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1309-A ... $325*

« 10 Hz to 100 kHz,

sine or square waves

« Distortion < 0.05%

e Output flat 4 2%

over entire range;

5-V open-circuit output

* 60-dB attenualor (20 dB /step)

1311-A .. . $225*

* 50 Hz to 10 kHz in

11 fixed steps

* Distortion < 0.5%

« 100-V open-circuit
output, 4 A short circuit

1310-A . . . $325*

* 2Hz to 2 MHz

« Distortion < 0.25% (even with
output shorted)

* 20-V open-circuit output

1313-A . . . $325*

« 10 Hz to 50 kHz in one range
* sine or square wave

« Distortion < 0.5%

* Output flat to 4 2% over
entire range; 5-V open-

circuit output.

+ 60-dB attenuator (20 dB /step)

*Prices apply only in U.S.A.
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function as
high-Q filters
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While oscillating, three of them can
function as tunable narrow-band filters
... hence they can be used at a variety of
frequencies to reduce fm and jitter.

They can also serve as frequency-selec-
tive amplifiers with a voltage gain of
greater than 100 and with effective rejec-
tion of noise and harmonics.

They can be locked to a frequency
standard for use as high-stability signal
sources at test stations. Or, they can be
used as frequency multipliers because
they can be locked onto a harmonic as
easily as they can be locked to a funda-
mental. They can also furnish sync signals
to other instruments.
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How can an oscillator do all this ? No big
secret . . . these RC oscillators are all
equipped with a handy ‘‘synchronizing
jack’ ... another GR first in oscillator
design. Put a signal in (1 volt will do) and
out comes the same frequency all cleaned
up and amplified; or take out the sync
signal and use it to trigger a counter or a
scope or even another GR RC oscillator.

One otherthing —they're great when used
as just oscillators.

GENERAL RADIO

W. Concord, Massachusetts 01781



A better
V-F Converter?

Look no
tarther.

Take this voltage-to-frequency converter, couple it with your electronic counter—
and you have a highly accurate, low-level integrating digital voltmeter with high
rejection of superimposed and common mode noise. Use it with a preset counter
and you can scale or normalize analog signals. Or integrate signals crossing zero
with a reversible counter. Use two converters for ratio.

The Hewlett-Packard 2212A is more accurate, stable and linear, faster responding,
smaller than any other V-F converter on the market. Input ranges down to 10 mV
for 100 kHz output. Bipolar response with polarity output. 120 dB common mode
rejection. And the 2212A is immediately available. Price, $995.

Call your local HP field engineer for complete specifications, or write Hewlett-
Packard, Palo Alto, California 94304; Europe: 54 Route des Acacias, Geneva.
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THE SWEEPER THAT THE USER DESIGNED

Snap. Snap!

One snap of the positive-locking rear handle and the RF module
plug-in is installed, ready to provide superior performance over the
frequency range your application requires.

Another snap and the full 13-inch frequency scale is in, giving you
highest resolution of the chosen frequency range.

These are just two examples of user-oriented design that went
into the Hewlett-Packard 8690 Series Sweep Oscillators to make
them unparalleled for convenience and ease of use. This plug-in
design results in an instrument only 83%-inches high, yet the front
panel is free from congestion. Push-button function selection and
logical grouping of controls and indicators permit simple,
straight-forward, error-free operation.

And for versatile performance to meet all your swept measurement
needs, there’s START/STOP, MARKER, and calibrated A F sweeps,
all of which offer highest accuracy, linearity and resolution.

Choose plug-in RF modules from 1 to 40 GHz and 0.1 to 110 MHz.
PIN diode modulation leveling is available from 1 to 12.4 GHz.
Model 8690 main frame is $1550, RF plug-ins start at $1575.
Price depends on modulation and frequency range.

For more information on the sweeper that's a snap to use,
call your local HP field engineer or write Hewlett-Packard, Palo Alto,
California 94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT PACKARD
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Readers Comment

Setting it straight

To the Editor:

Several errors crept into our ar-
ticle “An all-in-one process for
building junctions” [Nov. 13, p. 113]
during editing.

The main error was the impli-
cation that this article was intended
to describe vapor-phase growth in
general. Instead, it pertained only
to the approach used at RCA Lab-
oratories. In contrast, the most
widely used growth technique em-
ploys AsCl;, which is a liquid and
not a gaseous reagent. And typi-
cally, p-n junctions are not in-
troduced during the continuous
growth process.

Another error was made in call-
ing autodoping “the diffusion of
dopants from one portion of the
device to another.” In the vapor-
phase growth of GaAs, autodoping
typically is caused by transport of
impurities through the gas stream,
and not by diffusion.

Leonard R. Weisberg
James J. Tietjen
RCA Laboratories
Princeton, N.J.

® There was a typographical error
in the brightness value achieved
with the light emitting diode in
which BcA’s vapor phase process
was used to provide a phosphorus-
rich layer. Instead of 135 foot-lam-
berts, the brightness should have
been given as 315 foot-lamberts.

Attainable goal

To the Editor:

I would like to comment on the
story “Tape recorder snags space
data link” [Oct. 2, p. 26]. The Ad-
vanced Space-Ground Link Sub-
system program was actually let for
bids three times. Responsive bids
are believed to have come from at
least three companies.

One thing is certain. Orion Prod-
ucts Co. did submit a proposal for
the 20-megabit-per-second tape re-
corder. In fact, we offered 24 mega-
bits. Industry certainly must yield
to the decision of contracting of-
fices with regard to the appropri-
ateness of a need. However, I

Electronics | December 25, 1967
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Tracks down envelope delay...

Jndetected envelope (or group) delay can easily derail a digital
lata transmission. Bit-by-bit that pristine formation crumples.
Jown the line, someone ends up with a mess instead of a message.
lo keep the data train properly coupled, you need precise infor-
nation about phase-shift-versus-frequency characteristics of your
carrier. The kind of information you can get express from a Sierra
Model 340B Envelope Delay Test Set.

Model 340B pinpoints relative delay to =20,000 usec on a big,
direct single-range digital counter. Resolves it to 1.0 usec. On a
second digital counter, it displays frequency with 10-Hz resolution.
Range of 300 Hz to 110 kHz spans voice channel through group
frequencies. Measurement modes include end-to-end, loop-back,
or end-to-end with return reference path.

Modulation frequency of 25 Hz, usable over full range, resolves
fine-grain deviations separated by as little as 50 Hz. Alternative
250-Hz modulation resolves delay to 0.1 usec. Price, with one
modulation frequency, $4,750.

Ask for more data, and watch us pour on the coal. Write Sierra,
3885 Bohannon Drive, Menlo Park, California 94025.
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clears the track for
digital data wave trains

PHILCO

PHILCO-FORD CORPORATION
Sierra Electronic Operation
Menlo Park, California « S4025

Circle 5 on reader service card




Now you can mea-
sure in-band distor-
tion products down to
70 db below peak lev-
els, with the new
Panoramic Model
SSB-50-1 Spectrum
Analyzer.

And, you get this
wider dynamic range
with uniform 5 pv
sensitivity from 2
MHz to 40 MHz; us-
able to beyond 200
MHz at reduced sensi-
tivity.

| SPECIRUM AR 2R MDD WY

2-tone IM distortion test: Freq. scale of
700 Hz/div. Tone spacing of 1750 Hz.
Both tones deflected 30 db over full-scale
log. 3rd order distortion pips visible at
-70 db and approx. =73 db.

The system’s high stability permits 10 Hz resolu-
tion, with steep skirt selectivity, over the full fre-

quency range.

Panoramic Model SSB-50-1

WNGER g e

pRpecees

Spectrum Analyzer
performance
in SSB measurement

An image and spurious free up-converter extends
the frequency range to 10 Hz and provides unambig-
uous display of audio, base-band or IF signals. A low-
distortion 2-tone audio signal generator supplies mod-
ulating signals to equipment under test.

The highly linear response of the completely solid-
state Panoramic SSB-50-1 makes it ideal for monitor-
ing and dynamically analyzing odd- or even-order
AF/RF components of narrow-band SSB, AM, FM,
and multiplexed FSK signals. Its versatility is also
increased by the capability to accept other Panoramic
plug-in modules for special-purpose measurements.

Call or write, today, for a demonstration or com-
plete technical data.

SINGER

PANORAMIC « EMC » EMPIRE » GERTSCH » SEnsITIVE ReseARcH  INSTRUMENTATION

THE SINGER COMPANY, METRICS DIVISION e 915 Pembroke Street, Bridgeport, Conn. 06608, U.S.A. e Phone (203) 366-3201 ¢ TWX 710-4533483



should like to emphasize the fact
that 20-megabit capabilities do
exist within industry.

As a matter of fact, the approach
Orion suggested was based upon
three technologies of which you
may not be aware.

s Instrumentation adaptations of
the Newell concept are being de-
veloped. Orion is prepared to dem-
onstrate longitudinal tape speeds
in excess of 1,000 inches per second.

= Longitudinal pulse-code-mod-
ulation bit-packing densities of
24,000 bit per inch and 1/107 re-
liability have been developed, dem-
onstrated, and reported to the de-
fense community by Orion.

= Magnetic-head technology ap-
propriate for the exploitation of the
above two concepts has been de-
veloped and evaluated.

Combining the above three pro-
vides the key to 20-megabit rates
and more, Although I have no
knowledge of the priority the Gov-
ernment places upon attaining
goals such as these, I do wish to
state that this goal can be reached.

Jack K. Willis
President
Orion Products Co.
Sunnyvale, Calif.

Credit is due

To the Editor:

The research reported in “Pro-
gramable logic arrays—cheaper by
the millions” [Dec. 11, p. 90] was
sponsored in part by, but does not
necessarily constitute the opinion
of, the Air Force Cambridge Re-
search Laboratories, Office of Aero-
space Research, under contract AF
19(628)-5828.

Also the reference to cellular
logic, included in the article as

background, should have been

credited to Stanford Research In-

stitute, not Stanford University.
Sven E. Wahlstrom

Computer Techniques Laboratory

Stanford Research Institute

Menlo Park, Calif.

Two of a kind

To the Editor:

On page 26 of your Nov. 27 is-
sue, you report that a “mechanic-
ally despun antenna, developed at
Hughes, was first flown this month
on the Applications Technology
Satellite 3, and one is being devel-
oped by Sylvania for Comsat’s
Intelsat 3 satellite that is scheduled
to be launched next year.”

Actually, the ats 3 and Intelsat 3
antennas are both Sylvania devel-
opments.

James J. Lanigan
Sylvania Electronic Systems
Waltham, Mass.

Wrong order

To the Editor:

The article “Picture looks
brighter for computer displays,”
[Oct. 16, p. 165] contains one mis-
interpretation.

Although the two airline seat re-
servation systems currently in pre-
paration (by Burroughs for Trans
World Airlines and by Univac for
United Airlines) will indeed use
large numbers of alphanumeric dis-
plays, as your story indicates, it is
our understanding that the two
computer makers plan to build the
units themselves. They have not
placed any order for such equip-
ment with the Conrac Corp.

Albert L. Landsperger
Conrac Corp.
New York

Please include an Electronics Magazine address
l label to insure prompt service whenever you
write us about your subscription.

Mail to: Fulfillment Manager

CHANGE OF ADDRESS
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I To subscribe mail this form with your payment
and check [] new subscription [J renew my | name
| present subscription
I Subscription rates: qualified subscribers in the | address
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Make your
oscilloscope
display linear
indb

with thenew
120db
ultra-fast

LOGARITHMIC
CONVERTER

This new logarithmic converter
provides two unique features: The
120 db dynamic range (one-mil-
lion-to-one) allows full coverage of
virtually any phenomena in a single
range. The microsecond response
of the PM 1002 makes it the first
logarithmic converter fast enough
to work with oscilloscopes, inte-
grating digital voltmeters or high
speed graphic recorders.

Small, solid state, rugged, and drift
free, the PM 1002 is invaluable for
all types of ratio measurements
and for appli- .
cations where |
dynamicrange
is unknown.

Let us prove it
—write or call

$660.00

PACIFIC
MEASUREMENTS
INCORPORATED

940 INDUSTRIAL AVENUE,
PALO ALTO, CALIFORNIA
(415) 328-0300
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ethode

> PRINTED
CIRCUIT
CONNECTORS

RELIABLE...VERSATILE...

