric Co. plant at Tam-
agawa, where an integrated-circuit production
line is being installed, the project engineer often
works 30 hours at a stretch. Sony’s chief en-
gineer for advanced television engineering rou-
tinely works 70 hours a week.

Money is not the incentive, because Japanese
engineers’ pay is shockingly low. A college grad-
uate in his first job receives about 24,000 yen a
month—about $67. After five years, his earning
increases to $84 a month plus an annual bonus
of six or seven months’ pay. After 15 years, a
typical electronics engineer receives $145 to
$200 a month.

Besides direct pay, the Japanese engineer re-
ceives far more fringe benefits than does his
American counterpart: such extras as free hous-
ing, work clothes, daily tea, hospitalization, free
schooling for his children, stays at mountain re-
sorts at ridiculously low rates, and a retirement
program.,

The Japanese engineer’s greatest compensa-
tion is likely to be recognition—publication of
his work or praise of his technical competence
by his associates—particularly recognition from
colleagues in the U. S. To many a Japanese en-
gineer, a highlight of a career is an invitation
to present a technical paper at an American
technical society.

One Japanese executive may have been speak-
ing for the entire electronics industry in his
country when he said: “Our engineering is our
greatest strength. I think one of our engineers
does the work of two American engineers.”

That human resource goes a long way toward
overcoming Japan’s deficiency in natural wealth,



o :Svystem Accnrat:yf‘ -

DUAL CHANNEL BOOSTER |
RESOLVER AMPLIFIER
MFG. MODEL NO. 460

CUST. PART NO
RIAL NO. [

= 0.071% RMS

Total Rotor Null:
D2myvolt = . |

Signal to Noise

‘Ratio: 74 db min.

Components
Interchangeahle

without losing system accuracy

Clitton Amplifier-Resolver Gombination

Let’s skip the hot air and talk about
the performance of this ‘‘state-of-the-
art” Amplifier- Resolver Combination
built for military airborne use.

This Combination is designed for sys-
tems requiring interchangeability of
resolver or amplifier without adjust-
ment or trimming. System accuracy of
+0.071% RMS is obtained under any
combination of voltage, temperature,
and frequency within the given ranges.
Voltage range is 0 to 26 VRMS. Fre-
quency range: 380-420 cps. Tempera-

C‘])C
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ture range —25°C to +95°C. Input
impedance is 100 k ohms += 19%.
Total rotor null is 0.2 mv/v of input
and fundamental nulls are .05 mv/v.
Interaxis error is 3 minutes maximum.
Calibration error, 2.5 minutes max.
The ratio of the actual output voltage
to the undesired output voltage at
20 volts level is 74 db min.

The Resolver is a compensated Clifton
Size 11 with the stator as the primary
winding. Stator tuned impedance
13.8 k ohms. Stator nominal Q—6.1.
Rotor peaking frequency: 40 kc mini-
mum. Weight is 5.5 o0z. maximum.
Temperature range —55°Cto+125°C.

CLIFTO

PRECISION
PRODUCTS

DIVISION OF LITTON INDUSTRIES

The Dual Channel Booster Amplifier
is 1.84" x 1.63” x .75". Power require-
ments +30 VDC =2 VDC @ 25 ma.
max.; —30 VDC =2 VDC @ 35 ma.
max. Ripple 10 mv max. Weight 2.5 oz.
Temp. range —55°C to +125°C. A
single channel amplifier 1” x 1.63" x
.75" is also available.

"Nuff said? For price and delivery con-
tact any of our sales offices or repre-
sentatives. Clifton Precision Products,
Division of Litton Industries, Clifton
Heights, Pa., Colorado Springs, Colo.

[H
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2,150 devices
on single chip

Westinghouse
puts IC’sinNC

Added safeguards
for Agena-Gemini

Laser to throw
light on fog

Electronics Newsletter

October 4, 1965

Stewart-Warner Microcircuits, Inc., may have the record for the largest
number of semiconductor devices ever to go into a single integrated
circuit—2,000 diodes, 50 transistors and 100 resistors (total resistance:
10 megohms).

The high component density of the 100-by-100-mil monolithic chip is
achieved with three separate oxide layers individually deposited on the
surface of the chip. Aluminum wiring, for connections to the bonding
pads, are placed on the top layer, rows of diode cathode connections on
the center layer, and the bottom layer holds rows of diode anode
connections.

Stewart-Warner Microcircuits is a subsidiary of the Stewart-Warner
Corp.

The Westinghouse Electric Corp. introduced the first numerical control
system using integrated circuits last month at the Production Engineering
show in Chicago. The $5,000 model 20 is a two-axis, point-to-point
system. Model 20 is half the price of its discrete-component sister, the
five-year-old Prodac, and has one-sixth the number of electronic compo-
nents. The new system calculates in 30 nanoseconds, compared with seven
microseconds for Prodac, and is guaranteed to operate in areas hot as
125°F.

The IC’s for model 20 are being supplied by Westinghouse itself and
by Motorola, Inc. Three types are used for the diode-transistor logic:
single gates, dual gates and RS flip-flops.

The General Electric Co. reports, meanwhile, that it has provided the
Ford Motor Co. with an experimental NC system for making automobile
parts. A model of the part is photographed and an electronic system
converts the photos into a numerical control tape, which controls the
machining of the part.

A fast design change has been ordered for the Agena rocket that will
rendezvous with the Gemini 6 spacecraft this month. Equipment is being
added to the rocket to protect against sparking, or arc-over, between
the two vehicles. Arc-over isn’t dangerous to the crew, says a spokesman
for the McDonnell Aircraft Corp., builders of Gemini, “but it could
affect certain relatively delicate electronic systems.”

While the experiments on Gemini 4 and 5 did not indicate any problem
with sparking [Electronics, April 5, p. 90], the spokesman said those
tests “could not be considered completely conclusive.”

One design for dissipating the electrostatic potential between the two
craft is undergoing tests at the Ion Physics Corp., a subsidiary of the
High Voltage Engineering Corp., Burlington, Mass.

Laser holography is finding some practical applications. Technical
Operations, Inc., of Burlington, Mass., says it has delivered what is
believed to be the first operational holography equipment to Otis Air
Force Base in Massachusetts, where it will be used to photograph fog
in three dimensions. Holograms [Electronics, Nov. 30, 1964, p. 86] have



IBM, Fairchild
swap patents

Top-secret radar
fits inside plane

FCC ruling asked
on private satellite

’Addenda

26
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been interesting chiefly for themselves; these will be used to study the
physics of fog.

The new equipment includes a Q-switched laser to holograph the fog
and a helium-neon laser to reconstruct it in three dimensions from a
photographic film.

The system was developed in cooperation with the Air Force’s Cam-
bridge Research Laboratory in Massachusetts.

A cross-licensing agreement signed by the Fairchild Camera & Instru-
ment Corp. and the International Business Machines Corp. that provides
for the exchange of all patents on semiconductors will not involve an
exchange of manufacturing know-how or royalties.

The agreement gives each company the right to perpetual use of the
patents now held by the other. IBM, however, will pay Fairchild a flat
fee, over five years, for the right to use its planar patents; all other rights
were exchanged on a direct-swap basis.

The Army is evaluating a top-secret side-looking radar that is small
enough for its electronics to be mounted inside a plane—instead of in
the huge pod required by current side-looking radar—and uses a low-
profile antenna that can be mounted nearly flush on the fuselage. The
electronic package is solid state, with a few integrated circuits, and
weighs 165 pounds. It develops 125 watts peak power.

The antenna, whose design is classified, is said to have a gain of
about three decibels more than conventional antennas. The radar was
developed by the Aeronutronics division of the Philco Corp. in Blue Bell,
Pa., for the Electronics Command at Fort Monmouth, N. J. It will prob-
ably be used on the Army’s Grumman OV-1B reconnaissance plane.

The American Broadcasting Co. is forcing the Federal Communications
Commission to take a stand on whether a private company can have
its own satellite communications system. After raising the question
informally several months ago, ABC has formally asked the agency for
permission to launch its own synchronous satellite to serve its network of
about 200 television stations around the country.

The FCC is expected to hold to the concept that Congress, in lending
a hand in the establishment of the Communications Satellite Corp., gave
Comsat the exclusive franchise to operate a satellite message system.
But the agency is also expected to make it clear that unless Comsat acts
within a reasonable time to offer domestic communications service, the

franchise will be forfeited.

Beckman Instruments, Inc., the sole United States electronics company at
last month’s Soviet International Chemical Exhibit in Moscow, sold an
estimated half-million dollars worth of instruments. Beckman was repre-
sented by its West German subsidiary, Beckman Instruments GmbH. . . .
The Air Force is seeking the development of solid state transmitters in
land-based phased array radars. Research and development contracts for
the transmitters are being solicited by the Rome Air Development Center
in Rome, N.Y.
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LIKE THE
NEW LOW COST
C106 SCRs

. . . first SCR’s ever offered
for under 50¢. Now you can
afford to take another look
at solid-state circuits for
many new applications—ap-
pliances, auto ignitions and
indicator lights, and com-
puters, just to name a few.
New C106 SCR’s (shown

actual size) are plastic-en-
capsulated, all planar, pas-
sivated, and rated up to 200
volts at 2.0 amps. Innovator:
Semiconductor Products De-
partment, Auburn, N. Y.

Circle No. 251




NEW G-E TYPE 195 METER RELAYS

THE LATEST
LOW-COST
RELIABLE INDICATION
AND CONTROL

General Electric’s new Type 195 meter relays and
pyrometers are years ahead in design, yet are priced
lower than any other comparable instruments.

Simplicity of design and proved components pro-
vide excellent stability and reliability. No special
power supply is needed.

Each G-E 195 meter relay and controlling pyrometer
is engineered for long operating life and dependa-
bility. They also bring you these exciting features:

Light-sensitive solid-state switching!
A contactless solid-state
switch controls the load
relay directly; no ampli- SARCotor 56 FOM S

fiers, no pointer contacts, ) =
no mechanical interfer- Thermocouple” @ Arsonval Plug and
ence with meter move- or other input _ mechanism socket

= Light 1 connector

ment. Pointer travel is aciated | S ||
unrestricted across the sich | X
entire scale. This means
you get continuous indi-
cation above and below
the meter setpoints.

Lamp

Plug-in “piggyback” control module!

A space-saving control
module eliminates the
mounting and wiring of
separate components . ..
J e ' speeds up and simplifies
L84+ ?% » installation. The control
b module simply plugs into
the rear of the indicator
and may be removed
without interrupting the
measurement circuit.

BIG LOOK meter styling!

Each General Electric . -
meter relay or pyrometer
matches G.E.'s BIG LOOK
panel meter line. You
get truly distinctive ap-
pearance with the accent
on readability. The mod-
ern appearance of the
meter complements the
appearance of your fin-
est equipment.

Available in 2%-, 3%-, and 4V2-inch sizes with sin-
gle or double setpoints, General Electric meter relays
are ideal for applications which require accurate on-
off switching and indication.

They are’ being used successfully on test equip-
ment, rate and alarm indicators, nuclear instrumenta-
tion, temperature control, over-speed protection, and
process control.

Type 195 pyrometers may be used for accurate
temperature control on furnaces, ovens, welders, etc.
Innovator: Instrument Dept., West Lynn, Mass.

DESIGN A
25FUNCTION

COLOR

L W e
WITHONLY | | 5 el
13 TUBES

G.E.DID IT...WITH
MULTHFUNCTON COMPACTRONS

Only 10 compactrons and three tubes were needed
to do the job of twenty-five functions in General
Electric’s new “Porta-color” TV set. Result: compact
circuitry where compactness is a “must.” The new
set measures only 17 inches wide by 1134-inches
high by 16%-inches deep. Weight: only 24 pounds.
How was it possible to design so small a set?
Among the more significant reasons was the use of
G-E multi-function compactrons. Each compactron
either combined several tube functions into a single
unit or put a single function into a significantly
smaller unit. What’s more, many of the compactrons
required fewer associated components than do con-
ventional tubes. And many were designed specifically
for color television, just as compactrons can be de-
signed to serve your own particular equipments. Com-
pactron innovator: Tube Dept., Owensboro, Ky.