Methode offers the variety of
contact designs, styles and
sizes to meet every electronic
requirement...sensible prices,
with deliveries keyed to critical
production schedules. Whether
your needs are of a military or
commerpilal natxlxre, standard |
or special . .. always specify
Methode! o pe *fy |

Write for illus-
trated catalog with |
full engineering |
specifications.

o
o
H

annector Division

‘u ethode Electronics, Inc.
, 7447 W. Wilson Ave. |
| Chicago, lllinois 60656 - 312/867-9600 |
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People

Five or six years may elapse be-
tween development of a theory and
its application, “and it’s time to nar-
row the gap,”
says O. Hugo
Schuck, new
director of the
Office of Con-
trol Theory and
Application at
NAsA’s Elec-
tronics Research
Center, Cam-
bridge, Mass.

Why the gap? “Engineering edu-
cation is too theoretical, research
could be better directed, and
theory already on hand too often
gathers dust,” Schuck feels. He
began thinking about the “applica-
tion gap” while director of research
at Honeywell Inc. and became con-
scious of some of its causes while
serving as a visiting professor of
aeronautics and astronautics at
Stanford University last year.
Schuck, who is president of the
American Automatic Control Coun-
cil, notes that “control engineers
are among the most restive and
articulate” about the gap.

At ~asa, Schuck will try to nar-
row the gap. He wants industry,
schools, and Government agencies
to allow experienced, promising
engineers time for a sabbatical at
the space center, where they could
absorb the agency’s rarefied theory
and, hopefully, apply it to down-
to-earth problems. Since the center
is just across the street from the
Massachusetts Institute of Tech-
nology, the sabbatical could also
include an opportunity for gradu-
ate study.

Schuck hopes this exposure will
help bridge the applications gap
and cites as an example the pos-
sible use of fluidics in simple auto-
pilots for light planes. “Flight con-
trol in general could profit by
studying NAsA’s techniques of guid-
ance and trajectory analysis,” he
says.

Schuck feels that “many of the
engineers were turning out today
are literally afraid to get their
hands dirty—it's time we erased
the idea that ‘youre safe as long
as you stay on paper.” ” Instead of

0. Hugo Schuck

Electronics | December 25, 1967



AT VOA-GREENVILLE,N.C.,
MACHLETT ML-7482
VAPOR GOOLED
TRANSMITTING TUBES
HAVE JUST LOGGED
645,000 HOURS.

Where dependable, high power counts —
as at the Voice of America’s 4.8
megawatt Greenville, N. C., relay station—
specify Machlett transmitting tubes.

Available now: the new short form
catalog from The Machlett Laboratorles
Inc., 1063 Hope Street, Stamford, E
Conn 06907.

THE MACHLETT LABORATORIES, INC.
A SUBSIDIARY OF RAYTHEON COMPANY
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Sprague delivers Tape Cores

Our Tape Cores come in
thirty sizes from %/s to

6 inch O.D., offer a choice
of core materials, and
have standard phenolic
or hermetically-sealed
epoxy-coated aluminum
cases. Most are available
for off-the-shelf delivery.
Shouldn’t you wind up
with Sprague?

For complete technical data, write for Bulletin Series 51000
to Technical Literature Service, Sprague Electric Company,
35 Marshall Street, North Adams, Massachusetts 01247

SPRAGUE COMPONENTS

®
MAGNETIC COMPONENTS INTERFERENCE FILTERS
CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS PULSE TRANSFORMERS THE MARK F RELIABILITY
THIN-FILM MICROCIRCUITS CERAMIC-BASE PRINTED NETWORKS o
INTEGRATED CIRCUITS PULSE-FORMING NETWORKS | E——

Sprague’ and ‘(@' are registered trademarks of the Spragus Electric Co.

4ssC-7130
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People

learning only theory, engineers
should be taught to apply it, he
says.

In the two years that the Monsanto
Co. has been in the electronic in-
strument field, it has concentrated
on digital read-

out gear, such
as counter-tim-
ers and digital
voltmeters.
With the nam-
ing of Philip
Emile as head
of a new special W0 g
development Philip Emile
group within its Electronics Tech-
nical Center, Monsanto plans to
broaden its product base.

Emile declines to be specific
about the new products he is con-
sidering, but it’s likely, consider-
ing his background, that they’ll be
in the display and high-speed
measuring field.

Before joining Monsanto, the 33-
year-old Emile was supervisor of
nanosecond engineering at General
Applied Science Laboratory Inc.
of Westbury, N.Y. His background
also includes extensive work on
oscilloscopes.

Operating principle. His basic
task, explains Emile, is to screen
out those one-time development
projects from Government and in-
dustry contracts, find a unique
technique developed for them, and
try to apply this technique to a
new product.

The new group is already carry-
ing out this principle. It is devel-
oping a special instrumentation
system for the Atomic Energy Com-
mission. The immediate fallout for a
possible new product is a device
that can slow down any high-speed,
single-shot phenomena for process-
ing by a remote display and record-
ing facility.

“What’s unique about our
work,” he explains, “is that our
system does it (the processing) at
lower frequencies than previously
possible.”

Another item of major interest to
Emile, recently under extensive
study at Monsanto, is light-emitt-
ing diodes, for either digital or
analog displays.

Electronics | December 25, 1967



140

120

S B e et B B S SRR N

e

TEMPERATURE/CURRENT CHARACTERISTICS
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AMBIENT TEMPERATURE, °C.

Sorensen DCR Series now with temperature capability to 71°C,

orensen Wide Range
Power Supplies

to 20 kW.

Sorensen's wide range DCR Series has been up-dated and
improved. What's new about the DCR's2 They are now 100%
silicon; ambient temperature capability is now to 71°C. «
Four 3-phase models have been added extending power
capability to 20 kW ; 24 models are now available with ranges
up to 300 volts. « Multiple mode programming—voltage/
current/resistance. « Voltage regulation, line and load com-
bined, is #.075% for most models « Constant current range
0 to rated current. » DCR's meet MIL-1-26600 and MIL-1-4181

specifications and conform to proposed NEMA standards. *
Front panel indicator for voltage/current crossover. These
features of the improved DCR (model numbers will have an
“A" suffix) are offered at no increase in price. For DCR details,
or for data on other standard /custom power supplies, AC line
regulators or frequency changers, call your local Sorensen
rep, or write: Raytheon Co., Sorensen Operation, Richards
Avenue, Norwalk, Connecticut 06856. Tel: 203-838-4571.

MODEL SELECTION CHART
Voltage Amps. Model Price | Amps. Model _Price | Amps. Model Price Amps. Model Price
0- 20 125 DCR 20- 125A $1140 250 DCR 20- 250A $1550 - - - - - -
0- 40 10 DCR 40- 10A 360 20 DCR 40- 20A 550 35 DCR 40- 35A % 750 60 DCR 40-60A $ 915
0- 40 125 DCR 40- 125A 1390 125 DCR 40- 250A "~ 2290 500 DCR 40-500A 3750 - - -
0- 60 13 DCR 60- 13A 525 25 DCR 60- 25A 850 40 DCR 60- 40A 990 - - -
0- 80 5 DCR 80- 5A 360 10 DCR 80- 10A 580 18 DCR 80- 18A 850 30 DCR 80-30A 925
0-150 2.5 DCR 150- 2.5A 360 5 DCR150- 5A 580 10 DCR 150- 10A 830 15 DCR 150-15A 890
0-300 1.25 DCR 300-1.25A 390 2.5 DCR 300- 2.5A 580 5 DCR 300- 5A 795 8 DCR 300- 8A 890
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New DM7501 dual JK
lip flop used as a TTL shift
egister for an 8-bit word.

Monolithic.

Hermetically sealed.

SN5473 equivalent.

Price: $8.80 (100-999),
54.00 for commercial DM-
3501 (SN7473 equivalent).

Immediate delivery.

Circle Number 481.

adrairairet

INPUT GATING

New DM7800 dual voltage
translator to change bi-polar
logic voltage levels to MOS
logic voltage levels.

Monolithic.

Gated inputs.

Input voltage levels DTL-
and TTL-compatible.

Output levels variable be-
tween +25V and —25V.

Price: $15.00 (100-999),
$10.00 for commercial DM-
8800.

Immediate delivery.
Circle Number 482 .

New dual 100-bit dynamic
shift register stores one hun-
dred 8-bit words at 15¢ per
bit in electronic “drum”
memories.

1 MHz operation.

Price (100-999): $60.00;
MM406 full temp, $30.00;
MM506 commercial.

Immediate delivery.

Circle Number 483.

Data sheets, a list of dis-
tributors and a picture post-
card of Niagara Falls are
yours for the circling.

Or write: National Semi-
conductor Corporation
2975 San Ysidro Way
Santa Clara, Calif. 95051

National Semiconductor




There always has to be a winner—and
when it comes to all-purpose sweep signal
generators, the Jerrold Model 900-C is a
shoo-in.

Measure a narrow band circuit (sweep-
width down to 10 kHz) or check the entire
coverage of broad band units such as mix-
ers, amplifiers, or filters (sweepwidths up
to 400 MHz). Design, test or measure a
variety of VHF, UHF, narrow and wide band
devices in the frequency range 500 kHz to
1200 MHz...and do it with incomparable
ease and accuracy. Here is convenience
only an all-purpose sweeper can provide.

The 900-C and ultra-reliable Measure-
ment-by-Comparison techniques permit ac-
curate and simple measurement of gain,
loss, and VSWR. You can disregard vari-
ables such as nonlinearity of detectors, os-
cilloscope drift, and line voltage variations.

f you need more convincing, send for
complete data—or contact us for a demon-
stration. Write Government and Industrial
Division, Jerrold Electronics Corporation,
401 Walnut St., Philadelphia, Pa. 19105.

clean,

sweep?

IN TEST,
MEASUREMENT,
AND
DESIGN

“’o‘" .
2 Py e
b s
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Meetings

Meeting of the National Society of
Professional Engineers, Shoreham
Hotel, Washington, Jan. 9-13.

Symposium on Reliability, |IEEE;
Sheraton-Boston Hotel, Boston,
Jan. 16-18.

Power Meeting, IEEE; Statler-Hilton
Hotel, New York, Jan. 28-Feb. 2.

Defense Contract Administration
Service, American Society for Quality
Control; Jack Tar Hotel, Clearwater,
Fla., Feb. 10.

Aerospace and Electronic Systems
Convention, |IEEE; International Hotel,
Los Angeles, Feb, 13-15,

International Solid-State Circuits
Conference, IEEE; Sheraton Hotel,
Philadelphia, Feb. 14-16.*

Scintillation and Semiconductor
Counter Symposium, IEEE; Shoreham
Hotel, Washington, Feb. 28-March 1.

International Convention and
Exhibition, IEEE; New York Coliseum
and New York Hilton Hotel,

New York, March 18-21.

Symposium on Microwave Power,
International Microwave Power
Institute; Statler Hilton Hotel,
New York, March 21-23.

Joint Railroad Conference, |EEE;
Conrad Hilton Hotel, Chicago,
March 27-28.

International Magnetics Conference,

|EEE; Sheraton Park Hotel, Washington,

April 3-5,

Business Aircraft Meeting and
Engineering Display, Society of
Automotive Engineers; Broadview
Hotel, Wichita, Kan., April 3-5.

Telemetering Conference, |EEE;
Shamrock Hilton Hotel, Houston,
April 9-11.

International Pulse Symposium,
International Federation of Automatic
Control; Budapest, Hungary,

April 9-11.

Symposium on Law Enforcement
Science and Technology, IIT Research
Institute; Chicago, April 16-18.

Southwestern Conference and
Exhibition, IEEE; Sheraton Lincoln
Hotel, Houston, April 17-19.

Frequency Control Symposium, U.S.
Army Electronics Command; Shelburne
Hotel, Atlantic City, N.J., April 22-24.

Region 11l Meeting, IEEE; Fontainebleau
Motor Hotel, New Orleans, April 22-24.

Relay Conference, National Association
of Relay Manufacturers and School of
Electrical Engineering, Oklahoma State
University; Stillwater, Okla., April 23-24.

Short Courses

ECAP workshop, University of Wiscon-
sin’s College of Engineering, Madison,
Wis., Jan. 25-26; $65 fee.

Lasers and their engineering applica-
tions, University of California’s College
of Engineering, Berkeley, Calif.,

Feb. 26-March 1; $250 fee.

Computer-aided instruction, The Amer-
ican University's Center for Technology
and Administration, Washington,

April 1-4; $175 fee.

Call for papers

Seminar in Depth on Modulation Trans-
fer Function, Society of Photo-Optical
Instrumentation Engineers; Boston,
March 21-22. Jan. 1 is deadline for sub-
mission of abstracts to Modulation
Transfer Function Seminar Committee,
Society of Photo-Optical Instrumenta-
tion Engineers, P.0. Box 288, Redondo
Beach, Calif. 90277

Symposium and Equipment Exhibit,
Southwest Section of the American Vac-
uum Society; Los Angeles, May 1-3.
Jan. 1 is deadline for submission of
abstracts to chairman of Technical Pro-
gram Committee, George R. Neff, tech-
nical director, Ardel Corp., 619 Justin
Ave., Glendale, Calif. 91201

Conference on Nuclear and Space Radi-
ation Effects, |EEE; Missoula, Mont.,
July 15-18. March 1 is deadline for sub-
mission of summaries to Robert S.
Caldwell, 23-72, Radiation Effects Labo-
ratory, Boeing Co., Aerospace Group,
P.O. Box 3707, Seattle, Wash. 98124

* Meeting preview on page 16.
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The Fluke 891A and AR are the first low cost solid state differential voltmeters with an 1100 volt reference which
srovides infinite input resistance at null. In the TVM model with 100 megohms input resistance, you can get the
advantage of low source loading just as you can with older Fluke vacuum tube differentials. O Differential accuracy
>f the Fluke 891A is ==(0.01% - 0.001% of range + 10 nv). Ten percent overranging is featured. Reference regula-

ion is the best on the market. Reference stability is 15 ppm/hr. Grounded recorder output can be added at any
ime for $50. Price of either model is $695. O For complete details and a demonstration, call your full service Fluke
sales engineer (listed in EEM) or write us for full information.

‘,; Now,the low cost differential
| voltieter with infinite/input
\résistance at null to 11Q0 Molts,
\ thelnew Fluke 891A -and

1 89TAR. TVM input résiStafice
,‘;':Ls 100 megohms. Ordér in half

| "‘-"-.(jr fﬂll rack models.

®
(8145 30 DIFERENT I LA

\/"y i "; 7 ’ , 8

" Fluk M;ox 742&; Seame, washmgtou 98131 V(zos)ma ,
L A @ope Address) Fﬁjk Int a‘llo al
11 v Ledqbtﬁr rml 7,1T ur
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Now you can stock 1700
transformers in your desk.

for quick delivery.

The TRIAD catalog and a phone gives you instant access to the largest
stock of standard transformers available. Your TRIAD distributor can give
you prompt service on over 1700 standard off-the-shelf items. He also
has the resources and the skill to help on many of your transformer,
inductor and filter problems. Ask him for the TRIAD catalog without delay.
On your desk, it deserves as important a place as your phone. TRIAD
Distributor Division, 305 North Briant St., Huntington, Indiana 46750.

Tt islor i
of Litton Industries (83
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Meeting preview

International outlook

In past years, the U.S. has dom-
inated the International Solid State
Circuits Conference. This year,
though, when the three-day con-
ference opens in Philadelphia, Feb.
14, the foreign engineering com-
munity will be presenting 15 of the
more than 70 papers.

They will come particularly from
Holland, Japan, West Germany, and
Great Britain. Foreign engineers
will also make up one-quarter of
the panelists.

The conference will focus atten-
tion on practical applications of lin-
ear integrated circuits, particularly
in consumer products. J. C. van Ves-
sem, of Holland’s NV Philips Gloeil-
ampenfabrieken will deliver a pa-
per on the future of these circuits
in such applications, stressing cost
factors. And a panel will discuss
how 1c’s can be used more exten-
sively in television receivers.

Another consumer topic will be
covered in a paper by Alberto Bi-
lotti, an engineer at the Sprague
Electric Co., North Adams, Mass.
Bilotti will describe a monolithic
analog multiplier and its applica-
tions as a balanced f-m detector,
as a frequency discriminator for au-
tomatic frequency control, and as
a synchronous detector for color-
television demodulation.

Rudolph S. Engelbrecht, head of
the microwave 1c department at
Bell Telephone Laboratories, will
present a paper on combining semi-
conductor bulk phenomena in sin-
gle structures.

In addition, the conference will
cover other microwave topics: con-
trol techniques, phased arrays, and
signal generation. Also to be dis-
cussed is the practical use of micro-
wave IC subsystems, including X-
and Ku-band receivers, transceiv-
ers, and front-end circuitry.

Among the new devices to be
described are a temperature-com-
pensated 1c oscillator, a low-voltage
breakdown diode element for 1c’s,
and a high-power Gunn-effect os-
cillator. The conference will also
cover high-power voltage regula-
tors, germanium picosecond logic
circuits, and metal oxide semicon-
ductor Hall-effect devices.
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to offer you harmonic distortion measurements
5 cps to 600 kc with 0.1% full-scale distortion
sensitivity. .. plus these features:

"AUTOMATIC NULLING" for simple,
fast measurements

0.3 v rms input sensitivity for
100% Set Level reference

300 «v rms voltmeter full-scale
sensitivity (residual noise <25 uv)

Solid-state design in four Hewlett-Packard distortion
analyzers offers you extended frequency range,
greater Set Level sensitivity, improved selectivity,
greater overall accuracy, unprecedented ease of use.
All four measure total distortion down to 0.1% full
scale, 5 cps to 600 ke, with harmonics indicated to
3 mc. They measure voltage 300 uv to 300 v full
scale, have flat frequency response 5 cps to 3 mc.
Distortion analyzer and voltmeter input terminals are
the same. One-megohm input impedance. Floating
input and floating, low-distortion output for scope or
true rms voltmeter monitoring.

Two models feature automatic fundamental nul-
ling (>80 db rejection): Manually null to less than
10% of the Set Level reference, flip a switch, and
nulling is completed automatically. No more tedious
tuning on the more sensitive ranges! Two other
models employ high reduction gear drive to aid man-
ual tuning.

Electronics | December 25, 1967

Two of the analyzers provide a switchable high-
pass filter which attenuates frequencies below 400
cps on signals greater than 1 kc...removes hum
and gives you pure distortion measurements.

Two models incorporate an amplitude modulation
detector that covers 500 kc to greater than 65 mc,
measures distortion at carrier levels as low as 1 v.
Options include an indicating meter with VU ballistic
characteristics (01) and rear terminals in parallel with
front input terminals (02).

Ask your Hewlett-Packard field engineer for a dem-
onstration of the model incorporating features most
useful to your application. Or write for technical data
on all four models to Hewlett-Packard, Palo Alto, Calif.
94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

Automatic Gear
Fundamental High-Pass AM Reduction
Model Nulling Filter Detector Tuning Price
331A \'% $625
332A Vv \% $655
333A Vv Vv $825
334A v " ' $855

421R

l

An extra measure of quality

HEWLETT @7 PACKARD
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“Compac”, a New Silicon Bridge Rectifier...

Semtech Corporation offers “Compac,” a new silicon rectifier bridge offering packaging versa-
tility. The units are available in a complete range of single phase and three-phase fullwave
bridge rectifiers. [] = o —— Semtech’s Suprataxial silicon junctions are
used for maximum reliability. [] Single phase Bridges: 1.5 A, 50 to 1000 V — 360 mA, 1500
to 3000 V. Case size is .187 x .425 x .625 inches. Also available in Fast Recovery Bridges
with reverse recovery of 150 ns or 1usec. Three-phase Full-wave Bridges: 2.0 A, 50 to 1000 V
— 500 mA, 1500 to 3000 V. Case size is .187 x .425 x 1.00 inches.

“GOMPACG”

for packaging versatility

Immediate delivery . . . contact your local representative.

SEMTECH 4 // CORPORATION

Western Offices: 652 Mitchell Rd., Newbury Park, California. 91320 (805) 498-2111/from L.A. (213) 628-5392 TWX: 910-336-1264
Central: 140 No. La Grange Rd., La Grange, lllinois, 60525 (312) 352-3227 TWX: 910-683-1896
Eastern: 116-55 Queens Blvd., Forest Hills, N.Y., 11375 (212) 263-3115 TWX: 710-582-2959
European Sales: Bournes AG, Alpenstrasse 1, Zug, Switzerland (042) 4 82 72/73
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Buy Amphenol crimp contacts by the reel
and save two ways

On purchase price. Cost per contact of Amphenol
crimp Poke-Home® contacts is reduced substantially
because it costs us less to produce them in large
quantities and ship them on reels.

In production, too. Costs are reduced through fast
and reliable wire terminations (400 an hour with our
manual crimping tool, 600-800 an hour with our auto-
matic hand-held or bench-mounted tool). Save time
with dependable, visual inspections, too.

Contacts to four major specifications available:

MIL-C-26636 (MIL-C-26500 & 26518 connectors)
MIL-C-39029 (MIL-C-5015 connectors)
MIL-C-23216 (MIL-C-81511 & 26482 connectors)

Call Amphenol Connector Division for bulk contact

pricing. (312) 261-2000. 2801 South 25th Avenue,
Broadview, Illinois 60153.

@ AMPHENOL

Specify Amphenol . . . the leading name in cable, connectors,
assemblies, RF switches, potentiometers, motors, microelectronics.
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Get supermarket savings
on DC power supplies
by shopping at NJE.

You save 2 ways by shopping at no time wasted shopping around order various models on a

NJE for your DC power supplies. for the right power supply, deferred delivery basis.

First, you save time. NJE or waiting on slow delivery. For complete details on
offers you 310 off-the-shelf Second, you save cash. NJE supermarket savings on all 310
models, including lab rack, offers you substantial volume NJE DC power supplies, write
Varack, ¥z rack, full rack and discounts and you're eligible for or call for your copy of

bench mounted units. There's these savings even when you “Power Supplies Unlimited.”

Nl J E CORPORATION

A Kenilworth, New Jersey 07033 / (201) 272-6000
A SUBSIDIARY OF | CONDEC} ' CORPORATION TELEFAX: FFP * TWX: (710) 996-5967

322
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About sales and sales people. About service and delivery dead-
lines. About quality you can depend on. About new products
to meet new requirements before the need becomes an emer-
gency. For example, our relays and pressure switches have
been solving industrial problems for 20 years...ranging from
small manufacturing operations to the national space program.

Whether you need a component replacement today, or a
specially-designed unit to meet a future need, count on us. We
specialize in having solutions on hand before problems arise.

And if you're tired of promises unkept and delivery dates
unmet, we invite you to investigate the production and service
facilities of Cook Electric. You'll find it's good business. With
us, performance comes before promise.

COOK

ELECTRIC

AUTOMATIC CONTROLS DIVISION
200 E. DANIELS ROAD e PALATINE, ILLINOIS 60067 * 312—359-2100

Electronics | December 25, 1967 Circle 21 on reader service card 21




All time winner,
Move over-

Vg the new PDP-8/1
computer is here

The integrated circuit PDP-8/I is a brand new computer,
but behind it are the two most successful small computers
ever built. Over 1,000 PDP-8 systems are already installed
— an all time high for real-time, on-line small general pur-
pose machines. Nearly 1,000 PDP-8/S computers are
installed — all sold and delivered within the last 15
months. Built into instrumentation. On-line in process
control.

So, PDP-8/I starts with a history and goes on from there.
It has all the features of the PDP-8 plus a new ease of
interfacing, expanded software and new options. It is
more compact. PDP-8/I has a faster multiply-divide option
(multiply 6.0, divide 6.5 microseconds). Its standard 1.5
microsecond 4K core memory expands to 32K (first extra
4K plugs into the basic configuration without further inter-
facing). PDP-8/| comes as a stand-alone console or
mounted in a standard 19-inch rack. The processor is pre-
wired so that it will accommodate a high-speed paper
tape reader and punch, a 100 card-per-minute reader,

an incremental plotter, and a scope display also without
further interface.

And software. The same proven software that runs the
PDP-8, drives the PDP-8/l. Auto-indexing. MACRO.
FORTRAN. On-line editing and debugging. But that is
not all. New systems software is available which takes full
advantage of 32K or more of DECdisk or DECtape
memory. Thousands of the most active computer users in
the world exchange PDP-8 programs and techniques.
Peripherals that go with the PDP-8 and PDP-8/S go with
the PDP-8/I. Hundreds of logic-compatible modules make
interfacing easy. Peripherals are field-installed by an
applications engineering and field service group second
to none.

And the crusher. PDP-8/I sells for $12,800 including Tele-
type. Quantity discounts reduce that price. Deliveries in
the spring. PDP-8 and PDP-8/S available now. Write for
brochure. We'll throw in our new Small Computer Hand-
book free.

dlilgliltlal!

COMPUTERS - MODULES

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897:8821  Cambridge, Mass. « New Haven - Washington, D.C. -
Parsippany, N.J. « Princeton, N.J. « Rochester, N.Y. « Long Island, N.Y. « Philadelphia « Huntsville « Pittsburgh « Chicago + Denver « Ann Arbor + Houston «
Albuquerque * Los Angeles + Palo Alto - Seattle «+ Carleton Place and Toronto, Ont. « Montreal, Quebec + Reading and Manchester, England « Paris, France

» Munich and Cologne, Germany « Oslo, Norway « Stockholm, Sweden «

Sydney and West Perth, Australia «+ Modules distributed also through Allied Radio
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Commentary

Clouded crystal ball

Not in recent times has predicting markets for a
year just ahead been so difficult. Both inside the
United States and abroad, forecasters are walk-
ing on eggs. In the U.S. there are at least four
imponderables, any one of which might change
the prospects for 1968 drastically:

= Will President Johnson get his tax increase?
How much and when? What effect will it have
on buying of consumer electronics products?