G-E MULTI-FUNCTION COMPACTRONS
NOW AVAILABLE FOR COLOR TV

TUBE TYPE DESCRIPTION

6AC10 Triple triode

6AF11 Dissimilar double-triode pentode
6AG10 Gated twin hexode

6AG11 Duplex diode twin triode

6AR11 Twin pentode

6BA11 Triode twin pentode

6BH11 Twin triode pentode

6BJ11 Dissimilar double pentode
6BM11 Dissimilar double pentode

Twin pentode

Dissimilar double pentode
Dissimilar double triode pentode
Twin triode pentode

Twin pentode

Triode pentode

3-section triode

Triode pentode

Twin triode pentode

Dissimilar double pentode
3-section triode

Dissimilar double triode pentode
Gated twin hexode

Twin pentode

Dissimilar double pentode

Twin pentode

Dissimilar double pentode

Twin triode pentode

Dissimilar double pentode
Dissimilar double pentode
Dissimilar double triode pentode
Dissimilar double triode pentode

Dissimilar double triode pentode

For details, ask for our new “Catalog of Compactrons
for Color TV”




Use General Electric’s
New Lodex® Permanent
Magnet Materials

Compare the advantages. Shaped
Lodex magnets are tailored to your
exact specifications . . . give you max-
imum design freedom with unpar-
alleled reductions in both labor and
assembly costs. Here’s why:

m [odex magnets can be pressed to
the exact physical shape and tol-
erances you require . . . can elimi-
nate the need for costly pole pieces
and mounting components. Lodex
magnets come ready-to-insert, with
plating when desired.

Lodex magnets offer a high degree
of uniformity and close orientation
tolerances from piece to piece. This
simplifies assembly and calibration.

B [odex magnets come in a wide
range of unit magnet properties
for perfect matching to your par-
ticular magnet circuit.

m Lodex magnets are backed by the
industry’s best staff of Design and
Application Engineers, ready to
help you with your requirements.

These advantages apply not only to
core meter magnets, but to other pre-
cision applications as well, such as a-c
and d-c motors, hearing aids, controls
and speedometers. Innovator: Mag-
netic Materials Sect., Edmore, Mich.

G-E Lodex permanent magnets for
shaped core meters are already
saving time and dollars in expo-
sure meters, linear panel meters,
peak indicators and null indicators.

DEMONSTRATED WITH G-E CERAMIC TRIODES

Up to 5000 watts pulse (500-usec pulse width) and 1000
watts CW have been laboratory-demonstrated at L-band by
prototypes of General Electric’s new ceramic planar triode
designs. This 20-to-1 increase in CW power over the stand-
ard 2C39 triode—plus unparalleled Gm and gain band-
width—could be essential to future radar, phased array,
penetration aids, space vehicles, and other applications
where maximum performance from minimum size and

Y1430 Developmental CW Triode

PERFORMANCE CHARACTERISTICS*
Typical Electrical Data
Heater voltage 30 volts
Heater current 0.5 ampere
Amplification factor 200
Grid-plate transcon-
ductance
(at 1b=1.0 amp)
Interelectrode ca-
pacitance:
Grid-plate 4 uuf
Grid-cathode 20 ppuf
Plate-cathode 0.2 puf

Typical Operation (at 1.3 Gc) at RF
Power Amplifier
D-c plate voltage
D-c grid voltage
D-c plate current
D-c grid current

300,000 umhos

2100 volts
—8 to —40 volts
0.57 to 0.76 amp
approx 0.03 to
0.22 amp
approx 5 to 50 watts
approx up to 1000
watts

Driving power
Power output

weight is imperative.

These sample triodes were equipped with unique grid
structures to maintain extremely close grid-cathode spacing.
They also employed high-current-density cathodes (up to
2 amps/cm? CW). Result: Gm’s of 300,000 to 750,000
micromhos, 5-KW pulsed output with duty cycles as high
as 7%, and gain-bandwidth products never before obtained
using gridded tubes.

Y1498 Developmental Pulsed Triode

PERFORMANCE CHARACTERISTICS*
Typical Electrical Data

Heater voltage 60 volts
Heater current 0.6 amp
Amplification factor 200
Grid-plate transcon-
ductance
(at 1b=3.0 amp)
Interelectrode ca-
pacitance:
Grid-plate 5.7 puf
Grid-cathode 65 uuf

Typical Operation (at 1.3 Gc) at RF
Power Amplifier

D-c plate voltage
D-c grid voltage
D-c plate current
D-c grid current
Driving power
Power output

500,000 umhos

3400 volts

—6 volts

5.0 amps#

approx 1.8 amps #

approx 200 watts #

approx up to 5000
watts #

#For duty cycle of 0.07 and pulse
length of 500 microseconds.

*Based on data ob'omed an lubes manufocrured by the General Electric Company for the U.S.

Army Electronic C

While these two developmental tubes are not yet available
for purchase, General Electric is prepared to discuss the
basis and timing on which they can be built. Their develop-
ment, furthermore, has enabled G.E. to provide similar
characteristics in many microwave tubes already available.
Such advantages include:

m high-frequency performance (through Ku band)
m highest triode efficiencies at S, C, and X bands

., under their contract #DA-36-039-AMC-03215 (E).

m excellent tolerance of shock and vibration (such as
20,000-G impact and 48-G RMS at 2,000 cps, 3 minutes
each plane)

m 3-to-4-second warmup (to 90% of rated I)

®m nuclear radiation tolerance of 1.5 x 10" NVT in inte-
grated dosages and 10" R per second
Innovator: Tube Department, Owensboro, Kentucky.




GO AHEAD AND
BE CHOOSEY

Select from G.E.’s very broad line of
silicon planar epitaxial NPN transistors

Whether you’re looking
for a special kind of core

driver, amplifier or

switch, you can forget

about packaging prob-
lems when you specify
from G.E.’s Large Ge-
ometry Line transistors.
These NPN units come
in six different package
configurations (shown
here) and three separate
series groupings. There’s T0-18 T0-46
a 38-model series for Package Package Package
general purpose amplifier

and some switching ap-

plications, a 32-model Lt
series—all with extremely J
low collector saturation b

voltages, and a 10-model

series—excellent for core T0-50

driver applications with Package

good switching character-

istics as well. Innovator: 4

Semiconductor Products Ceramic
Department, Syracuse, i
New York.

il
Want maore prices?

Technical facts?

 Application help?

ONLY $¢

FOR THIS NEW MULTI-PURPOSE
INTEGRATED CIRCUIT AMPLIFIER

. and you can order

quantities in either a
TO-5 or flat pack con-
figuration. D-c biasing
and adjustable gain by
means of feedbacks are
achieved simultaneously
in audio amplifier appli-
cations using a single vol-
ume control. If desired,
positive feedback can be
externally applied to re- 4JPA113 silicon monolithic circuit
sult in many unique, (TO-5 configuration, 5 leads)
non-linear applications of
the astable, bistable and monostable types.

The 4JPA113 multi-purpose unit is fabricated within
a 27x29-mil silicon chip using planar epitaxial tech-
niques. This 3-stage direct-coupled integrated circuit
features a typical open loop current gain of 60,000
and open-loop frequency response of 250 kc. And it
can be operated from supply voltages up to 15 volts.
You’'ll find this low-cost unit excellent for pulse-
shaping, pulse-sawtooth or sine-wave oscillators, re-
lay drivers with bistable or monostable control, and
many other amplifier applications. Innovator: Semi-
conductor Products Department, Syracuse, N.Y.

*in quantities of 100-999 in TO-5 package.

Ask your G-E engineer/salesman for full price
details on any or all components described on
these pages. Ask him for free literature, or send
for it yourself by circling the appropriate num-
bers on the Reader’s Service Card. Write or call
any local or regional G-E Electronic Compo-
nents Sales Office for the application help you
may be seeking. Or, for other assistance, write
us at Section 285-09, General Electric Com-
pany, Schenectady, N. Y. 12305.




The world’s lowest-cost
5-digit, automatic digital voltmeter

_ SERIES 5000 DIGITAL VOLTMETER

NLS 5015

=
%100 pv to +=999.99 v range
(#=.99999 ratio range optional)

N
measures microvolts, ac an

ohms using NLS accessories

i

automatic range and polarity

0.01% accuracy

high common-mode and signal-
mode noise rejection

fiberglass plug-in boards

transistor circuits on epoxy-

1985

P

floating input—up to 1000 v

e i

printer operation optional

”

Why pay 50% more? You won'’t find a bet-
ter 5-digit dvm than the automatic NLS 5015.
Priced $1,000 under other 5-digit digital volt-
meters, the 5015 delivers all the performance
you expect from an NLS instrument. Example:
the most critical components of the 5015 were
life-tested to the equivalent of 40-years’ use, dis-
playing a new reading every 4 seconds, 8 hours
a day, 7 days a week . . . and there were no
failures. Check the specs above. Look good?
Then get the full story. Write, wire or phone
NLS or the nearest NLS engineering center.
We'll respond with complete data; and a 5015
demonstration when requested.

How does NLS do it—producing the first auto-
matic 5-digit instrument at such a reasonable
price . . . without compromising quality,
accuracy, reliability or usefulness? The answer:
innovation . . . the same type of NLS
innovation that originated the digital voltmeter;
that produced the first relay-operated dvm;
that introduced such advancements as
“no-needless-nines” logic, the “factual fifth
figure,” ‘“no-pots-at-all” stability, and the
first low-cost, industrial dvms. You’ll see
innovation-in-action when you see the 5015
demonstrated. Just let us know when it’s
convenient.

Originator of the Digital Voltmeter

non-linear systems, inc.
Del Mar, California, Phone: (714) 755-1134 TWX: 714-277-3191
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Six new encapsulants of varying vis-
cosities and characteristics now provide
a choice of the one best suited to your
electronic application or processing re-
quirements. Whether it’s for deep sec-
tion curing or general purpose, low or
medium viscosity, reversion resistance,
high strength —there’s a compound in
the Dow Corning® RTV encapsulants
for your purpose. For color coding, too
.. . fourteen different color pigments are
available . . . have no effect on the elec-
trical or physical properties.

CIRCLE 290 ON READER-SERVICE CARD

For transparent embedments, specify
Sylgard® brand resins, specially de-
signed to meet the exacting require-
ments of the electronic industry for
packaging materials. These solventless
silicones cure in deep sections in 24
hours at room temperature without exo-
therm ... need no post cure and are
serviceable over a wide temperature
range. Sylgard resins are designed for
potting, filling, embedding and encap-
sulating electronic circuits and com-
ponents. Transparent for circuit identi-
fication or opaque for security or
proprietary reasons.

CIRCLE 291 ON READER-SERVICE CARD



Simplify processing...cut time and
cost with this silicone rubber tubing

Now you can save time, save labor on
close fitting dielectric coverings.
Silastic® heat shrinkable rubber tub-
ing can be the answer to your electrical
or mechanical problems where wiring
harness and electronic devices or
components must be protected.

Made from a non-thermoplastic mate-
rial, this silicone rubber tubing is sup-
plied by Dow Corning in a stabilized
expanded condition. When heated to
300 F or higher, it will shrink to Y2 its
diameter. Shrinkage in the tubing
length is less than 5%. And a simple
heat gun or lamp is all that is required
to do the job or...an existing heat

the shrinking operation; it will with-
stand temperatures to 700 F — twice
the required shrinking temperature,
and, it remains flexible and resilient.

Simplified processing; high resistance
to electric stress, corona, ozone, radia-
tion, heat and moisture; plus long-life
flexibility and resiliency make Silastic
tubing the ideal protection for elec-
tronic components or assemblies . ..
even of irregular shape. Standard tub-
ing is available from stock in a variety
of diameters and in lengths up to 20
feet from authorized Dow Corning
Electronic Materials Distributors.

Custom molded parts of Silastic heat

source is normally adequate. shrinkable silicone rubber can also

Silastic heat shrinkable rubber will be supplied to meet individual
not deform or flow if overheated during customer specifications.

CIRCLE 289 ON READER-SERVICE CARD

We'll be pleased to forward informa-
tion on these and other materials
that aid reliability and performance,
reduce costs. For details or prompt
technical assistance write to Dept.
3922, Electronic Products Division,
Dow Corning Corporation, Midland,
Michigan 48641. For a free sam-
ple, write on company letterhead
describing your application . . .

DOW CORNING

Seal.bond, encapsulate with Silastic®
732 RTV rubber. This tough, squeeze-on
adhesive/sealant bonds metal, glass,
plastics, rubber and many other mate-
rials. Tack free in one hour, solid rub-
ber in 24 hours, it cures at room temper-
ature, stays flexible from —85 to 500 F.
It waterproofs, insulates and calks. Use
Silastic 732 RTV rubber to bond wires,
seal connectors, splice and repair cable
and lead wires, seal radome and antenna
enclosures, to dust-proof cabinets and
housings. Recommended as adhesive for
Silastic® heat shrinkable tubing.

CIRCLE 292 ON READER-SERVICE CARD

or phone for the name of the
Dow Corning representative or the
authorized stocking distributor
nearest you.

All products shown here are avail-
able from our authorized electronic
materials distributors. Write for
complete list of names and locations.



Two new

40 mw and 20 mw
high-speed,
billion-operation
CLARE Relays

type HGSM

Madule
jor printed
circuit boards

Relays shown actual size

type HGSL

Plug-in
for wired
Assemblies

M These CLARE Type HGSL and HGSM Mer-
cury-Wetted Contact Relays meet the require-
ments of modern electronic systems.

B Their complete freedom from contact bounce,
isolation between coil and contacts and high
speed qualify them as excellent input buffers to
solid state circuitry. As output buffers they can
be driven by low power logic circuitry with an
input to output power gain of up to 5000. Con-
tacts can handle up to 100 va, ac or dc, over
billions of operations without derating.

M As scanner contacts in checkout systems they
can stand off a hi-pot voltage of 1000 vac and, at
the same time, offer a contact resistance varia-
tion of less than 2 milliohms over life for critical
resistance measuring circuits. Their lack of con-
tact bounce, high speed and low noise generation
commend them for tape transport read-write
head switching. In their compact, space-saving
packages these relays meet a wide range of de-
sign requirements for both printed circuit boards
and wired assemblies.

Sensitive

40 mw Single-Side
Stable
20 mw Bi-Stable

High Speed

Nominal operate
time: 1.0 ms

Long Life

Billion operations
minimum at rated
load

Contact
Advantages

Low and consistent
contact resistance
over complete life.

No bounce.

Both form C and form
D contacts available.
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OPERATE
AND
RELEASE
TIMES

20 MW BI-STABLE DOUBLE WOUND COIL

35

30

TIME (MILLISECONDS)
- ~ ~
] o 2

=)

0

| [ I | | I
HGSM and HGSL 10000 and 50000 SERIES

\\\

OPERATE MAKE TIME

<

[~

MIN

MAXIMUM CONTINUOUS COIL POWER
(APPROX. 9.4 X M.O. VOLTAGE) )/
L | | |

0

2 4 6 8 10 12 14 16 18

MULTIPLE OF MUST OPERATE VOLTAGE

40 MW SINGLE-SIDE STABLE SINGLE WOUND COIL
40 T T T 40 | I
HGSM and HGSL 10000 SERIES MAX HGSM and HGSL 50000 SERIES
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MULTIPLE OF MUST OPERATE VOLTAGE

FOR WIRED ASSEMBLIES

ELECTRICAL

CHARACTERISTICS

FOR PRINTED CIRCUIT BOARDS

Contact ¥ 1
Arrangement Form D Form C Form D Form C
Sensitivity 40 mw. Single-Side Stable
20 mw. Bi-Stable

Contact Rating 0-100 Microamperes

Low Level 0-300 Millivolts

Power 2 amperes max.

(with Contact 500 volts max.

Protection) 100 volt amperes max.
Contact 35 milliohms max. 20 milliohms max.
glor:ﬂltanco Variation less than +2 millichms from initial value through 20 x 10° operations

(Independent of Current or Voltage)

Nominal
Operating Up to 90 vde
Voltage
Nominal Operate
Time at Maximum 1.0ms

Coil Power

For complete information contact your
nearest CLARE Sales Engineer

CALL— NEEDHAM (Mass.): (617) 444-4200 « GREAT NECK, L.I. (N.Y.)
(516) 466-2100 » SYRACUSE: (315) 422-0347 « PHILADELPHIA: (215)
386-3385 « BALTIMORE: (202) 393-1337 « ORLANDO: (305) 424-9508 «
CHICAGO: (312) 262-7700 « MINNEAPOLIS: (612) 920-3125 « CLEVE-
LAND: (216) 221-9030 « XENIA (Ohio) : (513) 426-5485 « CINCINNATI :(513)
891-3827 « MISSION (Kansas) : (913) 722-2441+ DALLAS: (214) 741-4411
HOUSTON : (713) 528-3811+ SEATTLE: (206) 725-9700 « SAN FRANCISCO:
(415) 982-7932 « VAN NUYS (Calif.): (213) 787-2510 « TORONTO,
CANADA: C.P.Clare Canada Ltd. «+ TOKYO, JAPAN: Westrex Co., Orient
IN EUROPE: C. P. Clare International N, V., TONGEREN, BELGIUM

Electronics | October 4, 1965

Send for Data Sheet

852 giving complete
information on these

new miniature, high-
speed, sensitive relays.
Address C. P. Clare & Co.,
Group 10N8,

3101 Pratt Boulevard,

Chicago, Illinois

60645.

CLARE

®

relays and related control components
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Will an extra $379

buy another decimal place—

or
another
10 mc

Doing any Value Analysis on your test equipment? Here’s
something to consider. For less than the cost of a single
heavyweight scope, you can get two Data Instruments S32A’s.
However, forget price. This is a scope that recommends itself
from every aspect. It's versatile. The S32A is equally useful on
the production line, in the field and in the laboratory. It per-
forms. The extremely small spot diameter of its 3" flat faced
tube makes it comparable to any 5" type. Dependable trig-
gering insures positive synchronization over the entire band-
width. And a2% calibrator standardizes both time and voltage.
It's reliable. The S32A is practically trouble-free, and is war-
ranted for a full year with complete field and factory service.
Look at the specs.

VERTICAL AMPLIFIER

BANDWIDTH | SENSITIVITY/CM [RISETIME [ IMPEDANCE | ACCURACY
(1) DC-10mc 100mv to 50V .035us. TMQ+3pf *4%

(2) DC- Tmc 10mv to 5V

TIME BASE CRT PHYSICAL
TRIGGER &

SPEED/CM | HOR. AMP. | DIA. | PHOSPHOR |VOLTS | DIM. & WT.

Tus. to 0.5 sec.| Exp.x 10 3¢ Pi7e7 3.5kv |13%"'x8""x6%2"
4% 10cps-400kc 16 Ibs.

Forget the price. Compare it on performance. Drop us a note,
and we’ll arrange a demonstration in your plant. At $379 you
almost can forget the price, can’t you?

Data Instruments Div. ® 7300 Crescent Blvd. * Pennsauken, N.,

Circle 36 on reader service card

data instruments

did
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Communications

Guided waves

Reflector-type antennas lose a
considerable portion of their energy
between the feed and reflector;
some of the waves are diverted in
the airspace so that they miss the
reflectors entirely. Radiation, Inc.,
of Melbourne, Fla., has developed
a cone of polystyrene (the cheap
foam used to make, among other
things, heat-resistant disposable
cups) which reduces spillover and
improves the efficiency of the an-
tenna to 75% from 50%.

The cone, called a Dielguide
(from dielectric) works on the prin-
ciple of total internal reflection: if
an electromagnetic wave passes
from a relatively dense dielectric
medium (the reflector) to a less
dense one (the cone) at an angle
greater than a critical angle, which
varies depending on the material,
the wave will be totally reflected.

The Dielguide, developed with
the support of the Army Satellite
Communications Agency, can be
used with both Cassegrain and
prime focus antennas. In a Casse-
grain antenna, it juts out in front
of the main reflector; but in prime
focus antennas, which lack a sub-

< ot

_w DIRECTION
~~"" RAY WOULD
TRAVEL IN
ABSENCE

OF GUIDING
STRUCTURE

PHASE CENTER
OF HORN
! SUBREFLECTOR

MAIN
REFLECTOR

Electromagnetic waves radiating from
horn of dual-reflector antenna

are confined inside Dielguide until
they reach the subreflector.

B

j

The Dielguide, a polystyrene cone
that funnels electromagnetic waves
between feed and reflector. In the
photo of a Cassegrain antenna, right,
the Dielguide juts out in front of

the main reflector. Above, in the
photo of a prime focus antenna, it
covers the entire face of the reflector.

reflector and are usually smaller,
the cone is the same size as the
main reflector, and fits over the face
of the antenna.

Less noise. In the receiving
mode, the Dielguide causes the
substantial reduction in the anten-
na’s noise temperature by decreas-
ing spillover between the main re-
flector and the subreflector.

The problem of forward spillover
past the subreflector becomes more
intense with a conventional antenna
when it is aimed low over the hori-
zon, because the earth is in its radi-
ation path. For example, a typical
15-foot antenna aimed 7° above the
horizon produces a noise temper-
ature of 55°K. With a Dielguide,
and the consequent reduction in
spillover, that noise can be cut
to 35°K.

When the Dielguide is used in
a dual reflector antenna, such as a
Cassegrain type, the size of the
subreflector can be reduced with-
out loss of gain, the Radiation de-
signers say. And since the sub-
reflector can be mounted directly
on the cone, there is no need for
supporting spurs on the face of the
antenna; thus the radiation pat-
tern produced by the antenna is
free of interference.

Radiation engineers tested the
Dielguide only in frequencies be-
tween 7.2 and 8.4 gigacycles. Re-
sults so far indicate that the im-
provement is constant over those
frequencies. The designers now
plan to test the equipment at other
frequencies, and they believe that
they can achieve a frequency range
of 2:1 for a Dielguide feed.

Powers up to 20 kilowatts, con-
tinuous wave, were used. The re-
searchers believe that level is about
the upper limit of the Dielguide.

Computers

Solid state slipstick

An electronic slide rule that utilizes
the exponential current-voltage
curve of certain transistors has
been developed by George Platzer,
an engineer in the Chrysler Corp.’s
research laboratories in Detroit.
The circuit, which is essentially a
component for analog computers
and similar devices, solves such
problems as \/AB/C, with inputs
and outputs represented by vari-
able currents. Chrysler uses the
device in control equipment for
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Two-factor multiplier circuit designed as one form of Chrysler’s
electronic slide rule. The collector current of T, is proportional
to the product of the two input currents |, and .. The bias
current I, corrects for temperature variations.

its assembly lines.

Theoretically, the current pass-
ing through a junction diode is
exponentially related to the voltage
across the diode; or conversely,
the voltage is logarithmically re-
lated to the current. Actual diodes
vary somewhat from this theoretical
ideal, particularly at very high and
very low current. Certain types of
transistors, however, approach the
ideal much more closely, especially
when the collector and the base
are connected so that the transis-
tor effectively becomes a diode.

Logarithmic translators. The dia-
gram above shows how these tran-
sistors are connected to make a
two-factor multiplier. In this cir-
cuit, transistors T; and T, are
logarithmic translators that pro-
duce output voltages proportional
to the logarithms of the input cur-

These four transistors make up a
new electronic slide rule, which was
developed at the Chrysler Corp.
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rents. These voltages are in series;
therefore their sum is the input
voltage to transistor T,. The col-
lector current of T, is propor-
tional to the antilogarithm of its
input voltage; and this current is
therefore proportional to the prod-
uct of the input currents. If the
current generator for I, is, for in-
stance, a tachometer generator, and
that for L, is a strain gauge, then
I, is proportional to speed, I, is
proportional to torque, and I. is
proportional to speed times torque,
or horsepower. Transistor T; car-
ries a constant current of I, to com-
pensate for temperature variations.
The entire circuit is mounted in
one TO-5 can, which insures that
all the transistors are at equal
temperatures.