» Will the fighting in Vietnam be escalated,
de-escalated, or ended? What effect will any of
these actions have on purchases of military air-
craft with their complex electronic packages,
battle communications equipment, surveillance
radars, countermeasures gear, or night vision sys-
tems?

» What actions will Congress take because
1968 is an election year? Traditionally, Congress-
men become particularly attuned to the mood of
the public in a presidential election year and are
likely to avoid unpopular measures and to ap-
prove big spending projects.

= What's in store for the U.S. economy in 1968?
Some economists are worried about the round of
price and wage increases that are contributing to
an inflationary spiral as 1967 ends. Many elec-
tronics companies—particularly those that make
components for consumer equipment or semi-
conductors—already have excess capacity. With
exceptionally heavy overhead costs, they can’t
absorb very many higher costs without seriously
impairing profits, which were disappointing for
many of these companies in 1967.

In Europe, which we analyze in detail start-
ing on page 71, the picture is no clearer. Elec-
tronics” survey estimates that the over-all equip-
ment market in Europe will rise 6.5% to $6.4
billion. Still, electronic equipment may be one
bright spot in the economic picture because al-
most all the forecasters believe 1968 will be a
sluggish year for most European economies.

The biggest imponderable on the continent is
the effect of the devaluation of the British pound.
Not until spring will economists really be able to
determine if the move has been effective. If it
works, most Britons believe the electronics indus-
try will enjoy a good year even though the coun-
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try will be suffering deflation. If it doesn’t work,
even a bigger devaluation may be required, as
well as severer restrictions on industry that could
depress sales of all kinds of equipment, including
electronics.

Economies of countries like Denmark, Norway,
Sweden, and Spain—in fact the six other mem-
bers of the European Free Trade Association,
sometimes called the Outer Seven in contrast to
the members of the European Common Market—
are dependent on how things go in England. So
the deflation that Great Britain expects is likely
to be reflected in these countries too.

In addition, Europe has gone through a year
of general economic slowing down. Recession
struck in Italy as long ago as 1964; Italy, how-
ever, has been recovering since 1966. West Ger-
many saw its spectacular post-war economic
growth end in its first recession last year; there
are hopes that the decline will be short-lived
and has ended.

France rolls along fueled by dreams of national
glory. But the bookkeepers, who dream less than
the politicians, are worried about some ominous
signs in the economy. Tourism, one of France’s
biggest sources of income, dropped sharply last
year mainly because, say some seers, of General
de Gaulle’s hostile attitude towards the United
States and Britain—the two biggest sources of
France’s tourist trade. Sellers of French exports
—most notably perfumes and wines—report
growing American buyer backlash.

For almost two years, makers of consumer
electronics in Europe have worried about pla-
teauing sales as television and radio ownership
approached saturation levels, A hoped-for shot
in the arm from color tv has not yet materialized
—and the delay was predictable. As long as
prices of color-tv sets stay high and the number
of hours of color programing stay low, sales of
sets will not boom.

Despite the heavy fog on the forecasting front
in Europe, American electronics firms can be sure
of at least one trend: economic nationalism is
still on the rise in Europe. American electronics
firms will find it tougher going in many Euro-
pean countries. The governments of England and
France will continue to press for mergers of com-
panies in their countries to build capability and
prowess to match that of American firms, The
trend will be most noticeable in the computer
business—which will enjoy the surest and great-
est growth of any segment of electronics in Eu-
rope in 1968—and semiconductor manufacturing,
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CLIFTON

HAS A

WHOLE RAFT OF
QUALITY
AMPLIFIERS

PR 53200000

Clifton is rapidly becoming known as an amplifier
house. And why not, since we are designing and
building a wide variety of amplifiers—and here’s the
best part—to stringent Clifton QUALITY standards.

For instance, Clifton has a new state of the art, low
cost, high reliability servo amplifier for position

ANGLE A
\\ * *
26 VAC ’3 CGHBAT CTH-8A7 3
N R e,
GO0z "Q \ o ANGLE A
2 3Z Error 15!

i
! REMOTE UNIT

TO BE POSITIONED
)

5

* Clifton Part No.

servo systems. It is Model 561. See the typical dia-
gram above. Note also that Clifton rotating compo-
nents are recommended in this system for their
excellent matching qualities with our servo ampli-
fiers (and vice versa).

24 Circle 24 on reader service card

‘ e 54

Our booster amplifier-resolver chains are another
area in which Clifton excels. The amplifiers (single
or dual channel) are built to MIL-E-5400 (as are all
our amplifiers) and feature an overall loop gain of
66db. min. They are completely interchangeable
within a system.

Additional Clifton amplifiers include frequency
modulator isolation amps, summing isolation amps,
resolver buffer amps and many more servo types.

Clifton also builds a number of power supplies and
related servo system components. Look to Clifton
for all your electronic module needs.

Contact Clifton Division of Litton Industries,
Clifton Heights, Pa., 215 622-1000, TWX 510 669-

8217, or our local Sales Offices.
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Fairchild quitting
oscilloscope field

Autonetics enters
the LSI market

. Tektronix combines

FET's and bipolars

Electronics Newsletter

December 25, 1967

Fairchild Camera & Instrument will not be in the oscilloscope business
by next week. A company spokesman was hopeful a buyer could be
found for the property and indicated that negotiations were under way
with several potential buyers. If a buyer can’t be found, the source said,
the division, headquartered in Clifton, N.J., will be completely closed
down as of Jan. 1.

The division, formerly the DuMont Labs, was once the leader in the
scope field; in recent years it’s been in the red and it hasn’t introduced
a new scope since 1964. About a hundred engineers are employed at the
division.

Four large-scale integrated devices—three metal oxide semiconductor
units and a silicon-on-sapphire diode matrix—are the first commercial
products of a program announced by the Autonetics division of North
American Rockwell last July [Electronics, July 10, p. 43] to market some
of the LSI chips developed for in-house work.

Included is an MOS dual 50-bit dynamic shift register with a specified
speed of 1 megahertz. It performs essentially the same functions as delay
lines, Autonetics says, and can be packaged in a TO-5 can or flatpack.
Also available are an MOS quasistatic 100-bit shift register that functions
as a static electronic hold at speeds from d-c to 1 Mhz and can be pack-
aged in a TO-5 or flatpack, and an MOS 16-channel multlplexer for such
equipment as pulse-code-modulated systems.

The 70-by-96 diode matrix (6,700 diodes) has a resistance of 1,000
ohms and switching speeds of less than 1 nanosecond per diode. Already
in use in the Massachusetts Institute of Technology’s Project MAC (mul-
tiple-access computer) as a character generator, the matrix features a
system-memory read time of 200 nsec over the full temperature range
specified by the military [Electronics, May 30, 1966, p. 152A].

The long-awaited combination of junction field effect transistor elements
and bipolar transistor elements in a single monolithic structure has finally
been achieved—and by an instrument firm. Tektronix, the country’s
largest maker of oscilloscopes, has produced a three-stage, wide-band
amplifier containing bipolars and junction FET’s, thus leapfrogging those
IC manufacturers pursuing the same goal, most notably Raytheon [Elec-
tranics, Nov. 13 p. 25].

The Tektronix IC contains five p-channel junction FET’s and 30 npn
bipolars in a 50-mil square chip. The company is keeping its diffusion
process under wraps, but says only one extra diffusion step was needed
to achieve the combination.

Raytheon had been aiming for a December introduction of its com-
bination chip, a fully compensated operational amplifier, but it still hasn’t
solved all fabrication problems and now doesn’t expect to produce the
device until the first quarter next year.

Tektronix’ achievement was spurred by the company’s desire to im-
prove the input stage of its crt’s. The company plans to incorporate the
new monolithic in next year’s oscilloscope line, but has no intention of
selling the circuit separately.
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Traffic controller
without a computer

F-106 is likely
Awacs escort

FAA to propose
plane-beacon rule

26
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The WDL division of Philco-Ford has developed an electronic traffic
controller for individual intersections that does not need a computer.
The development is tied to Philco-Ford’s plan to establish a transporta-
tion products section.

Oakland, Calif., is already testing a forerunner of Philco’s lane occup-
ancy controller, built by the Link group of General Precision Equipment.
Howard Carmack, assistant supervisor of the city’s electrical department,
says flatly that “this type of control will eliminate computer-controlled
systems.”

In the Philco system, the traffic light stays red in all directions until
the presence of a car is detected by a buried induction loop some 50
to 60 feet long. The controller then turns the light green for that car.
Following cars will keep the light green until a car enters the intersec-
tion from the cross street; in that case, the controller keeps the light
green only until a preset time limit has been reached. The Link unit
has been under test at a heavily traveled intersection in Oakland. Car-
mack says that it has appreciably reduced delays.

Oakland itself pressed for the development of the system. Robert Doble,
an engineer at Link, designed the prototype now in use. Later, when he
joined Philco, he designed the Philco machine with integrated circuits.
Philco has delivered one controller to Oakland and will test a half-dozen
others in the San Francisco Bay area in the near future. Link is also de-
veloping an advanced controller.

A new version of General Dynamics’ F-106 is expected to be picked by
the Air Force as the fighter escort for transport planes carrying the Air-
borne Warning and Control System (Awacs). Awacs is now in the design
and test phase [Electronics, Aug. 7, p. 66].

Shopping for a new avionics system for the F-106X has already started
with Hughes’ ASG-18 a strong candidate for the fire-control radar. The
F-106X will also have an improved propulsion system and greater fuel
capacity than earlier versions.

Other planes in the running for the award, which will be announced
early next year, are the F-12, the F-111, and the F-4.

The FAA is planning to propose that all private and commercial aircraft
be required to carry crash-locator beacons. An agency spokesman said
manufacturers and potential users will be invited early next year to
comment on the proposal. It ordinarily takes another two to eight months
after hearings before a ruling is issued.

A decision requiring beacons—which cost $200 and up—would open
up an immediate market estimated at about $20 million a year. The
rule change would also expand the market for direction-finding equip-
ment, which every Civil Air Patrol unit would have to carry to locate
beacons.

Support for such a change is hardly unanimous, though. The Aircraft
Owners and Pilots Association, while not opposed to the voluntary use
of beacons, is against any regulation making them mandatory.

Beacons transmit on the international May Day frequency with a range
of up to 100 miles, depending on power supply.

On another front, an investigation is under way to determine if air-
traffic controllers and others working with FAA radar equipment are
being provided with complete radiation detection and protection devices.
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No need! Nearly twenty years of flight time on
aircraft from the B-29 to the C-5A have proven
the dependability of wiring insulated with
TEFLON fluorocarbonresins. Labtests are 0.K.;
we’ve got hundreds on record, but nothing tops
the proof of use...and TEFLON has the proof

:\\
A

by

QUPOND

Better things for better living
...through chemistry

of millions of flying hours in scores of aircraft.
Ask for our brochure explaining in detail why
there are no test flights for TEFLON. It may
help you eliminate one unnecessary variablefrom
your next test flight. Write Du Pont Company,
Room 5617C, Wilmington, Delaware 19898.

*Reg. U.S. Pat. Off. for Du Pont fluorocarbon resins and films.

There are no test flights for Teflon*

4

TEFLON...the proven performer
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Get TI’s
IC op amps
from us.

Op amps
are 1n...

economical molded plastic packages from Texas Instruments. PERTEARE N oy prices
are so low you’ll be using these dual-in-line integrated circuits in more equipment
designs than ever—or substantially reducing costs of existing designs. STl
Call us for comparison quotes on TI’s new “702”, “709” and “710” IC operational

amplifiers. FETTITT When you’re out of op amps, remember our big stocks and call

us. We'll help you fill the empty spaces W in your procurement schedules—fast.

For data sheets, circle reader service number 85.

#SERVING THE ENTIRE SOUTHEASTERN U.S.”

ELECTRONIC WHOLESALERS INC.