Full scale for each input and
the output is 1 milliampere; the
load impedance Ry, is 1,000 ohms.
The circuit is designed to operate
over a 100 to 1 range, so that the
smallest current would be 10 micro-
amperes. It has a full-scale ac-
curacy of = 0.5% and an abso-
lute accuracy of = 2%, meaning
that for currents near maximum,
the accuracy is within 5 micro-
amperes, but for very small cur-
rents the accuracy is within 0.2
microamperes. The circuit’'s fre-
quency range is one megacycle. Be-
cause it is so simple, the circuit is
highly reliable.

Control function. The circuit
can be applied to any instrumenta-
tion or control function that in-
volves such mathematical manip-
ulation, as the horsepower meas-
urement just mentioned, or meas-
urement of electrical power (watts
equals volts times current). Such

a measurement in turn can be used
for control functions—power regu-
lation, for instance, or regulation
of fuel mixtures.

Similar circuits can be built to
evaluate any kind of mathematical
function involving products, quo-
tients, or roots. The number of
transistors depends on the com-
plexity of the function. One draw-
back of the design is that the cir-
cuits are all basically one-quadrant
computers—that is, they work only
with positive numbers, and pro-
duce a positive result. It is possi-
ble to connect two circuits back-to-
back for four-quadrant operation;
but a bias current is required and
the inputs must be reversed for one
of the two circuits.

The transistors are pnp silicon
epitaxial planar transistors made
by the Semiconductor Products di-
vision of Motorola, Inc.

Contracts

Competition from abroad

Representatives of 100 British com-
panies are negotiating with the
McDonnell Aircraft Corp. to com-
pete with U.S. suppliers for con-
tracts to install systems—most of
them electronic—on F-4 Phantom
jet fighter planes being delivered to
the Royal Air Force.

The General Dynamics Corp. has
been talking with British compa-
nies about avionics for the F-111
tactical fighters, which Britain may
buy.

Other foreign companies are
clamoring for a chance to compete
for subcontracts on American
equipment sold abroad—about $1.5
billion worth each year—and indi-
cations are that they will get it.

The actions reflect changes in
Pentagon policy, brought about by
increasing pressure from abroad.
Countries which buy U.S. equip-
ment think that the United States
should throw a little business their
way, too. It is in electronics that
the foreign companies think they
can make the biggest inroads.

It’'s free enterprise. Are these
changes harmful to American in-
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dustry? No. says Henry J. Kuss Jr.,
deputy assistant secretary of de-
fense for international logistics ne-
gotiations. Foreign competition on
subcontracts will encourage a
swing to purchases abroad of ma-
jor U.S. military systems, he says.

Over the next 10 years, Kuss es-
timates, the West will spend $300
billion for military equipment, and
$100 billion of this will be spent by
governments outside the United
States. About 15% of these foreign
purchases should be made in the
U.S., he figures.

He points out that McDonnell
would not have received the British
order, which was for $400 million,
if London had not canceled devel-
opment of its own jet fighters. By
January, Britain is expected to
place a much larger order—for
nearly $41 billion—for the F-111;
this plane also would replace one
that Britain had planned to develop
herself.

Initially, the foreign companies
will compete for subcontracts on
U. S.-made equipment that is sold
to their own countries. But if the
foreign concern wins the contract,
it might also supply parts for sim-
ilar equipment bought for U. S. use.

For instance, McDonnell subcon-
tracts about half of its F-4 produc-
tion; Pentagon officials expect the
British to be able to compete for
40%. Of this, 15% is for electron-
ics, and the balance for the Rolls-
Royce Spey engine that is already
slated to go into the British mod-
els. If British companies win the
electronics contracts, they could
also supply components for F-4’s
used by the U.S. military.

Buy British. The British, clearly,
are the prime movers in cracking
the “buy American” policy. They
want to sell ground communica-
tions equipment, airborne radars,
navigational aids, including inertial
navigational systems, telecommuni-
cations equipment, computers and
data recorders. Britain would also
like to peddle its Seacat ground-to-
air missile, the HS-125 helicopter
and conventional arms and ammu-
nition. But other countries are also
free to take advantage of the new
Pentagon policy.

The breadth of that policy is in-
dicated by the fact that the U.S.
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will place orders with British ship-
yards for $40 million worth of non-
combatant ships, and may order
another $14 million worth next
year.

But, Kuss insists, the U, S. will
not buy abroad merely to bolster
foreign economies. Contracts, he
adds, will be awarded on a “best-
buy” basis.

Avionics

Why did they crash?

In the decade that the Air Force
has been flying the Douglas Air-
craft Co.’s giant C-133 Cargomas-
ter, six have crashed—and no one
knows why. Earlier this year, the
Air Force grounded its remaining
42 operatonal C-133’s for about
three months and conducted exten-
sive tests, but still couldn’t find
anything wrong.

The C-133’s are flying again, but
the Air Force has not given up its
search for the cause of the crashes.
Next week, the Lockheed Aircraft
Corp. will complete the installation
on the huge transports of the most
elaborate flight recorder ever car-
ried on an operational military air-
craft.

The package, installed in the tail,
is designed to separate from the
plane if it crashes. A continuous
loop tape will store details of the
last 15 hours of the plane’s opera-
tion and the last half-hour of con-
versation in the cockpit.

Collection service. The recorder
package will collect data from 86
transducers situated in strategic
locations in the airframe and the
turboprop engines. Navigational
data and information on the plane’s
speed and altitude will also be
taped.

In addition to the recording sys-
tem, the package will contain an
emergency beacon transmitter. The
unit, with a range of 80 nautical
miles, will guide rescuers to the
downed plane. The entire package
has been designed to float.

The C-133 fleet involves an in-
vestment of about $300 million. The

Crash recorder attached to tail of
Cargomaster picks up information from
86 transducers and four voice channels.

plane is used by the Air Force and
the Army for shipment of outside
cargo, such as missiles.

Military electronics

Small splash

The world’s largest indoor under-
water shooting gallery is being
built at the Naval Ordnance Lab-
oratory at White Oak, Md. It’s a
huge tank which will provide data
on missiles that operate both in the
water and in the atmosphere, such
as Polaris and the antisubmarine
missile, Subroc.

The $3-million facility will be
completed next spring. Its first as-
signment will be to simulate the
stresses and rates of turn and de-
celeration for Subroc, which slams
into the ocean at 2,000 miles per
hour and generates shock pressures
that reach 20,000 pounds per
square inch.

Model missile. For this simula-
tion, models of missiles will be
fired into a large tank of water.
Their behavior before and after
entering the water will be picked
up by a variety of sensors, trig-
gered by a sequencer which is it-
self controlled by a special-pur-
pose computer.

The computer is really the heart
of the system. From data on muz-
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zle velocity and air trajectory, it
calculates the time at which the
missile model will enter the water.
The sequencer, signaled by the
computer, causes pictures to be
taken and pressure, sound and
other data to be recorded. The
computer collates the data so that
a given picture can be matched
with the correct pressure and
sound data.

The missile model is actually a
tiny f-m radio transmitter, housed
in a steel bullet three inches in
diameter and six inches long. The

the f-m transmitter, which was de-
veloped by the Army’s Harry Dia-
mond Ordnance Fuse Laboratory
in Washington. The forces are
measured by a quartz crystal ac-
celerometer developed at Colum-
bia University.

The tank is 100 feet long, 35
feet wide, and 75 feet high, built
of 160 hexagonal cells of precast
concrete. Each of the cells is a
potential viewing or instrumenta-
tion port, and any or all of the
sensors can be patched to any of
the cell walls.

rm— LNJNCHER sw e r'g‘pmmm;m
(2' UPPER LAUNCHER GALLERY 7' TEST TANK (STEEL LINED} 10 LOADING AREA
'3 PHOTO OBSERVATION CUBICLE 8’ STORAGE TANK (STEEL) ‘b WATER EXIT LAUNCHER

(4! LABORATORY SPACES
5 MAIN ENTRANCE

12 MECHANICAL AND ELECTRICAL
SERVIGE EQUIPMENT

Navy's indoor lab for testing underwater missiles.

telemetered signals help provide
tracking information throughout
the model’s trip.

A wired-logic computer had to
be designed for the system, accord-
ing to William R. Busby, project
engineer of Houston Engineering
Research Corp., which built it.
A general-purpose stored-program
computer could not calucate the
velocity and other characteristics
of the bullet and still keep up with
the missile. One of the giant new
machines could do it—but these
machines are “too good.” They are
capable of a great many operations
that are not needed, and are very
expensive.

Samples data. The sequencer
controls all the equipment used in
the test—up to 30 different instru-
ments—with a resolution of one
millisecond. It samples the condi-
tion of the bullet every half inch
along its flight path.

Forces acting on the bullet are
telemetered to the computer from
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Manufacturing

Foil coil

For the past 10 years, aluminum
producers and coil manufacturers
have been investigating the idea of
making small coils from aluminum
foil, which is cheaper and lighter
than copper magnet wire. But the
results have not been good, because
thin foils are hard to wind at high
speed, and because the foil’s edges
often meet and cause short circuits
unless the insulation between the
layers extends well over the edges.
But last month, at the Electrical
Insulating Conference in New York,
the Reynolds Metal Co. demon-
strated a high-speed coil winder
and an insulating material that
makes winding easier. With copper
becoming scarce and costly, the
future of foil coils looks more
promising.

Nearly solid. The insulation is a

coating of B-stage epoxy especially
formulated for application to foil.
The epoxy is applied to one sur-
face of the foil so that it extends
over the edge, and then it is par-
tially cured until it is solid. After
the coil is wound, it is heated,
bonding and insulating the coil
layers and completing the curing.
While it is being heated, the coil
can be shaped into forms like the
rectangular box preferred in in-
strument transformers.

The winding machine resembles
a capacitor winder. It can auto-
matically wind 120 coils an hour, a
speed comparable to that of cop-
per winding machines, Reynolds
says. The foil is unwound from a
spool and the leading edge of the
foil is taped on a bobbin, wound
and finally taped again. The bob-
bins are brought to the winding
position on a turntable. The coil
leads are cold-welded in pairs. The
machine can interleave insulating
material between the foil if the
user prefers to buy his insulator
separately, and not use the epoxy.

At present, aluminum coils are
used mainly in large electrical
equipment, such as distribution
transformers, where savings in
weight and metal cost are large.
In such cases, interleaving can be
relatively stiff and thick without
size penalties, and thick strips of
aluminum with rounded edges can
be used.

Reynolds designed its winding
machine primarily for automobile
alternator coils 1% to 3 inches in
diameter. The General Motors
Corp. and the Chrysler Corp. are
considering switching from wire to
foil in these coils, Reynolds says.

In large coils, the company says,
45 cents worth of aluminum can
do the job of $1.20 worth of copper,
at a weight savings of two to one.
But the company declines to dis-
close price savings in the use of
foil in the automobile alternator
coils or other small parts other
than to say that the prices are
“competitive.”

New market. Reynolds’ next ma-
jor target will be instrument trans-
former coils. It considers the new
insulating material the key to this
market and to future plans to pro-
mote foils in loudspeaker and
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POWER FEATURES

Stackable to 600 KV

Small Size — 5 KW per cu. in.

Heat Sink for Each Diode

Copper Base and Large Cooling Surface

ANTI-CORONA FEATURES

Vacuum Encapsulated

Smooth Polished Surfaces

Curved Profile to Provide Uniform Potential Gradient
Helical Internal Construction for Gradient Distribution

TRANSIENT PROTECTION FEATURES

Controlled Avalanche Diodes
Individual Voidless Glass Sealed Junctions
High Forward and Reverse Surge Capability

ALSO AVAILABLE IN FAST RECOVERY TYPES

-
Copper

Heat Sink

Threaded Insert

mates with base

for stacking

Y4-28 Threaded Stud

Filled Epoxy
Encapsulant

Copper Base and
Anti-Corona Ring

Shunting Capacitor
formed by Package

ONLY FOUR MODELS MAKE ALL THESE ASSEMBLIES:

UHV 15 UHV 10 UHV 5 UHV 2.5
15 KV at .8 A* 10KV at 1.25 A* 5KVat2.5A* 25KV at5.0A*

ALL IN STOCK AT THE FACTORY AND YOUR LOCAL COMPAR OFFICE

3 phase bridge Stack 3 phase bridge Cockroft-Walton
45 KV per leg 75 KV 10 KV per leg Multiplier

2.4 A output* .8 A output* 7.5 A output® 100 KV at 25 mA
*oil cooled ratings

SEND FOR NEW 12 PAGE ASSEMBLY CATALOG
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“better always/by design”
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A 20 amp
contactor
in a
10 amp can?

That’s about the
size of it...

That’s right. We designed a 20 amp
Balanced Armature Contactor and
put it into a package which is 1.5” x
1.5” and 1.812" high, exactly the size
shown above.

It weighs only 7 ounces and meets
MIL-R-6106E requirements.

Despite its small size and weight,
this unit has double-make, double-
break contacts rated 20 amperes at
28VDC or 115VAC, 400 cycle, single
phase or three phase loads.

Balanced Armature design allows
this unit to withstand 50 G’s of shock
and 15 G’s of vibration to 3,000
cycles. Best of all, it is a production
item, vailable for today’s needs.

Write today for your free copy of
Hurletron’s “Design Engineers
Relay Handbook.” It will give you
full details on the entire series of
Hurletron Balanced Armature
Relays and Contactors.

HURLETRON-
WHITTIER

INCORPORATED

750 West Rivera Road
Whittier, California 90606
213-723-4861 213-698-9824
TWX 213-685-6261
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power-supply coils. Little use in
radio frequency and i-f coils is
anticipated.

Coils smaller than alternator
coils can be wound by changing
mandrel and bobbin size, the com-
pany says. In demonstrations, foil
thicknesses ranging from 0.65 mils
(0.00065 inch) to 1.5 mils have been
attained, either epoxy-coated or in-
terleaved with paper 0.25 to 0.5 mil
thick. Reynolds makes capacitor
foils as thin as 0.17 mil and says it
can supply coil foils that thin.

Reynolds does not plan to sell
the winding machine. Its design
will be made available to winder
manufacturers.

Medical electronics

Artificial heart

“I think that sometime in the fu-
ture, a prime contractor will be
selected to develop an artificial
heart,” says Dr. Frank Hastings of
the National Institutes of Health at
Bethesda, Md.

Dr. Hastings, a surgeon and a

&, "
Automatic aluminum foil winding machine introduced by

Reynolds. Up to 120 coils an hour can be wound with
the machine, and one operator can tend several machines.

pioneer in the field of medical elec-
tronics, will receive study reports
shortly after the first of the year
from six electronics-oriented com-
panies which, at a cost of nearly a
half-million dollars, are working on
the problem of developing an arti-
ficial heart.

“All of the companies are ap-
proaching the problem from differ-
ent points of view. We can see that
we are going to get different prod-
uct ideas from them,” says Dr.
Hastings.

With one exception, electronics
is favored for power and for
conversion into mechanical en-
ergy to sustain human blood flow.
The Thermo-Electron Engineering
Corp. of Waltham, Mass., prefers
direct conversion to mechanical en-
ergy through a tiny, isotopic-decay
“steam engine” implanted in the
heart. Thermo-Electron has a study
contract for $89,7009.

The other five contractors are the
Stanford Research Institute, $89,-
471; the Convair division of the
General Dynamics Corp., $87,700;
the Westinghouse Electric Corp.,
$84,585; Avco-Everett Research
Laboratory, $86,372, and the Ham-
ilton Standard division of the
United Aircraft Corp., $86,290.
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State of the heart. Dr. Hastings
says the six companies will pro-
duce an over-all view of the state
of the art. “We hope to pinpoint
areas for further research and de-
velopment and to find some of the
soft spots in research,” the doctor
says.

The institute has received $3.9
million this fiscal year from the
Health, Education and Welfare
Department budget to carry on the
program.

It seems certain, whatever the
power source or blood pump, that
electronic components will have a
major role in controlling feedback,
monitoring the heart’s operation,
and warning of impending break-
downs of both the power source
and the pump, explained Dr.
Hastings.

The major problem, in Dr. Hast-
ings’ estimation, is putting together
any system which is compatible
with the body environment and
with the blood chemistry. For un-
known reasons, to cite one example,
the protein in the oxygen-carrying
red cells starts disintegrating after
a few hours of pumping, and con-
tinues to disintegrate for 10 hours
or longer—even after the mechani-
cal heart has been removed and
the patient’s own heart resumes
pumping.

Long or short. In true systems
engineering fashion, the companies
will analyze the impact of human
dependence on a mechanical de-
vice for periods ranging from a
short time, to assist the patient’s
own recovery after a heart attack,
to the end of what might be a very
long lifetime. Dr. Hastings esti-
mates at least 400,000 of the one
million deaths from heart and re-
lated cardiovascular diseases could
be prevented with a good artificial
heart.

Not the least important aspect
of the study, Dr. Hastings said,
will be the companies” recommen-
dations on whether or not the proj-
ect should aim solely at develop-
ing an implantable heart which
would totally rehabilitate a heart
attack victim. The effect on the
total public health picture—and on
the victim’s families—would be tre-
mendous, he warns, if “we merely
keep the heart victims alive in a
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ULTRA SENSITIVE NANOVOLT AMPLIFIER

Never has a de amplifier provided more versa-
tile performance with as precise amplification
for signals as low as 100 nanovolts. The
completely transistorized Model 120 is specifi-
cally engineered for low-level, low frequency
transducer outputs typifying geophysical,
seismographic, bolometer, cryogenic, cellular,
Hall-effect, and related applications. Gains
from 200 to 1 million, selected by front panel
switch. Operated directly from ac power line
or by battery, thus eliminating 60-cycle hum
interference and providing floating amplifica-
tion. Built-in battery charger and front-panel
monitor. Just 14 pounds light.

SPECIFICATIONS

Gain Steps . . 200 to 1 millionin 1, 2, 5, etc. sequence
Input Resistance . . Greater than 1 megohm
Bandwidth . . . . . From dc to greater than 100 cps
Gain Accuracy . . £19% atdec

Gain Stability . . . *0.01%/day, =0.1%/6 months

T e T Rl SE 5 7 o o i S e . £0.02%
Noise . . . . . . <0.05uv pk to pk referred to input
D it e e < 0.05uv/hour referred to input
OUtPaE. o 5 o it s w s e < S=DVOlts at5 ma
Size . . . 634”w by 83/4”h by 1014"”d portable cabinet

Power . 115VAC or self-contained rechargeable batteries

A

ASTIROIDA T A

*P. 0. Box 3003 w 2/0 E. Palais Road, Anaheim, California m 92803
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A PRACTICAL LASER!

Perkin-Elmer’s Model 5200 is so compact
...sorugged ... so simple to use, that it
makes practical almost any application
requiring the unique characteristics of a
continuous laser beam ... even on pro-
duction equipment.

This stable, noise free source of bright
coherent light is already replacing
expensive and hard-to-use optical
alignment and measuring systems.
Furthermore, it is extending the use of
precise alignment and measuring systems
to applications previously considered
impractical.

For applications requiring a lot of light
in a small diameter beam, the brightness
of the Model 5200 is thousands of times
greater than the most intense arc lamps.

When precise dimensions are important,
the coherent nature of laser light...to a
degree never before possible...extends
the use of interferometry to entirely
new applications.

Are you considering using a laser?

To obtain detailed information on the
Model 5200 laser, contact Electronic
Products Division, Perkin-Elmer Corpo-
ration, 751 Danbury Road, Norwalk,
Connecticut. Or phone 203-847-0411.

PERKIN-ELMER
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hospital bed at $20,000 a year in
expenses because no one wants to
turn the switch off.”

Microcircuits

Getting in step

The integrated circuit industry is
showing signs of maturity. A com-
mittee of the Joint Electronic De-
vices Council (Jedec), after deliber-
ating for about a year, has approved
a registration format for logic gat-
ing circuits. IC’s will now be iden-
tifiable by code numbers like those
established for tubes, diodes, and
transistors. At present, each manu-
facturer uses its own house number
to designate IC’s, and there is no
way to tell at a glance that Moto-
rola’s Brand X may be the same as
Fairchild’s Brand Y.

Jedec is sponsored by the Elec-
tronic Industries Association and
the National Electrical Manufac-
turers Association. Any manufac-
turer who wants to have his IC
registered may apply to the EIA.
Registration numbers will begin
with the prefix 6N, and the rest of
the number will reflect only the se-
quence of the applications. Here, in
brief, are the characteristics that a
manufacturer must submit for reg-
istration:

= Type of device (germanium,
silicon, ete.);

= Type of logic function and po-
larity (a dual NAND positive logic);

= Number of inputs;

= Number and logic type of out-
puts;

= Logic descriptions (logic dia-
grams, equations and truth tables);

= Mechanical data (outline of
package and terminal assignments,
handling precautions, and mount-
ing recommendations);

* Limits (temperature, terminal
voltages and currents);

= Electrical characteristics (nom-
inal supply voltages, methods of
testing, static and dynamic char-
acteristics and power supply cur-
rent drain).

An earlier draft of the Jedec for-
mat, prepared last spring, was lim-
ited to monolithic circuits. The new

format includes multichip, film, and
hybrid circuits. Requirements for
other functions, such as buffers and
flip-flops, are in the works.

Long wait. Why did it take so
long for an IC format to be devel-
oped? Partly, says Jean A. Caffiaux
of EIA, because for a long time
there wasn’t enough duplication to
make registration worthwhile; and
partly because it took manufac-
turers a long time to decide which
parameters were the most impor-
tant as far as registration was con-
cerned.

Registration will make it easier
for users to compare circuits and
to obtain a second source of sup-
ply. In addition, it assures that
characteristics cannot be changed
at will by the manufacturer, and it
guarantees a permanent record of
characteristics even if the manufac-
turer discontinues production.

Instrumentation

Malfunction receiver

Shake up an electronic assembly
and listen with an r-f probe. If the
assembly emits a tiny yelp of r-f
noise, it has a faulty component or
a bad connection. The faulty part
can be pinpointed by scanning the
assembly carefully with the probe
while tapping around the parts
with a plastic rod.

The test, which has been devel-
oped into both a malfunction-de-
tection and preventive mainten-
ance procedure by the Aeronautical
division of Honeywell, Inc., can be
performed with r-f noise meters.
One test set which the division
built a few years ago for its own
use cost about $13,000.

Since then, the division has
stripped the technique down to its
essentials, with the result that this
month it will start selling an r-f
probe that only weighs five pounds
and costs $695. The probe is tuned
to a single frequency band and
operates on d-c battery power to
hold down r-f noise in the set.

Arc transmitter. The test is based
on the fact that electric arcs gen-
erate r-f energy and that arcing
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occurs when an intermittent fault
is jostled. The fault could be a
loose part in an electron tube, a
fracture in a resistor, a frayed wire,
a cold-solder joint, or even a crack
in the silicon crystal of a semicon-
ductor device. Faults such as this
often don’t result in equipment
breakdown until long after the
equipment has passed all the usual
operational tests.