WASHINGTON, D. C. 20001 MIAMI, FLORIDA 33147

2345 Sherman Ave., N. W., Phone 202—483-5200 9390 N.W. 27th Avenue, Phone 305—696-1620
BALTIMORE, MARYLAND 21229 ORLANDO, FLORIDA 32803

3200 Wilkens Avenue, Phone 301—646-3600 345 N. Graham Avenue, Phone 305—841-1550
WINSTON-SALEM, N. C. 27101 HUNTSVILLE, ALABAMA 35805

938 Burke Street, Phone 919—725-8711 2310 Bob Wallace Avenue, S.W., Phone 205—534-2461
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Craftsmanship in hard materials...an industry standard

HIGH PRECISION TUNGSTEN CARBIDE BONDING TOOLS, Tempress philosophy. To meet its responsibilities, Tem-
SUCH AS THE ONE SHOWN IN THIS 13X MAGNIFICATION press maintains a continuing expansion program, limited
OF AN ULTRASONIC LEAD BONDING OPERATION, WERE only by strict adherence to the Tempress Standard of Ex-
PIONEERED AND INTRODUCED AS PRODUCTION DE- cellence. (It requires as long as 11 months to train an
VICES BY TEMPRESS ... IN 1963, THE TEMPRESS CAP- operator for certain operations.) The same uncompromis-
ILLARY TUBE, AN INDUSTRY STANDARD...IN 1967, THE ing standard is applied to Tempress Automatic Scribing
ULTRASONIC BONDING TOOL, AN INDUSTRY STANDARD. Machines and to the entire growing family of Tempress
The techniques and the specialized machinery de- miniature assembly tools and production equipment.
veloped to produce such precision products from LEAD BONDING, DUAL FET, COURTESY OF UNION CARBIDE ELECTRONICS
ultra-hard materials have not been duplicated; quite T S
probably will not be, for they are a result of the EM PRES

unique combination of Tempress people and the Tempress Research Co., 566 San Xavier Ave., Sunnyvale, Calif. 94086

Circle 29 on reader service card Circle 31 on reader service card -~



MIL-C21097
Crimp.

Snap in.
Stake down.
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The AMP-BLADE* Printed Circuit Connector. Male housing: staked to
board, prevents warping; encapsulated tabs, polarizing guide pins.
Female housing: snap-in receptacles, easy keying. Large contact
areas, gold over nickel plating, wiping action. Famous AMP
reliability. Automatically crimp 3,000 receptacles an hour with the
AMP-O-LECTRIC* machine. Lowest installed cost. Available in 17, 23,
29, 35, 41 and 47 contact positions. Send for full information today.

% Trademark of AMP Incorporated
o

AMP

INCORPORATED

Harrisburg, Pennsylvania

This is only one of a full line of pnzhted circuit connectors available from AMP. .. Worldwide.
Ny
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CLARE

Optimity
in control
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optimity...

“The condition or fact of being best or for the best.”*

That's the industry-wide reputation established by Clare
relays, stepping switches, pushbutton switchlights, current
sensors, static timers, and other control devices. The reasons
—as varied as the users. The Clare line is complete—there's
no make-do, no compromise performance. Versatile—
wherever and whenever you need contact switching, Clare
puts you in control. Engineered to high standards of relia-
bility. Widely recognized for precise performance, without
undue maintenance or change in operating characteristics.

For optimity in your system—for advanced capability based
on long life, high reliability, and maximum economy—Ilet
Clare put you in control.

For complete product information, specify your areas of
interest . . . Write Group 12N2

@ C. P. Clare & Co., Chicago, lllinois 60645 ..and worldwide

a GENERAL INSTRUMENT company *Webster

1—Pushbutton switchlights
by Clare-Pendar

2—Telephone-type relays

3—Polar relays

4— Military-type (crystal can) relays
5—MicroClareed relays
6—Stepping switches

No-Break AC Stand-By Power
by Clare-Electroseal

T Cosiisl volays For orderly control of critical process,
8—Mercury-wetted contact relays start-up, or shut-dc')wn.durlng _amos -
9 Yirnoes st e daliy. roliys gency power loss situations. Dgpend-

by Clare-Electroseal able power for computer memories and

10— Clareed relays other applications demanding an abso-

11—Current Sensors lute source of AC power.
by Clare-Electroseal

CLARE'PEND‘“‘ ... for optimity in industrial process
control, electronic data processing,

aerospace and ground support, com-
ST CLARE- icati : ;
{1 ELECTROSEAL munications, and instrumentation
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Communications Prkocl: Depa»tm!nf
Norden

Yeageow Division

United Aircraft Corporation
Trevose, Pennsylvania 19047

Today Norden’s new Communications
Products Department supplies total sys-
tems capability, plus field support, to all
users of Vector telemetry products.

And Norden continues to supply the
same wide range of Vector products and
systems: a full line of FM, Digital, and RF
equipment, microminiature and conven-
tional components, subsystems and total
systems for airborne or ground-based tele-

Norden now produces and supports all Vector telemetry products.

communications assignments.

Research, development and production
of Vector telemetry products and systems
will continue at the newly expanded United
Aircraft facility in Trevose, Pennsylvania.
For information, or detailed specifications,
call or write the Communications Products
Department, Norden Division, United Air-
craft Corp., Trevose, Pa. 19047. Phone
(215) 355-5000.

Norden

DIVISION OF UNITED AIRCRAFT CORPORATION
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T .‘.
Price: 33801A and 33802A (negative or pos-

itive output): $125. 33803A (matched pair
mixer service, 33801A and 33802A): $275.

For more details call your local HP field en-
gineer or write Hewlett-Packard, Palo Alto,
California 94304; Europe: 54 Route des

If you've tried to put together a mixer/detec-
tor circuit for broadband microwave equip-
ment, you know what a headache it is. No
more. With HP’s new 33800A Series Mixer/
Detector modules most of the grief is gone.

Here’s why. The 33800A’s are miniaturized
by hybrid/IC construction for simplicity and
convenience. Just plug them in. No fabrica-
tion problem. You've got economy for su-
perior performance—there is nothing similar
to the 33800A’s available.

As detectors, the 33800A’s have tangential
sensitivity of —50 dBm, 2 to 12.4 GHz; out-
put of 3 mv/uW. As mixers, they display
noise figures of 7.5 dB, IF impedance of 100
ohms and VSWR of 2:1.
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Acacias, Geneva.

HEWLETT hp. PACKARD

SOLID STATE DEVICES
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Get
the

LITTLEST

STANDARD

yet!

TO-5 Relay

Only one relay in the so-called miniature
field offers all the configurations available in
a crystal can — that's a TO-5 Relay by
Teledyne Relays. Once an engineer has used
any of our TO-5 Relays in his design, that
engineer has standard design techniques
available whenever a relay application oc-
curs . . . the result of this action is efficient
standardization.

Standards are .established by practice not
proclamation. Whatever the miniature relay
problem, Teledyne Relays can provide the
answer—SPDT...DPDT...Sensitive SPDT or
DPDT...Latching SPDT or DPDT...IC Relay.
We would like you to get the littlest stand-
ard relay available. Just send for our Tele-
dyne Relay TO-5 catalog and see for your-
self the extent of our standard relay line.

TELEDYNE RELAYS

w

A TELEDYNE COMPANY

3155 West El Segundo Boulevard * Hawthorne, California 90250
Telephone (213) 679-2205 * 772-4357
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POSITIVE
LOW ENERGY
ITCHING

New usnap/ WEd” Switch

MECHANICALLY ACTUATED REED SWITCH

Reed switch reliability—Snap switch precision and utility

A completely new concept in switching low energy circuits: Proven
coil spring snap-action movement utilized to position magnets to
provide a positive push-pull drive of sealed reed contacts to open or Q>
closed position. Rugged enclosure protects mechanism and reed.

® Low Bounce Time—300 microsecond typical on single throw. P
;.;;;_-s-_;;!.v-q

® High Operation Rate—60 per second.

® Long Life—20 million operations on single throw at 25% of load.

® Precise Operating Points—.015" tolerance. B e HORSESHOE
MAGNET

MAXIMUM RESISTIVE LOADS: 28 Volts DC—110 Milliamperes—

3 Watts. INSERTION RESISTANCE—150 milliohms maximum. REAMSN.0.EN.C. COIL S NG e R S WG AR O

WRITE TODAY for 4-page brochure containing engineering
drawings, operating characteristics, life chart and prices.

CHERRY ELECTRICAL PRODUCTS CORPORATION - 1656 Old Deerfield Rd., Highland Park, Ill. 60035
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LOOKING FOR MIORE RETURN ON YOUR DVM DOLLAR?

Hewlett-Packard gives you more capability per measurement
dollar with the widest choice of DVM's in the industry! Choose
from 3, 4, 5, and 6-digit instruments with a variety of accuracies,
sensitivities, functions and prices.

Looking

.*.
| 5 9.9 . for Economy?

There's the three-digit hp 3430A for measurements within
+(0.1% + 1 digit) and a sensitivity of 100 uV, with up to 60%
overranging capability indicated by a fourth digit. Low price of

only $595.
Looking for

. 9 9.99 £ Plug-In Capability?

It’s yours with the four-digit hp 3440A. Six plug-ins give ac volts,
dc volts, dc current and ohms. Basic dc accuracy is =0.05% of
reading =1 digit. The 3440A has BCD printer output and rear
terminals in parallel. Price: hp 3440A, $1160; plug-ins, $40 to
$575. For bench use, get lower-priced hp 3439A (no BCD out-

puts), $950.
+ ' | 9 9 9 9 Looking for
o Accuracy and Speed?

For laboratory precision and systems speed, try the five-digit
(plus a sixth digit for 20% overranging) hp 3460B. It has
+=0.004% of reading =0.002% full scale accuracy. The 3460B

38 Circle 38 on reader service card

has 10uV sensitivity and makes automatic and remote-controlled
dc measurements at up to 15 readings per second. The guarded
3460B has high common mode rejection, and >10% input re-
sistance at balance on the 1 V and 10 V ranges (minimum 10
M£2). On the 100 V and 1000 V ranges, input resistance is 10 M{2.
Price: hp 3460B, $3600; hp 3459A, (no BCD outputs), $2975.
Looking for Highest

.’.
|.' b9 9y Accuracy and Sensitivity?

hp HO4-3460A gives resolution of 1 partin 1.2 x 108, sensitivity
of 1 uV, accuracy of =0.005% of reading or =0.0005% of full
scale . . . with six-digit readout and seventh digit for 20% over-
ranging. The guarded HO4-3460A has 160 dB effective common
mode rejection at dc, and uses integration to reduce effect of
superimposed noise. Automatic, manual or remote operation is
possible. Instrument has BCD printer output. Price: hp HO4-
3460A, $4600.

For full details on the hp DVM that fits your needs—contact your
nearest hp field engineer. Or, write to Hewlett-Packard, Palo Alto,
California 94304. In Europe: 54 Route des Acacias, Geneva.
097/17

HEWLETT .hp; PACKARD
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Space electronics

The old reliables

Much to the surprise and dismay of
people close to the project, the eight
satellites scheduled to be launched
in the spring to augment the Initial
Defense Communications Satellite
System (1css) will be virtually the
same as the 19 already in orbit
[Electronics, Nov. 27, p. 60].

The Despun Antenna Test Satel-
lite (pats) lofted with the third
group of wess satellites is currently
providing some 10 decibels more
gain than the others. Despite this
fact, and despite the fact Philco-
Ford Corp. is building satellites
with despun antennas for Great
Britain and the North Atlantic
Treaty Organization, the mcss birds
now under construction at Philco
do not have directional antennas.
The satellite was formerly called
mespe (p for project).

Keep price down. The decision
to go ahead with an old model re-
portedly stems from the failure of
the scheduled second 1pcss launch
on Aug. 25, 1966, when the Titan
3C booster had to be destroyed
shortly after liftoff [Electronics,
Sept. 5, 1966, p. 31]. After that, one
source says, Washington pressed
hard for the replacement satellites
that were cheapest, had the lowest
risk factor, and were most readily
available. Discussions in the fall of
1966 eventually resulted in a re-
placement contract last March.

But by that time, the third launch
—the second successful one—had
already been carried out (in Janu-
ary). In June four more satellites
and the paTs were orbited. The last
shot was an added starter, to make
up for the aborted mission. All of
these have been performing beauti-
fully; not one has failed. In fact,
Philco claims a mean-time-between-
failures of seven years.
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Something old. No innovations are
planned for the next group of military
communications satellites.

Philco is believed to have inform-
ally suggested that, in view of the
excellent performance of the first
19 satellites (which have been
operational since last July 1), the
need for improvement was less
pressing than had been believed,
and that it might, therefore, be
better to upgrade the next group of
satellites.

The reason for upgrading the sys-
tem would be to fill in its gaps. At
present there are reported to be
some outages in north-south com-
munications, and in long-distance
cast-west communications. Such
gaps could be corrected by the
higher effective radiated power
available from a directional an-
tenna.

Some modifications of the ground

- system might be necessary to han-

dle a “mixed” system, of high-power
synchronous satellites (such as the
British and ~xato birds) and lower-
power near-synchronous satellites
(such as the first 19 mcss’s). The
problems are not considered great.
In fact, there is some speculation

that the pats, having gone through
its test paces, may have been in-
corporated into the mcss.