The r-f noise “spikes” generated

» «u,%,&‘ Q‘Mu—«m s

Listening for r-f noise in a micro-
electronic assembly is Richard

T. Stevens, senior systems development
engineer at Honeywell.

by intermittent faults were first
noticed by Honeywell engineers
while they were making r-f inter-
ference measurements on electronic
circuits. Their worth as a fault in-
dicator was later proven when the
noise test revealed faults in 10 of
140 flight-control assemblies that
had passed all operational calibra-
tion tests.

Arc receiver. The probe receives
a band of 20 to 30 megacycles.
Honeywell found that most of the
r-f noise energy is in that band.
The r-f pickup is an air-core, loop
antenna tuned to a center fre-
quency of 26 Mc. In the test set are
r-f and audio amplifiers, a head set
for listening to the noise and a
meter to judge relative strength of
the noise.

The r-f amplifier’s gain is high,
up to 150 decibels of voltage
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As low as
10C
a dozen

. . . when you buy G.E.’s new plastic platform headers in
quantities of a million or more. Today, General Electric is

selling plastic platform headers like these for less than 1¢ to 5¢ each
depending on design.

Want to figure your savings? Better plug in a calculator.

And there’s more than economy. You have flexibility in the number of
leads and in pin configuration. General Electric engineers will work di-
rectly with you to develop the plastic header best for your application.

The new plastic platform header is an exceptional product designed for
new plastic encapsulated devices. It's available with virtually any type
wire desired, including gold plated Dumet. Continuous temperatures to
400°F are taken in stride. The plastic header is ideal for silicon transistors
and a wide range of other devices.

Plastic platform headers. A breakthrough., The kind of progress you've
come to expect from General Electric.

For more information, or for a quote on your requirements, call or
write: General Electric Company, Lamp Metals & Components Dept., 21800
Tungsten Road, Cleveland, Ohio 44117. Tel: (216) 266-2971.

Progress ls Ouvr Most Important Prodct

GENERAL @3 ELECTRIC

Circle 45 on reader service card 45



Three more plug-ins for
Analab Oscilloscopes

LF SPECTRUM ANALYZERS

CF RANGES: DC-20KC; DC-100KC; DC-500KC

Analab Spectrum Analyzer Plug-ins, Types SA101-1, SA101-2, and SA101-3,
expand the versatility of Analab scopes to include operation as complete
low frequency spectrum analyzers. The scope with plug-in features high
stability, great sensitivity, very low incidental FM, full scan and center fre-
quency tuning, and wide range calibrated sweep with vernier-adjust manual
sweep available for highest accuracy.

The new plug-ins are designed for use with Analab low frequency scope
main frames Types 1100 and 1100R (single trace), 1120 and 1120R (dual
trace), and also with storage scopes Types 1220 and 1220R — these being
ideal for very slow scan displays.

Owners of Analab scopes can now add spectrum analyzer capability at very
moderate cost. Others in the market for an excellent spectrum analyzer should
consider the sound economy of the Analab scope with spectrum analyzer
plug-in, since many other versatile Analab plug-ins, for a wide range of ap-
plications, are available for use with the same main frame.

We invite your request for further information on the new spectrum analyzers
as well as the complete line of oscilloscope main frames and plug-ins.

Analab

A DIVISION OF BENRUS

18 Marshall St., Norwalk, Conn. 06856 — Phone 203-838-4148;
Cable ANALAB, Norwalk, Conn.
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gain, and its noise is low, less
than 4 db.

Zeroing in. The technician using
the probe turns down the gain
until he can’t hear the normal back-
ground noise. Then he hunts for
noisy parts while the circuits being
tested are operating. He does this
by tapping the assembly and re-
ducing the gain until he can only
hear the noise when the pickup
antenna is next to the part making
the noise. He can also check for
leaks in r-f shielding.

The noise can be recorded or dis-
played on an oscilloscope for signa-
ture analysis. Eventually, Honey-
well hopes to develop equipment
that could analyze a system’s noise
signature, to locate faults auto-
matically and quickly.

Electronics notes

= Contract lineup. New England
and Texas are continuing their rise
among the states receiving the
largest dollar volume of military
prime contracts. Figures for the fis-
cal year ended June 30 show Cali-
fornia and New York still holding
first and second places, as they have
for years, with $5 billion and $2
billion, respectively, in military
work. Texas, with $1.4 billion,
moved up from fourth place to
third; Connecticut, with $1.2 bil-
lion, from fifth to fourth; and Mas-
sachusetts, with $1.2 billion, from
seventh to fifth. Missouri, which
ranked third in 1964, dropped from
fifth to sixth.

= Laser boost. The Union Car-
bide Corp. has pushed the power of
a continuous-wave solid state laser
to 42 watts. The previously re-
ported record output was about five
watts. Researchers used a neody-
mium-doped, yttrium aluminum
garnet (YAG) rod. Key to the
achievement is a high-intensity ra-
diation source—an arc in a quartz
tube filled with argon plasma—
which provides up to about 50 kilo-
watts of input power. A water
jacket cools the rod during opera-
tion, but details are proprietary. A
100-watt output is expected shortly.
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SCREEN PRINTED

MICROGIRGUITRY NEWS

Information and ideas on the manufacture of screen printed microcircuitry. Published periodically
by E. I. du Pont de Nemours & Co. (Inc.), Electrochemicals Department, Wilmington, Delaware 19898.

REG. u. 5. PAT. OFF.

screen printed microcircuitry because of the unusual ver-
satility offered by the process. Some of the key factors
influencing their decisions are:

DU PONT SEMINAR ON HYBRID MICROCIRCUITRY
NOW AVAILABLE TO SMALL GROUPS

1. The screen printing process provides an economical
method for producing large or small quantities of thick
film microcircuits. After firing to fix the printed conduc-
tors and resistors to the ceramic substrate, active devices
can be attached as required. Attaching active devices to
printed wiring enables the engineer to call specifically
for those devices that will match the close tolerances his
design requires.

2. An almost endless variety of resistor-conductor networks
is possible because the conductors can be applied in
almost any pattern and resistors can be produced over
a broad range of values. This is even possible on ex-
tremely small wafers.

Small groups are now seeing Du Pont’'s presentation on screen printed
hybrid microcircuitry.

Since first presented in late May, the Du Pont technical
seminar on screen printed hybrid microcircuitry has met

3. Resistor-capacitor networks are possible by: either (A)

sandwiching a screen printed dielectric layer between
two printed electrode layers, or (B) attaching discrete
capacitors as required, or (C) using a high dielectric
constant ceramic such as barium titanate as a substrate.

with favorable response by over 600 executives and elec-
tronic engineers who have seen the presentation.

Now Du Pont electronics industry representatives have
available a complete “desk-top” presentation on the sub-
ject for groups of six or less. Prepared to meet the wide-
spread interest in screen printing as a method of producing
reliable microcircuitry for a low capital investment, the
presentation, like the seminar:

4. Gate circuits adaptable to repetitive logic circuitry are
possible when screen printed passive circuits are com-
bined with transistor and diode chips.

Du Pont offers a growing line of resistor and conductor
compositions to give the engineer a wide range of design
capabilities. The following table shows some of the char-
acteristics that can be obtained from Du Pont Resistor

1. Compares the major types of microcircuits for versatility, Compositions:

cost and manufacturing ease.

DU PONT RESISTOR COMPOSITIONS OFFER

2. Illustrates the techniques used in the manufacture of WIDE RANGE OF RESISTANCE VALUES

screen printed hybrid microcircuits.

) "o Resistor Nominal
3. Discusses the characteristics of the components that can Compositi Resist TCR, ppm/°C Noise Driftt
be produced with the presently available materials. (ohms/sq./mil) | 25t0105°C | 25t0 —75°C | db/decade <
4. Indicates the areas in which Du Pont research has set 7826 500* 4425 +270 - 9
goals for new products. 7827 3,500* +330 +110 0 2
Availability of the presentation should be discussed with 7828 10,000* +100 —100 +15 2
the representative in your area. His name and telephone 8020 I +300 —250 =35 0.5
number appear on page 2. 8025 20,000%* —50 +300 +15 0.5
*on barium titanate
**on alumina

HOW SCREEN PRINTING OFFERS VERSATILITY
IN DESIGN OF MICROCIRCUITS

Many electronic engineers are meeting their particular
needs for reliable hybrid microcircuits through the use of

tafter 1,000 hours at 150°C, no load.

Additional compositions are available to provide inter-
mediate values in each of the 7800 and 8000 series shown
above.




RECENT SCREEN PRINTED MICROCIRCUITS
SHOW VERSATILITY OF THE PROCESS

Screen printed microcircuits are being used in a wide range of
applications. Below are two excellent examples of such circuits.

1. Circuit shown on the right is a resistor network on an alumina
substrate as designed for a computer system. The ‘top hat’
configured resistor permits very precise adjustment of resist-
ance value. Shown to the left, the same network has been
encapsulated in a typical Durez type coating and subjected
to vacuum wax impregnation for protection. (Courtesy, Erie
Technological Products, Inc., Erie, Pennsylvania.)

2. Photo #2 shows a dual amplifier circuit for the N-17 inertial
guidance system of the Minuteman II ICBM. This chip is
one of 580 chips that Autonetics builds for the N-17. Circuit
is shown prior to the attachment of a mated pair of tran-
sistors and packaging of the circuit in a flat-pack container.
(Courtesy North American Aviation, Autonetics Division,
Anaheim, California.)

i
|

INCREASED RELIABILITY RESULT OF
DU PONT RESEARCH ON ADHESION PROCESS

A high level of reliability is possible from screen printed
wiring, when steps are taken to carefully control adhesion.
In the paper, “Adhesion of Platinum-Gold Glaze Con-
ductors”, given at the May IEEE Conference, Dr. L. C.
Hoffman, of the DuPont research staff, presents a charac-
terization of the adhesion process that can lead users to
higher initial conductor adhesion and less degradation of

Better Things for Better Living
... through Chemistry

REG. U, 3. PAT.OFF.

E. I. duPont de Nemours & Co. (Inc.), Electrochemicals Dept.
Ceramic Products, A 16, Wilmington, Delaware 19898

Date—_

[] Please send a copy of Dr. L. C. Hoffman’s paper ‘‘Adhesion
of Platinum-Gold Glaze Conductors’.

[] Please send a copy of your booklet ‘‘Screen Printed Hybrid
Integrated Circuitry”.

NAME—

TITLE

BUSINESS ADDRESS.

CITY & STATE ZIP CODE.

adhesion in high temperature environments. Dr. Hoffman
finds:

JE

At a given firing temperature, adhesion rises rapidly to
a maximum with the passage of time, and having reached
the maximum degrades slowly as firing time increases.
Unless the temperature is above 850°C., the maximum
adhesion cannot be obtained. Since the relationship be-
tween firing time and temperature is critical, each user
should run tests with his own equipment to determine
the best firing time to meet his particular requirements.

. Higher melting solder (e.g. 30Sn/70Pb) greatly increases

the initial adhesion of conductors. In the case of plati-
num-gold compositions initial adhesion was doubled by
using 30Sn/70Pb rather than eutectic solder.

. At ambient temperatures of up to 110°C., the rate of

adhesion decrease over long periods of time is almost
negligible.

Copies of Dr. Hoffman’s paper are available by mailing

the coupon below.

NEW Pd-Ag COMPOSITION
FOR RESISTOR TERMINATION

A recent development by Du Pont research is Palladium-
Silver Composition #8151. This conductor composition
is designed to be fired simultaneously with DuPont Resis-
tor Compositions and produce a smooth overlap area.
Firing results in a conductor path that is firmly bonded to
the substrate and can be easily soldered. Full information
is available from Du Pont.

PROPERTIES OF ELECTRONIC PALLADIUM-SILVER
COMPOSITION #8151

Method of Application: Stencil screen using 165 or 200 mesh

stainless steel screens

Thinner: Butyl “Carbitol” acetate

(Union Carbide Corp.)