The traveling-wave tube ampli-
fiers for wcss were provided by the
Watkins-Johnson Co. and by the
Eimac division of Varian Associ-
ates. Contracts for twt’s for the next
series contained some develop-
mental funds, leading to specula-
tion that the tubes may be some-
what higher-powered.

Like a Volkswagen, the birds
may be changed inside while show-
ing the same face to the world. But
unless the Air Force’s Space and
Missile Systems Organization
(samso) does a complete about-
face, the next series of mcss birds
will not have the advantage of ad-
vances in technology made since
the first group of seven was orbited
in June 1966.

Consumers electronics

Errors of emission

It secemed almost a dead issue and
color television set manufacturers
were glad of it. Certainly Govern-
ment reports of some General Elec-
tric tv sets spewing out higher-than-
acceptable levels of x rays was not
a good way to get Christmas shop-
pers to plunk down their money for
a color set. But then, to the dismay
of the industry, the issue surfaced
again. And this time it could involve
all set makers.

First, the U.S. Public Health
Service, in a report on GE sets in one
Florida county, said 38 out of 131
corrected sets were still emitting
radiation above the 0.5-milliroent-
gen level per hour deemed safe.
This time it was not the downward
passage of rays from the shunt reg-
ulator tubes that was at fault, but
radiation from the sides and back
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of the same tubes, as well as from
a new source: high-voltage regula-
tor tubes.

In a report to Congress, the Pub-
lic Health Service concluded: “Ra-
diation emissions from sources other
than the shunt regulator tube indi-
cate that potential radiation expo-
sure may be industrywide.”

Then came an article in Con-
sumer Reports Magazine saying
that sets made by the Admiral Corp.
and Packard-Bell Electronic Corp.
also emitted excessive radiation, un-
der certain circumstances.

Whose move? As a result of the
surprising findings in Florida, the
Public Health Service has asked
the Electronic Industries Associa-
tion “to cooperate in a nationwide
evaluation of the potential health
hazard” and the National Center
for Radiological Health announced
it was planning studies of its own.

The question now is who will
make the next move. James Secrest,
EIA’S executive vice president,
doubts that Era will actually get
into checking or testing sets, but
says that the organization may set
guidelines. At the National Center
for Radiological Health a spokes-
man says, “We have no specific
plan as yet for the study of other
sets but will try to start something
in the near future. We will ask the
Era to help.”

At Admiral, a spokesman said
the company will take no action
because it does not consider radia-
tion a problem in its sets. Another
Admiral public relations man said
the Consumer Reports story talked
about a set that is “out of produc-
tion.” He later added that the last
one came off the line in November
and presumably is on dealers’
shelves now.

Lee Robinson, Packard-Bell's di-
rector of quality assurance, said
sets are continually “checked” in
the factory. He said that after the
story was published the California
Department of Industrial Safety
came in and found the sets were
meeting the prescribed require-
ments. Robinson said this is the
first radiation check made by a gov-
ernment group—contradicting a
statement made before the check
by the firm’s president, who said
sets had been checked for safety
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and performance “by the govern-
ment.” Packard-Bell is letting the
issue rest.

Meanwhile, on other fronts, brick-
bats are flying. Ralph Nader, the
gadfly, who is moving towards the
formation of a consumers lobby in
Washington, had harsh words for
the industry and the Government.
“The Government is moving in this
area with all the speed of a glacier.”

Rep. Paul Rogers (D., Fla.)
urged manufacturers to conduct
immediate safety surveys of their
sets. Rogers’ bill on radiation safety
is one of two that will be introduced
in early 1968 [Electronics, Sept. 18,
p. 164].

At the aArr/cro biennial conven-
tion in Florida this month a policy
resolution was passed expressing
concern over inadequate radiation
protection of workers and consum-
ers. In Washington an arr/cro staff
member, George Taylor, working
on the problem of radiation in
atomic and electronics industries,
predicts that in the next round of
Congressional hearings on radiation
safety a host of union representa-
tives can be expected to post their
grievances and the Brotherhood of
Electrical Workers and the Inter-
national Union of Electrical, Radio
and Machine Workers will be
heard, he predicts.

Taylor says some unions may
bring the question of radiation
safety to the bargaining table when
national contracts are negotiated.

Computers

Negative thinking

Staid old Westinghouse Air Brake
Co. is being pushed by its Melpar
division to develop a mnew type
computer, leapfrogging present-day
technology. Heading the drive is
rail-thin Maurits P. de Regt (pro-
nounced “direct”), the new chief
of systems analysis at Melpar. De
Regt is pushing the parent com-
pany for design and prototype de-
velopment money for a series of
negative-radix-arithmetic ~ compu-
ters.

For industry. De Regt says the
best immediate application for this

negative-radix ~ computer—which
may be electronic, fluidic, or any
other ic—would be for industrial-
control processes that require rela-
tively simple, repetitive calculations
from sensor data. Negative arith-
metic makes simplified, less expen-
sive arithmetic circuits possible and
attains higher reliability by reduc-
ing the number of special-purpose
control modules. These advantages
arise because with negative radix a
given arithmetic operation is al-
ways the same regardless of polar-
ity of the numbers involved. With
a positive radix, for example, when
a positive number is to be added to
a negative number, the operation
is really a subtraction.

The disadvantage, of course, is
that negative-radix notation would
be very difficult for programers
to get used to, although it could be
made compatible for the user with
present computer languages. The
output would have to be converted
from negative to positive radix for
printers and other output devices,
and the input would have to be
converted the other way. But con-
version is intrinsically no more diffi-
cult than binary-to-decimal conver-
sion in conventional computers.
And, as any programer will testify,
getting used to binary mnotation
in conventional computers isn’t
casy at first either.

But in spite of programing dif-
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ficulties, according to de Regt, neg-
ative-radix computers will give
more flexibility, economy, redun-
dancy, and maintenance-free oper-
ation to large general-purpose and
time-shared computers.

Minus order. These advantages
arise from negative-radix notation,
says de Regt, because negative
numbers can be represented di-
rectly without resorting either to
cumbersome complement notation,
which fouls up arithmetic opera-
tions, or to sign-and-magnitude no-
tation, where the extra sign bit in-
terferes with shifting operations.
According to de Regt, this means
that registers can be chained to-
gether indefinitely without regard
to sign bits, low-order carry-in bits,
or other considerations. As a re-
sult, true variable-word-length com-
puter design is possible.

Negative-radix arithmetic also
enhances reliability by permitting
computers to be built with large-
scale integration techniques using
chips that include failure-detection
circuits, circuits to bypass failed
elements, and redundant circuits to
replace failed elements.

For example, a simple 12-bit
register in a conventional computer
would be replaced in the new de-
sign with a 36-bit register, only 12
bits of which would be used at any
time. Up to 24 bits could fail and
be replaced by other positions in
the register without affecting the
operation of the system. Such a
register could be built on a metal-
oxide-semiconductor chip with
fewer than 1,000 transistors per
chip—not unreasonable with to-
day’s state of the art.

Since registers can be physically
chained together indefinitely if they
use negative radix notation, they
may also be chained together under
program control. This possibility
implies sophisticated computers
whose performance depends on the
job to be done. It also implies low-
cost time-sharing, through match-
ing data-processing and number-
register capacity requirements to
the needs of jobs at hand. The re-
sult is that it would be able to
handle three low-capacity jobs
simultaneously or switch over to
one high-capacity job automati-
cally.
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Manufacturing

Computer for the mask

There’s a lot of tub-thumping
about computer-aided design but
so far computers haven’t been
much help to the photomask
maker. Manufacturers of large in-
tegrated circuits have been trying
to automate mask-making, but the
best they’ve been able to do has
been to use numerically controlled
drafting tables for making art work
from 200 to 500 times the real size.

But now the largest U.S. pro-
ducer of 1c masking cameras, the
David W. Mann Co., a division of
the GCA Corp., Burlington, Mass.,
has come up with a computer-con-
trolled pattern generator that pro-
duces plates 10 times actual size
for photorepeaters, using punched
tape as its input. The machine
sidesteps drafting and photoreduc-
tion, steps which have added error
to 1c masks, and consumed valu-
able time as well.

Mann’s general manager, Burton
Wheeler, says the pattern genera-
tor’s eventual role will be as an
extension of a design computer,
converting the computer’s output
into a plate for use in a photore-
peater. Even though this type of
operation is a year or so away, the
pattern generator already makes
possible 1c artwork with tolerances
far more accurate than presently
available, he says, and at speeds
“much faster” than today’s ma-
chines allow.

Once upon a time. Early 1c’s
were made by the same semiphoto-
graphic process used today. But in
more primitive setups a draftsman
transferred a design engineer’s
sketches of 1¢c masks to laminated
plastic in a back-breaking session
at a drafting table. The laminate
would be photographed and re-
duced in size, then photoreduced
again as it was projected onto a
master plate. Things haven’t
changed much since the first 1c’s
came out. Some companies haven’t
changed their approach at all.

At best, the engineer’s sketch
now is converted into instructions
for a numerically controlled draft-

ing table that creates giant replicas
of 1c masks, using a thin light
beam to paint the pattern on an
emulsion. Photoreduction is still
necessary and, in Wheeler’s opin-
ion, the drafting tables are sources
of unnecessary error.

The pattern generator makes
possible tolerances up to twice as
tight as those possible with draft-
ing and photoreduction, going di-
rectly to 10 times real size, with
+40 to 50 millionths of an inch
tolerances, compared with 60 to
80 millionths of an inch.

Light exposure. While the auto-
matic drafting table uses a beam
of light to paint the mask pattern,
the Mann system arbitrarily di-
vides the pattern into rectangles
up to 120 mils on a side and ex-
poses them with pulses from a
xenon flash lamp.

Eight-channel punched paper
tape contains the X-Y coordinates
of each rectangle, the size of each
rectangle, rotation angle if neces-
sary (this makes possible diagonal
lines), and flash commands. The
data can be either in decimal or
binary format.

The tape is fed into an optical
tape reader, which in turn feeds
a pop-8/s digital computer. The
computer stores the data in its
4,096-bit core memory. It uses this
data to position a servo-controlled
stage beneath reducing optics and
to vary slit size for the proper ex-
posure area.

Stepping motors operate the slit,
which is 10 times the size of the
final rectangle; the slit can be
stepped from its smallest to its larg-
est size in .25 second, or stopped
at one of its 14,400 apertures.

The optical system, the stage,
and the positioning system are the
same as used on Mann’s photo-
repeater, which makes positioning
tolerance and repeatability as tight
as that on master 1c masks. Optical
quality is about the same, too, and
according to Aubrey C. Tobey,
Mann’s director of marketing, ex-
ceeds today’s present needs. The
optics can resolve up to 650 line
pairs per millimeter, he says, mak-
ing possible line widths as fine as
0.5 mil.

This isn’t  overspecification,
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though. Tobey says the pattern
generator was designed with large-
scale integration in mind and its
specifications will be needed for
the very fine geometries that are
just over the horizon.

Industrial electronics

Drill commander

Drilling an oil well is an expensive
proposition even under the best
conditions. But off-shore opera-
tions, or those in marshy on-shore
areas, can cost more than $100,000
a day, including the lease of a
deep-water rig at a daily rate of
$6,500 to $8,500.

In an effort to cut these expenses,
the Humble Oil & Refining Co. is
using a digital computer to calcu-
late minimum drilling costs. With
the computer at the rig site, Hum-
ble has completed one well in the
bayou country of Louisiana and is
working on another.

Savings. A company spokesman
says that if the use of the com-

ks

puter saves “even a half day on
several wells,” this will more than
cover the cost of the system. And
with more experience with the
technique and more data on drill-
ing factors, he adds, “we might be
talking of saving whole days in the
long run.”

Humble’s Honeywell bppp-116
digital computer must take into ac-
count some 40 factors, including
the properties of geological forma-
tions, the wear rates of various bit
bearings and teeth, the weight, op-
erating speed, and over-all cost of
equipment, and such geometric pa-
rameters as pipe size. Humble has
developed a minimum-cost formula
based on these factors in conjunc-
tion with the Rucker Co.

Some information is fed into the
system from a control panel, while
signals indicating drill weight,
speed, and torque come from sen-
sors on the floor of the oil rig.

Comparisons. The computer pe-
riodically requests changes in bit
weights and rotary speeds and cal-
culates the resulting rates of pene-
tration. Applying this data and the
minimum-cost formula, it then de-
termines the best combination of
weight and speed for the conditions
encountered. Included in this de-
termination is the cost of replacing

New twist. Humble Oil is using a digital computer at Louisiana
oil rig site to speed drilling operations and cut costs.
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the bit.