Firing Temperature Range: 1280-1400°F. (693-760°C.)
Fired Film Resistivity: 0.04 ohm/square/mil
Solderability: Excellent—60 Sn/40 Pb or

62 Sn/36 Pb/2Ag.

Adhesion: On 96% alumina approx. 2000-2500

psi (peeling pull)

FOR MORE INFORMATION ON DU PONT
CONDUCTOR AND RESISTOR COMPOSI-
TIONS, contact any of these Du Pont Electronic
Industry Representatives:

SPECIALIST AREA AREA CODE—PHONE
Jerry Carson Philadelphia  215—TR 8-2700
Jim D’Andrea New York 212—971-4000
Bill Dawson Cleveland 216—561-1580
Red Kauffmann Chicago 312—IN 3-7250
Bill Wood San Francisco 415—467-9040
Los Angeles 213—283-0741
Jim Mitchell Atlanta 404—451-2611
Charlotte 704—375-5561
Dallas 214—ME 7-0540
Wolly Hille-Dahl Europe Geneva 42 16 00

PRINTED IN U.S.4



If you
needed

Airfreight
information
yesterday and
didn’'t get it...

BETTER CALL A MAN ABOUT A TIGER!

Don’t put up with “‘too little and too late’” when
it comes to airfreight information. Call Tigers. Get These Tiger Extras!
Tigers' large staff of airfreight specialists will get Wholesale “Blocked Space" Rates—save up

the information you need when you need it—in to 15% coast-to coast and to Chicago = Exclu-

person or on the phone! sive Advance Manifest. Data System—{ets
you know where your shipment is at any time

Airfreight is our business—our only business. So am{:when ernél be de/Filger:t«f . ohm},‘l Coatst-

: 3 § . to-Coast -Cargo Flights wit onstop
every Tigerservice is geared to save you time, Service Both Ways = Swingtail CL-44's—
money, effort and worry. Get prompt, on-the-spot only airfreighter that can carry shipments up
attention to every airfreight need. Call us for to 84 feet long.

proof: you can't afford not to ship Tigers!

FLYING TIGER LINE

THE AIRFREIGHT SPECIALIST
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Sigma relay idea of the month

A simple,

economical

way to control
liquid levels within
prescribed limits.

~

o 0 *
s

e

-i— -0 “3

|~ HIGH LEVEL

- LOW LEVEL

POWER FOR FILL TERMINALS 1£3

FPOWER FOR DRAIN TERMINALS 23

The circuit shown, utilizing a Sigma Series 5
relay, represents one of the simplest ways to
control liquid levels in applications such as
water treatment, chemical processing and the
protection of immersion pumps in artesian wells.

As can be seen, the liquid level is sensed by
immersion electrodes, a convenient and eco-
nomical method when the liquid is sufficiently
conductive. These electrodes can be arranged to
give independently controlled high and low lim-

its, and to operate for either filling or draining.

Depending on the size and spacing of the
electrodes, the purity of the water, or the type of
solution, the equivalent resistance between the
electrodes can vary from 100 to 100,000 ohms. In
the circuit shown, the Sigma Series 5 relay would
be suitable for almost any anticipated resistance.
A refinement of the circuit would permit control
of solution strength of soap, caustic or acid, be-
tween prescribed values.

If you have a relay idea, or can improve this
one, we'd like to hear from you. Your idea could
be the next one we publish.

Electronics | October 4, 1965



Sigma relay of the month

Versatile SPDT Series 5

relay responds
precisely to signals
as small as 1 mw.

The Sigma Series 5 relay is one of the most versa-
tile relays on the market today. Its 10,000 variations
are performing in applications ranging from air navi-
gation systems and liquid level controls, as shown on
the left-hand page, to burglar alarms and meter pro-
tection equipment. It is particularly useful as an
overload or underload device that reacts without
amplification to minute changes or differences from
normal values.

With the Sigma Series 5, adjustments to 1 mw are

vary more than == 2% throughout life, in the ab-

standard. Yet, its design enables it to have unusually
high contact forces even at these low inputs. Some
other reasons why this relay is in such widespread
use are:

1. Narrow differential-Drop out to pick up ratios
extending to 80%o because of easily adjustable fixed
contacts and spring force. 2. Accuracy—Trip values
can be set readily to within = 5%, with micrometer-
type screw contacts. 3. Stab|l|ty—Tr1p points will not

sence of contact erosion, as a result of low friction
needle point bearings. 4. Ruggedness—Withstands
100 G’s shock without damage, and heavy coil over-
loads of up to 30-to-1 for voltage or current. 5. Long
life—Five million operations, barring contact dam-
age by transients.

Try the Sigma Series 5 for yourself—tree of charge.
Just send for the Sigma Series 5 bulletin and a free
relay redemption certificate.

SIGMA DIVISION c SIGMA INSTRUMENTS INC

Assured Reliability With Advanced Design / Braintree, Mass. 02185
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Ever try putting
a square peg
in a round hole?

Circle 52 on reader service card

Medern packaging requirements are often as frustrating.

High density packaging coupled with *‘pluggability’’ has almost become a
mania with design engineers. As a result, once novel modular system design
is now the rule rather than the exception. There are flatpacks, micro-
modules, film structures, mother-daughter board combinations and matrix
configurations that defy description. And the only thing standard about
them is that they're all different.

Regardless of the problem, AMP has an answer. We've been able to offer
many exciting solutions to a variety of packaging problems. Examples:
Headers for transistor cans or interconnection modules plugged to circuit
boards through AMP’'s miniature spring sockets . . . flat flexible cable
plugged to micromodules by way of AMPMODU* grid plate headers . . .
functional flatpacks plugged together with AMP’s new active pin multi-
level circuit headers. . . connectors with up to 160 contactson .050" centers.

Our packaging specialists are continually searching for new and better
ways to interconnect circuits in the face of a fast-changing technology.
You can be assured that if ever industry asks us to design a square peg
to fit in a round hole . . . we’'ll find a way to do that, too.




A-MP* products and engineering

Sl SR el A
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AMP-MECA* modular intercon-
nection system

Miniature AMP-MECA modules
160-position board-to-board
MECA=x connector

Miniature spring sockets for
transistor cans

Diode Matrix Assembly
Standard AMPMODU horizon-
tal-mount interconnection sys-
tems

Standard AMPMODU vertical-
mount interconnection system
AMPMODU flat flexible cable
connector

Miniature AMPMODU board-to-
board connector
Standard AMPMODU
mental connector
Standard AMPMODU male in-
cremental connector

incre-

z

in: Australia »+ Canada + England « France « Holland « Italy « Japan « Mexico « Spain « West Germany

» » ©PO

Solid state instrumentation s

stem

designed around three-dimensional AMP-
MECA modules

In a typical application, transistor cans
are made pluggable to boards by inserting
and flow soldering AMP’s miniature spring

contacts

AMP's subminiature printed circuit

connectors conserve space
guidance and control computer

Miniature AMPMODU Grid
Plate connector

. Standard AMPMODU contact

strips for automatic machine
application

Miniature AMPMODU contact
strips for automatic machine
application

24-position helical receptacle
Helical flatpack connector
Crimp pack carrier for flat
packs

50-position active pin multi-
level header
14-position
receptacle

miniature spring

in missile

INCORPORATED

Harrisburg, Pennsylvania

*Trademark of AMP Incorporated



World's largest selection of

BOURNS
TRIMPOT"

adjustment potentiometers

POTENTIOMETERS

More engineers specify Bot rns TRIMPOT Potentiometers
because:

TRIMPOT Potentiometer line is complete:

Bourns offers you the largest selection of adjustment poten-
tiometers...33 standard models—4 terminal types—3
mounting styles.

TRIMPOT Potentiometers are small:

Space-saving size and choice of shapes permit the installa-
tion of up to 17 units (and sometimes even more) in one
square inch of panel area.

TRIMPOT Potentiometers are accurate:
Screw-driver adjustment gives as much as 9000° of rotation
...you can make and repeat the finest adjustments.

TRIMPOT Potentiometers are stable:
Adjustment shaft is self-locking...settings are virtually im-
mune to acceleration, vibration and shock.

TRIMPOT Potentiometers are fully tested:

All units are 100% inspected before shipment and are
checked by Bourns' exclusive Reliability Assurance Program
to assure you of reliable performance.

TRIMPOT Potentiometers are proven:

They are backed by over 17 years of engineering know-how
and have been specified and used in more military, indus-
trial or commercial equipment than any other leadscrew
potentiometer in the world!

REMEMBER—IF IT'S TRIMPOT, IT'S BOURNS

Only Bourns TRIMPOT Potentiometers Give You All Of These Outstanding Features

SPRING — Carriage spring provides positive
no-slip performance during rotation plus a
csli‘ablelldllng feature at mechanical limits
of travel.

LEADSCREW—Stainless steel
leadscrew is corrosion-
resistant.

WIPER — Gold-plated wiper carriage
and precious-metal wiper for low
noise, Carriage and wiper are
welded together.

SHAFT HEAD—Stainless steel
with machined slot for screw-
driver adjustment. Meets mili-
tary salt spray requirements.

0-RING—Silicone rubber O-ring seals poten-
tiometer against humidity, withstands high
temperature.

P
A

*3\**\\%\%‘«*\\«\\\*[ b]
) (2

SRR

SOLDER TERMINALS—Tinned
terminals are compact, yet
large enough for easy solder-
ing. Teflon-insulated leads and
printed circuit pins are also
available.

SILVERWELD® TERMINATION—This ex-
clusive Bourns feature is unequalled in
ruggedness. There is a metal-to-metal
bond from the terminal to the resist-
ance wire.

ELEMENT—Special ceramic element card for max-
imum reliability is precision wound with low-
temperature-coefficient resistance wire.

PICK-OFF—Precious-metal, positive-
°°(':;Ct pick-off assures wiper conti-
nuity.

SHAFT RETAINER—Shaft is
locked in place for top per-
formance under extreme shock,
vibration and acceleration.

SHAFT INSULATOR — High-dielec-
tric-strength, ceramic insulator
isolates shaft head from internal
circuits.

This cutaway of Mogdel 224 shows the typical high guality to be found in all Bourns TRIMPOT potentiometers, although some features may vary from model to model.
. d
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...longest record of reliability

TRIMPOT®
POTENTIOMETERS—~UNSEALED

General-Purpose Wirewound
Model 200. Max. temp. 105° C /
L, S, P terminals / 0.50 watt at
70°C / 10 ohms to 100K.

General-Purpose RESISTON®
Carbon Element Model 215. Max.
temp. 125°C / L, S, P terminals
/0.25 watt at 50°C /20K to 1 Meg.

High-Temperature Wirewound
Model 260. Max. temp. 175°C /
L, S, P terminals / 1.0 watt at
70°C / 10 ohms to 100K.

TRIMPOT
POTENTIOMETERS—
HUMIDITY PROOF

izt .\

General-Purpose RESISTON
Carbon Element Model 235. Max.
temp. 135°C / L, S, P terminals
/0.25 watt at 50°C /20K to 1 Meg.

General-Purpose Wirewound
Model 236. Max. temp. 135°C /
L, S, P terminals / 0.8 watt at
70°C / 10 ohms to 100K.

V RCRL AR, AR

Micro-Miniature High-Tempera-
ture Wirewound Model 3000.
Max. temp. 175°C / P terminals
/é)kS watt at 70°C / 50 ohms to
20K.

Micro-Miniature High-Tempera-
ture RESISTON Carbon Element
Model 3001. Max. temp. 150°C /
P terminals / 0.20 watt at 70°C
/ 20K to 1 Meg.

Sub-Miniature High-Tempera-
ture Wirewound Model 220. Max.
temp. 175°C / L, W terminals /
1.0 watt at 70°C / 10 ohms to
30K / Mil-Spec style RT10 and
meets MIL-R-27208A.

High-Temperature Wirewound
Model 224. Max. temp. 175°C /
L, S, P terminals / 1.0 watt at
70°C / 10 ohms to 100K / Mil-
Spec stgle RT12 and meets MIL-
R-27208A.

Ultra-Reliable High-Temperature
Wirewound Model 224-500. Max.
temp. 150°C / L, P terminals /
0.5 watt at 70°C / 100 ohms to
20K. Performance and reliability
statistically verified to customer.

High-Temperature, High-Resist-
ance RESISTON Carbon Element
Model 3051. Max. temp. 150°C
/ L, S, P terminals / 0.25 watt
at 50°C / 20K to 1 Meg / Mil-
Spec style RJ11 and meets MIL-
220978B.

High-Temperature High-Resist-
ance PALIRIUM® Film Element
Model 3052. Max. temp. 175°C
/ L, P terminals / 1.0 watt at
70°C / 10K to 1 Meg.

High-Temperature, Low-Resist-
ance PALIRIUM Element Model
3053. Max. temp. 175°C / L, P
terminals / 0.5 watt at 70°C / 2
ohms to 100 ohms.

High-Temperature Wirewound
Model 3010. Max. temp. 175°C
/L, Pterminals / 1.0 watt at
70°C / 10 ohms to 100K / Mil-
Spec style RT11 and meets MIL-
R-27208A.

High-Temperature RESISTON
Carbon Element Model 3011.
Max. temp. 150°C / L, P termi-
nals / 0.25 watt at 50°C / 20K
to 1 Meg / Mil-Spec style RJ11
and meets MIL-R-22097B.

High-Temperature High-Resist-

ance PALIRIUM Element Model

3012. Max. temp. 175°C / L, P

terminals / 1.0 watt at 70°C /

10K to 1 Meg.
e

i »

3%”-Square Wirewound Model
3280. Max. temp. 175°C / L, P,
W terminals / 1.0 watt at 70°C /
10 ohms to 50K.

f

Y

-

3;"-Square RESISTON Carbon
Element Model 3281. Max. temp.
150°C / L, P, W terminals / 0.5
watt at 50°C / 20K to 1 Meg.

4"-Square, High-Temperature
Wirewound Model 3250. Max.
temp. 175°C / L, P, W terminals
/ 1.0 watt at 70°C / 10 ohms to
50K / Mil-Spec style RT22 and
meets MIL-27208A.

" ‘/" v

14”-Square High-Temperature
RESISTON Carbon Element
Model 3251. Max. temp. 150°C /
L, P, W terminals / 0.50 watt at
50°C / 20K to 1 Meg / Mil-Spec
style RJ22 and meets MIL-R-
220978B.

BOURNS®
SINGLE-TURN
POTENTIOMETERS

Dgr 8

%,”-Diameter Micro-Miniature
High-Temperature Humidity-
Proof Wirewound Model 3300.
Max. temp. 175°C / P, S termi-
nals /0.5 watt at 70°C /50 ohms
to 20K.

aa @

%{,"-Diameter Micro-Miniature
High-Temperature Humidity-
Proof RESISTON Carbon Ele-
ment Model 3301. Max. temp.
150°C / P, S terminals / 0.25
watt at 70°C / 10K to 1 Meg.

£ &

Sub-Miniature Wirewound Model
3367. Max. temp. 105°C / P, S
terminals / 0.5 watt at 70°C / 10
ohms to 20K / meets steady-
state humidity.

Sub-Miniature RESISTON Car-
bon Element Model 3368. Max.
temp. 105°C / P, S terminals /
0.25 watt at 50°C / 20K to 1
Meg / meets steady-state hu-
midity.

LOW-COST
COMMERCIAL
POTENTIOMETERS

Wirewound TRIMIT® Potentiom-
eters Models 271, 273, 275. Max.
temp. 85°C / L, S, P terminals /
(2)65Kwatt at 25°C / 50 ohms to

RESISTALOY® Carbon Element
TRIMIT Models 272, 274, 276.
Max. temp. 85°C / L, S, P termi-
nals / 0.2 watt at 25°C / 20K to
1 Meg.

Wirewound E-Z-TRIM® Potenti-
ometer Model 3067. Max. temp.
85°C / S, P terminals / 0.5 watt
at 25°C / 100 ohms to 20K /
Priced under $1 in production
quantities.

Carbon Element E-Z-TRIM Poten-
tiometer Model 3068. Max. temp.
85°C / S, P terminals / 0.2 watt
at 25°C / 20K to 1 Meg.

SPECIAL-PURPOSE
POTENTIOMETERS

High-Power (2 watts) High-Tem-
perature Wirewound Model 207.
Max. temp. 175°C / L terminals
/ 2 watts at 50°C / 100 ohms to
100K. As Rheostat Model 208,
available 100K to 200K.

High-Power (5 watts) Humidity-
Proof Wirewound Model 3020.
Max. temp. 200°C / L terminals
/ 5.0 watts at 25°C / 100 ohms
to 50K.

Dual-Element Wirewound TWIN-
POT® Potentiometer Model 209.
Max. temp. 135°C / L terminals
/ 0.50 watt (each element) at
70°C / 10 ohms to 50K.

15 watts, High-Temperature
Wirewound Model 3030. Max.
temp. 265°C / L terminals / 15
watts at 25°C / 10 ohms to 10K.

Radiation - Resistant, High-Tem-
perature Wirewound Model
3040. Max. temp. 350°C / W ter-
minals / 5.0 watts at 70°C / 500
ohms to 20K.

PANEL-MOUNTED
POTENTIOMETERS

Most models are available with
panel mounting. Unique design
permits quick factory assembly
to ‘“‘on-the-shelf”” units. In addi-
tion, mounting screws, brackets
and clip brackets are available
to meet almost any mounting
requirement.

KEY TO TERMINAL TYPES

L=Insulated stranded leads

S=Solder lugs (includes panel-
mounting bushing on Mod-
els 3367S, 3368S, 3300S and
3301S only)

P=Printed-circuit pins

W=Uninsulated wires (edge-
mounting 3250, 3251, 3280
and 3281).

Write TODAY for detailed speci-
fications on any model in the
large BOURNS® Potentiometer
and TRIMPOT® Potentiometer
line AND a list of factory rep-
resentatives.

Remember—

Don’t MIL-SPECulate...
SPECify Bourns.

TRIMPOT is a registered
trademark of Bourns, Inc.

BOURNS. INC.. TRIMPOT DIVISION

1200 COLUMBIA AVE.. RIVERSIDE, CALIF.

PHONE 684.1700 +: TWX: 714.682 9583
CABLE: BOURNSING,

MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS; TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, I0WA; TORONTO, CANADA
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Choosing filter capacitors for
line-operated solid state equipment

Getting ripple down to a rock-bot-
tom minimum in a low voltage DC
power supply usually means using
as much capacitance as is practical.
Mallory Computer Grade capaci-
tors are an efficient and economical
answer. They were developed to
meet the reliability and perform-
ance requirements of computer
power supplies. This means that
they’re exceptionally stable; ex-
pected life at room temperature is
20 years or more. They have effi-
cient filtering performance.

o 2000 7
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=
£ 1500
o
<
<
G 1000
w 300 +
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o
€ 200
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(&)
o
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Iy
= I I
§ 50
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S
S )
3] 10,000 20,000 30,000 40,000 50,000 67,500
= HOURS

Typical data from 67,000 hour life test shows stability of electrical parameters of CG capacitors.
Values shown are for 1000 mfd, 50 volt capacitors.

Equivalent series resistance is low
—value for a 108,000 mfd, 10
WVDC unit is .018 ohms max.
Excellent capacity retention to
—40°C. Frequency characteristics
are such that excellent performance
is attained at higher harmonics.
You can get a lot of capacitance in
a single case; up to 200,000 mfd at
3 WVDC in the largest case size.
And best of all, CG’s give you the
most microfarad-volts per dollar.

When you need to miniaturize, in-

vestigate the Type TPG. It’s a
““miniature computer grade’’, made
to similar specifications. Case di-
ameter is 34", lengths 34" to 134"
Values range from 450 mfd 3
WVDC to 20 mfd 150 WVDC. A
single-ended version called VPG is
designed for vertical mounting.

Between these extremes, we have
expanded our FP line to include
higher capacity values in the lower
voltage ratings.

CIRCLE 105 ON READER SERVICE CARD

Power rheostats main-
tain contact pressure
in spite of overloads

A key design feature of Mallory
Type K heavy-duty power rheo-
stats is the patented hinged con-
tact arm. A spring, which is not
part of the current-carrying circuit,
maintains correct contact pressure
between the contact and the rheo-
stat winding. Should overloads oc-
cur, there is no danger of overheat-
ing of the spring and consequent
loss of contact pressure.

The hinged construction also makes
it easy to lift the contact arm for
inspection, cleaning or replacement
without affecting spring pressure.
The line of Mallory rheostats cov-
ers power ratings of 25, 50, 75, 100,
150, 225, 300 and 500 watts. In ad-
dition to standard linear taper.
Mallory rheostats can be supplied
on order in a variety of special tap-
ers to provide custom resistance-
rotation characteristics. In these
special tapers, resistance wires are
permanently joined in sections by a
welded splice which assures smooth
operationand long, trouble-freelife.
CIRCLE 106 ON READER SERVICE CARD
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DESIGNER’'S FILE

P. R. MALI.ORY & CO. INC.. INDIANAPOLIS, INDIANA 462086

Sealed microminiature
tantalum capacitors

The new type THD capacitors are
designed specifically for use with
integrated circuits when capacity
volume over uuf ratings are re-
quired. They are flat cylindrical
configurations, only 0.250” in di-
ameter and 0.031” or 0.063” thick,
the greater thickness being used in
the maximum capacitance values
for each voltage rating. This con-
struction gives high geometric effi-
ciency, and exceptionally high mfd-
volt values per unit volume.

The THD consists of a solid elec-
trolyte tantalum anode, housed in
an impervious ceramic ring, with
two metal end plates (positive and
negative) sealed to the ceramic
with high melting point solder.
The capacitor can be supplied
without leads . . . top and bottom
end plates serving as terminals. Or
it can be supplied with radial or
tangential ribbon leads.

These capacitors are designed to
meet the electrical requirements of
MIL-C-26655, Characteristic A.
Maximum DC leakage at 25°C is
0.02 microamps per mfd-volt or 1.0
microamp, whichever is greater;
at 85°C, maximum leakage is 10
times these values. Maximum dis-
sipation factor is 69, at 25°C.
Maximum capacitance is 15 mfd
at 6 volts, 8.2 mfd at 10 volts, 4.7
mfd at 15 volts, 2.7 mfd at 20 volts,
1.5 mfd at 35 volts, 1.0 mfd at 50
volts. Minimum capacitance at all
voltages is 0.047 mfd. Tempera-
ture range is —55°C to +85°C at
rated voltage, extends to +125°C
with voltage derated 33 9.

CIRCLE 107 ON READER SERVICE CARD
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Mallory Batteries maintain capacity
during years of storage

100 MERCURY

80
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YEARS STORAGE AT 70°F
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One of the most remarkable char-
acteristics of Mallory Mercury and
Mallory Alkaline Manganese Bat-
teries is their ability to withstand
extended periods of storage with-
out serious loss of capacity. This
property is useful in powering
products which often remain idle
for months but must function de-
pendably when the occasion arises

..such asemergency transmitters,
cameras, instruments and alarms.
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Internal construction of cylindrical Mallory
Mercury Cell.

Mallory Mercury Batteries, which
are designed for a wide range of
current drain service, have excep-
tional shelf stability. At normal
temperatures (21°C) their capacity
loss per year is in the order of a few
per cent. We have had cells in stor-
age for 12 years and more which
still show useful capacity. In con-
trast, the conventional zinc-carbon
Leclanche cell loses about 259, of
its capacity in two years at 21°C,
and at 45°C is dangerously de-
pleted in as little as 4 months.

The reason for this stability is that
the Mallory mercury system is in-
herently inactive when not being
discharged; and is, in effect, her-
metically sealed, preventing
evaporation of the electrolyte.

Mallory Alkaline Manganese Bat-
teries are surpasssed only by the
mercury system in shelf life. They
are completely reliable after two or
more years of storage. They are an
ideal heavy-duty power source,
since they can deliver relatively
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