Constraints are built into the
system to prevent the computer
from ordering modifications in
drilling procedure for unimportant
changes in rig operations or geo-
logical conditions. Torque-limit
safety control is also provided.

Instrumentation

More than a calculator

Secure in its position as a new-
product-oriented company with a
reputation for quality, the Hewlett-
Packard Co. has seldom deigned to
comment on rumors about forth-
coming instruments. For more than
a year, it has blandly ignored re-
ports that it would market a desk-
top calculator [Electronics, Dec. 12,
1966, p. 26], confirming only that
it was working on a “calculating de-
vice” which was “not yet committed
to production.”

Now it appears that u-p will offer
something that is more than a cal-
culator, but less than a computer—
a special-purpose instrument about
the size of a portable typewriter
that will perform a variety of arith-
metic and algebraic functions. The
instrument, known internally as the
series 9000, was reportedly devel-
oped in the company’s Loveland
division, in Loveland, Colo., but
will be marketed by the Palo Alto,
Calif., division. The latter division,
formerly known as Dymec, is rap-
idly becoming H-P's computer arm.

High class. The new machine is
said to perform all functions needed
for solving partial differential equa-
tions. Its typewriter-like keyboard
has keys for trigonometric functions
and natural logarithms, as well as
square and cube roots and a num-
ber of other functions. The display
is on a small cathode-ray tube. It
is intended for use by scientists.
The price tag—said to be well into
five figures—takes it out of the desk-
calculator class.

The instrument will be built with
integrated circuits designed and
made at the Loveland division,
whose integrated-circuit lab, begun
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New I/C 500-600 nsec
Memory System...

.« . Stores 1 /4 million bits in
single 5-1 /4" high unit, features
MTBEF of 12 years under normal

40-hour week operation

P

Now you can get the new p-STORE ICM-500 in standard
systems: 600 nanoseonds full cycle time. Special
systems: cycle times as low as 500 nanoseconds.

Up to 16,384 words with 54 bits/word; or up to 4096
words with 72 bits/word. (Over 3/4 of a million bits in
little more than 15" of vertical rack space — including
power supply). You also get I/C construction for all
major functions including X-Y current drivers plus a
choice of mechanical packaging.

Get the full story. And take advantage of our eight
years' experience in solving core memory problems.
Write today for our new brochure. Honeywell, Computer
Control Division, Old Connecticut Path, Framingham,
Massachusetts 01701.

*Patent applied for.

Honeywell

COMPUTER CONTROL

DIVISION
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DELAY LINES

GENERAL

Delay .4 to 10,000 usec at frequencies from
10 to 400 mc. Wide bandwidth and low spur-
ious response for excellent pulse reproduc-
tion and dynamic range.

COMPUTER STORAGE SYSTEMS

Ultrasonic delay lines using fused quartz or
special glasses represent an ideal medium
for high-speed Computer Storage, up to 20
mc rates.

Send for Microsonics’ Brochure #5350.

DIGITAL DELAY LINES

Delay lines for storage of high-speed digital
pulses with zero temperature coefficient of
delay for Computer applications. Design Bul-
letin available on request.

MAGNETOSTRICTIVE DELAY LINES

Microsonics, Inc. has a broad delay line and
systems experience with capability to de-
liver both off-the-shelf and custom-designed
systems for any specific application.

Systems provide for the delay or storage of
both analog and digital signals and are avail-
able to handle all modes of modulation (RZ,
NRZ and Bipolar). Output signals are avail-
able in either clocked or unclocked signal.

Send for Microsonics’ Brochure #M735.

VARIABLE AND TAPPED DELAY LINES

Featuring all usual advantages of superior
fixed Delay Lines.

MICROSONICS INC.

A subsidiary of the
SANGAMO ELECTRIC CO.

60 Winter Street
Weymouth, Mass.

Area Code (617) 337-4200

DELAY LINES

QUARTZ CRYSTAL PRODUCTS
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only last spring, has already pro-
duced its first circuit for an H-P in-
strument [Electronics, Nov. 13, p.
926]. Insiders say that the calculator-
computer will be ready by Febru-
ary, but H-p is making no commit-
ment about introducing it at the
mEeE show in March.

Avionics

Straighten up, fly right

A helicopter is a queer bird: it
wants to turn over and fly on its
back. To keep it flying right side
up takes a bit of coordination on
the part of the pilot.

The National Aeronautics and
Space Administration is about to
give the overworked helicopter pi-
lot an assist. And the solution, bor-
rowed from spacecraft design,
should lead to the development of
controls that are both simpler and
more automatic. In fact, the space
agency says, the development could
easily be extended to the vertical
or short takeoff and landing craft
(v/sToOL).

Heading the program is Richard
J. Hayes, a recently named assistant
director of ~asa’s Electronics Re-
search Center, Cambridge, Mass.
Hayes plans to borrow guidance,
control, and navigation gear from
Gemini and apply it to helicopters
and v/stor’s. His goal is single-
stick operation for these complex
aircraft, using a computer to close
the control loops.

Bring it down. “It’s also possible
that the Gemini’s navigational gear
may be more accurate than instru-
ment landing systems,” he says. The
center plans to use the computer
for terminal guidance. The compu-
ter would store the characteristics
of both the aircraft and the airport
in its memory and combine this
with attitude and position informa-
tion from Gemini’s inertial guidance
instruments and other sensors. By
comparing the data in its memory
with the sensor data, the computer
would be able to guide a plane to
a landing in zero visibility, even on
a dog-leg course—and without ap-

proach radar on the ground.

It’s not enough to add a compu-
ter and remove some controls. The
control panel also must be equipped
with new instruments and displays.
Hayes has ideas along this line, too.
For blind flying, the space center
will investigate a computer-con-
trolled holographic display that
would allow a pilot to view a land-
ing site in its actual perspective.
The plane’s position and attitude
relative to the airport or helipad
would be fed to the computer by
an inertial platform and beacon or
radar sensors. The hologram would
show the site in perspective (and
in motion) as the aircraft moved
relative to the ground.

Full circle. Meanwhile, Hayes
also hopes to improve spacecraft
cockpit display and instrumenta-
tion. With this aim, the NAsA center
has borrowed the Gemini capsule
from the Smithsonian Institution
and will use it as a test-bed for new
display ideas and human factors
analysis.

By early 1968 Hayes hopes to
have a computer hooked up to the
capsule’s instrumentation and to
have engineers in the cockpit flying
simulated missions.

The center has the Gemini 2 on
the lobby floor of one of its Cam-
bridge buildings and modification
should be completed next month.
Meanwhile, the Gemini data-hand-
ling system is being adapted for
v/stoL applications by Electro-Me-
chanical Research Inc. of Sarasota,
Fla. And Honeywell Inc. of St. Pe-
tersburg, Fla. is refurbishing Gem-
ini guidance and navigation gear.

Hayes hopes to have a modified
helicopter flying next June with
Gemini navigation gear borrowed
from the Air Force’s Manned Orbit-
ing Laboratory project office. Simu-

lations in the Gemini 2 capsule will
begin about Feb. 1.

For the record

Heat switch. The Du Pont Co.
has developed an unusual crystal-
line metal that suddenly becomes
magnetic at critical temperatures
and then becomes nonmagnetic at
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All ahout a new economical
method for selecting the right
precision industrial resistors...

It’s called “looking for the particular
precision resistors that deliver the
exact functional characteristics you
need at the lowest possible price.”

Perhaps this highly sensible meth-
od isn’t new to you. But it will be to
a lot of people. We've been amazed
to discover just how many design
engineers specify their industrial
precision resistors on the basis of
arbitrary (and non-functional) labels
—such as the fact that the resistors
meet certain MIL specs or feature
“wire-wound’’ construction.

Don'’t get us wrong. MIL-spec re-
sistors are fine—for military applica-
tions. But is it really logical to pay a
premium for a wider range of envi-
ronmental adaptability — and more
documentation—than your industrial
application actually involves?

Wire-wound resistors are fine, too.
Even when they're evaluated on a
functional basis, they may prove to
be better than metal film resistors for
certain industrial applications. But if
you still assume that wire-wounds are
better for every application, you
simply haven’t been paying sufficient
attention to what's been happening
in precision resistor technology in
recent years.

Thanks in part to important ad-
vances by the Speer research and
development people, our JXP resis-
tors now are competitive with wire-
wounds as far as resistance-temper-
ature stability is concerned. And their
statistical reliability is greater. Ditto
their power density, when perform-
ance is equivalent. And their prices
are not only competitive but are in
many cases even lower than wire-
wounds.

Our JXP metal film resistors, be-
cause of our exclusive manufacturing
process, can be produced to tighter
tolerances than wire-wounds at sig-

nificantly less cost for most resist-
ance ranges. Furthermore, they auto-
matically incorporate faster response
and settling times at no additional
cost.

You can get JXP’s with tolerances
and TCs as low as =0.02% and = 2
PPM/°C, respectively, upon request.
These “white room” metal film resis-
tors have other startling functional
characteristics that you should also
be aware of. Use the coupon, and
we'll send you the full details.

with any network engineering assist-
ance you might need—from proto-
type preparation to testing and certi-
fication. For complete information,
mail us the coupon.

...and the right industrial
precision resistor networks

As we've just demonstrated, evaluat-
ing industrial precision resistors on
the basis of functional characteris-
tics rather than arbitrary labels may
change your buying habits.

Well, the same goes for resistor
networks.

Our JXP precision resistors are
available in all kinds of packaged
networks and assemblies, needless
to say. In addition, we can furnish you

e o — — — — — — — — — — — — — — — — — — — — —— —— — — —

How's your frequency
on Typical Error #4
in inductor testing?

Continuing our review of the errors
often made when measuring induc-
tance and Q (see MIL-C-15305), error
#4 is letting your test frequency be-
come inaccurate.

Needless to say, preventing this
particular lapse is easy. Just check
it at regular intervals using accepted
instruments of at least 0.1% accu-
racy.

For additional errors—and how to
adjust for them—check with us.

IRCO Speer
Electronic Components

St. Marys, Pa. 15857

[0 Rush details on just how functional
your JXP precision resistors really are.

O Ditto on your JXP precision resistor
networks.

Name

Title

Company

Street.

City State Zip
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introducing
a new versatile
phase angle voltmeter
for production test

North Atlantic now brings you a new group of solid-state Phase Angle Voltmeters
for precision phase-sensitive nulling applications in production test and ground
support equipment.

Designed for versatility, they feature measurement of the vector components (in-
cluding phase) of complex AC signals at 4 discrete frequencies from 30Hz to
20KHz. Operating frequencies can be rapidly changed without calibration by direct
plug-in replacement of frequency modules and harmonic rejection filters. Full
operating performance is maintained over a bandwidth of +=5% and with 10X
signal input overload.

The unit illustrated is the Model 214A. Also available are the Model 214B with
reference isolation, and Model 214C with both signal and reference isolation.

North Atlantic’s sales representative in your area (see EEM) can tell you all about
these units as well as other Phase Angle Voltmeters and Phase
Sensitive Converters.

NORTH ATILAINTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 ¢ 516 —681-8600

®
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higher temperatures. Du Pont has
yet to determine applications for
the metal. In fact, it has sent sam-
ples to more than 100 companies
in an effort to find applications. But
two broad possibilities are seen: as
a switch triggered by temperature
change and as a core of an inductor
of a transmitting oscillator.

The material, chromium-manga-
nese antimonides, can be made to
operate in environments between
—200° and +150°C. The tempera-
ture spread at which the magnetic
state turns on and off can be made
as narrow as 0.1° and as wide as
100°. The critical temperatures at
which the magnetic reaction occurs
can also be affected by changes in
the pressure and an external mag-
netic field. Using pulsed magnetic
fields, the Du Pont scientists have
recorded changes in the material’s
magnetic field as quickly as 0.3
microsecond.

Life-size holograms. RCA Lab-
oratories scientists have developed
a way to generate large holograms
with a depth of field of up to six
feet; earlier holograms were limited
to fields of no more than a few
inches. Researchers predict they
could eventually make holograms
as large as 35 feet across. What
gives the =®rca holograms these
added features is the replacement
of the mirror at one end of the
laser with a piezoelectric-controlled
three-mirror interferometer, which
sharply improves the coherence of
the output beam over a long path.

Second try. Amphenol Corp. of
Chicago, in a second effort to pre-
vent a takeover by Solitron Devices
Inc. of Tappan, N.Y., is negotiating
a merger with Bunker-Ramo Corp.
of New York. In September, Am-
phenol failed to arrange a merger
with Sangamo Electric Co. of
Springfield, II1.

In the courts. The Justice Depart-
ment has urged the Supreme Court
to defer its decision on the appli-
cation of copyright laws to catv
systems, following a Dec. 4 invita-
tion by the court for an expression
of Justice Department views. U.S.
Solicitor General Irwin Griswold
also said that the court should pro-
ceed with a decision on whether the
rcc has the authority to regulate
CATV.
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I
= NOW

RCA LOW-POWER DTL
2 PACKAGES
NEW LOW PRICES

RCA’s Unique High-Reliability Hermetic Packages...Single Welded Cap
Leads do not pass lnrnugn”seal...lead abuse can’t affect nermqgicig.

.

RCA 2.3mW DTL in Hermetic Ceramic packages for —55°C to + 125°C operation

DESCRIPTION IN FLAT PACK IN DUAL IN-LINE PRICE (1000+) E;E'a‘kdown

;nltage“ .
ase collector
Dual 4-Input Expandabl input diod <

NAND Gate T CD2200 CD2200D $3.15 nput dlozE 4 Excallent
IN capacitive
Quadruple 2-Input NAND f drive
Gate CD2201 CD22010 $3.30 - capability

Dual 4-Input Expandable
NAND Buffer Gate CD2202 CD2202D $3.30

N
J-K Flip-Flop; . i
2452 8K 1 2:5et | +
and 2 Reset inputs, ‘ 65»0
Split Clock CD2203 CD2203D $4.20 : ; .
High noise immunity 1.2V (typ) @ 25°C

Dual 4-Input Gate
Expander CD2204 CD2204D $2.25 Device dissipation (typ) 2.3mW per Gate
Biliian e S .~ —7mW per Flip-Flop. Full military op-
ual 3-Input Expandable . erating temperature range— —55°C to
AND-OR-NOT Gate CD2205 CD2205D $3.15 . +125°C Flip-Flop clock frequencies (typ)
3MHz. Single power supply +3.8V to

NOW AVAILABLE IN PRODUCTION QUANTITIES. CALL YOUR RCA REPRESENTATIVE . +6.3V; 4V optimum. NAND gates pin-

. compatible with popular 930 DT Lcircuits.

Data sheets and extensive application notes available for both—CD2200

series in 14-lead Flat-Pack and CD2200D series in Dual In-Line package.

Call your RCA Sales Representative, your RCA Distributor or write to
RCA Commercial Engineering, Section ICN12-4, Harrison, N.J. 07029.

CHECK YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY.

RCA Electronic Components and Devices

The Most Trusted Name in Electronics
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No doubt about it, Mystik leads the field in special-purpose tapes.
Our extensive line of top quality products are perfect for hundreds
of applications ranging from conventional industrial uses to the more
sophisticated demands of the space age.

Mystik tapes are made in a wide range of materials including
paper, plastic, cloth and glass cloth as well as many types of films
and foils. They provide physical and performance characteristics of
every description and are suitable for binding, shielding, strapping
and insulating. Mystik pioneered tapes with heat-resistant silicone
adhesives that grip like a vise even when exposed to high tempera-
tures. Other new tapes are continually being developed to keep pace
with the needs of the rapidly-expanding electrical industry.

We’ll gladly prove our right to the “crown’. Our local distributor
will assist you in selecting the right tape for your application. He’s
in theYellow Pages under ‘“Tape’ or write :

The Borden Chemical Co., Mystik Tape ) BORDEN
Div., 1700 Winnetka Ave., Northfield, IIl. % CHE MIC Al.

48 Circle 48 on reader service card Electronics | December 25, 1967

©rmec



"HP Frequency
Synthesizeris a

tough life.

Using one is a snap.

The trouble with being a reliable instrument is that every-
one is always asking you to prove it. Especially if you're
a Hewlett-Packard Frequency Synthesizer, because many
synthesizer users freeze them to-20° C,heat them to +65°C,
engulf them in humid air, drop them 272 feet (a 50G shock
when they hit sand), and whack them with a 400 Ib.
hammer to prove conformance to military specification
MIL-E-16400F. It is a tough life; that’'s why every HP syn-
thesizer would much rather be the operator.

Look what he gets:

M Frequency change by pushbutton or remote command
(20 usec, typical).

B Frequency increments as small as 0.01 Hz.

B Search oscillator for continuous tuning or sweep
capability.

M Low spurious signals, low phase noise, high spectral
purity.

B Direct synthesis for best stability, fast switching, fail-

safe operation.

MINIMUM | SPURIOUS

MODEL RANGE INCREMENT| SIGNALS PRICE

5105A | 100 kHz—500 MHz 0.1 Hz 70dB | $13,500.*

5100B | 0.1 Hz—50 MHz 0.01 Hz 90dB | $12,500.*

5102A**| 0.01 Hz—100 kHz 0.01 Hz 90dB | $6500.
0.1 Hz—1 MHz 0.1 Hz 70 dB

5103A**| 0.01 Hz—1 MHz 0.1 Hz 70dB | $7100.
0.1 Hz—10 MHz 1Hz 50 dB

*Includes required 5110B Driver ($4350) which operates up to
four synthesizers.
**Dual range unit; has internal driver.

Military-type reliability at commercial instrument prices is

an extra benefit provided by HP synthesizers for commer-

cial, scientific and military users.

It’s easy to see why, after high and low temperature,

humidity, jarring drops and fierce hammer blows, it’s still

the user of our frequency synthesizers who gets all the

breaks.

Call your local HP field engineer or write Hewlett-Packard,

galo Alto, California 94304; Europe: 54 Route des Acacias,
_ Geneva.

HEWLETT @ PACKARD

FREQUENCY SYNTHESIZERS
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Some people can make
anything with Signetics’
linear integrated circuits.

Like this FM receiver our friend put together. Its IF strip
is made up of Signetics’ new 510 Dual RF/IF Amplifiers.
It will never win a prize for either industrial or electronic
design—but then, it wasn't intended to. Does it work? We

Seymour's WESCON paper on its design and applications.

Want to know more about Signetics' other new linear
IC's—the 515 Differential Amplifier and 516 Operational
Amplifier—or about the field-proven 501 Video Amplifier

had it running continuously during the recent WESCON
show. Our booth traffic indicator says that some 20,000
engineers saw it, heard it, and thought it sounded pretty
good. We know that lots of them can design a better

and 518 Voltage Comparator? Just ask. We'll get data
sheets and application notes to you...fast.

SIGNETICS

receiver with the same parts. That's their business. Ours
is making integrated circuits.

Want to know more about the Signetics' 510 Dual RF/IF
Amplifier? Send for a data sheet and a reprint of Ralph

INTEGRATED
CIRCUITS

A SUBSIDIARY OF CORNING GLASS WORKS

SIGNETICS SALES OFFICES: Metropolitan New York (201) 992-3980; Upper New York State (315) 469-1072; Southwestern (214) 231-6344; Western Regional (213) 272-9421; Orange County (714) 636-4260; Eastern Regional
(617) 245-8200; Washington-Baltimore (301) 946-6030; Mid-Atlantic (609) 858-2864; Southeastern (813) 726-3734; Midwestern Regional (312) 259-8300; Northwestern (408) 738-2710.

DISTRIBUTORS: Compar at all locations listed below. Semiconductor Specialists, Inc. (312) 279-1000; Terminal Hudson Electronics (212) 243-5200; Wesco Electronics (213) 684-0880; Wesco Electronics (405) 968-3475;
Hammond Electronics (305) 241-6601; Avnet Electronics Corp. of Massachusetts (617) 272-3060; Pioneer Standard Electronics Inc. (301) 427-3300; Kieruluff Electronics (206) RO 3-5510.

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349-1266. Compar Corporation at the following locations: Alabama (205) 539-8476; Arizona (602) 947-4336; California (213) 245-1172; California (415) 697-6244;
Colorado (303) 781-0912; Connecticut (203) 288-9276; Florida (305) 855-3964; Illinois (312) 692-4125; Maryland (301) 484-5400; Massachusetts (617) 969-7140; Michigan (313) 357-5369; Minnesota (612) 922-7011;
Missouri (314) 542-3399; New Jersey (609) 429-1526; New Mexico (505) 265-1020; New York (518) 436-8536; New York (607) 723-8743; New York (516) 921-9393; North Carolina (919) 724-0750; Ohio (216) 333.4120;
Ohio (513) 878-2631; Texas (214) EM 3-1526; Texas (713) 667-3420; Washington (206) 763-1711.

INTERNATIONAL SALES: France, Germany, Italy, Belgium, Holland, Luxemburg, Spain— Sovcor Electronique, 11, Chemin de Ronde, Le Vesinet, (S.-&0.) France. United Kingdom, Ireland, Sweden, Denmark, Norway, Switzerland,
Austria, Portugal —Electrosil Ltd., Lakeside Estate, Colnbrook-By-Pass Slough, Buckinghamshire, Great Britain. Australia— Corning, 1202 Plaza Building, Australia Square, Sydney, N.SW. 27-4318. Canada — Corning Glass Works of
Canada, Ltd., Leaside Plant, Ontario, Canada (416) 421-1500, Israel—Optronix, P.0. Box 135, Ramat-Gan, Israel 724-437. Japan—ASAHI Glass Co., Ltd., Corning Products Sales Dept. No. 2, 3-Chome Marunouchi, Chiyoda-ku, Tokyo, Japan
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Application: Fire control system
on our latest tactical fighter.

Problem: How to fit an analog/
digital data processor, two servo
systems, and a power supply
into a 10” x 8” x 6” box and still
not sacrifice reliability.

Solution: Thick film substrates
utilizing Minitan solid tantalum
capacitors.

Minitan subminiature solid tan-
talums are up to 75% smaller
than equivalent CS13 styles —
at no sacrifice in performance.
That’s why Minitans are speci-
fied on Poseidon, HARP, F-111,
Apollo, Saturn V and dozens of
other airborne and space sys-
tems.

Minitans operate reliably to
125°C, handle 130% voltage
surges, and withstand Method
106 moisture testing. Standard
tolerances are +20%, —+10%,
and +5%. DC leakage is typi-

Electronics | December 25, 1967

.
‘
L)

cally less than .01 uA per mfd-
volt. Impedance is below 10
ohms between 1MHz and
10MHz.
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Not only are Minitans substan-
tially smaller than CS13s, they
come in both rectangular and
tubular styles with either radial
or axial leads. For maximum IC
compatibility, gold plated ribbon
leads are a standard option.

Minitan subminiatures are avail-
able in 11 case sizes, working

how to

save space

in avionics
black boxes...

voltages to 35 volts, and capaci-
tance values from .001 to 220
mfd. A full line of non-polar
styles is offered for severe re-
verse DC bias applications.

Components, Inc. offers more
subminiature case styles and
ratings than anyone else. Our
products are designed in, not
added on. So we welcome re-
quests for samples, performance
and reliability data, and applica-
tions aid. Almost every catalog
part can be shipped in prototype
quantities within 24 hours.

---with
Minitan®

solid tantalum
capacitors.

e _I' COMPONENTS, INC.
MAINE DIVISION

SMITH ST. BIDDEFORD, MAINE 04005 TEL: 207-284-5956 TWX-710-229-1559
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WE'’RE THE 61st COMPANY TO SELL DRY REED RELAYS

(SO WE MUST HAVE SOMETHING SPECIAL TO OFFER YOU)

And we do. A complete line of dry reed  assistance early in the planning stages. handle even more of your relay

relays in both standard and miniature You see, we didn’t decide overnight requirements.

sizes. Single, double, and 4-pole to go into this business. We've been Write today for our new catalog of
designs. Plus—and here’s where we making relays since 1933, and have dry reed relays. And give “Number 61"
really separate ourselves from the today the world’s most complete line a try on your next circuit design

other 60—design and application of mercury-displacement and problem.

mercury-wetted relays. Now, we can
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THE ADAMS & WESTLAKE company

A sussipiaARy oF ALLIED pPrRoDUCTS CORPORATION

Elkhart, Indiana 46514 « 219 264-1141 « TWX 219 522 3102 » TELEX 25-8458 « CABLE ADLAKE
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Corsair’s 4 Pi
gets big plus

NASA'’s high hopes
deflated by LBJ

Pentagon anchors
Navy’s Omega

Washington Newsletter

December 25, 1967

The digital computer going into the Corsair 2 aircraft—the Air Force
A-7D and the Navy A-TE—was souped up by IBM before it delivered the
original unit. The upgraded version of the 4 Pi model TC—called TC 2
—may end up as an off-the-shelf machine in IBM’s growing line of
avionics equipment.

With a speed of 125,000 operations per second, the TC 2 is twice as
fast as the original model. The number of operations is based on 80%
add and 20% multiply and divide, which is expected to be the average
operational mix of the machine. IBM did this by boosting the computer’s
oscillator speed and increasing the memory’s 8-bit word length to 32 bits.

IBM, which wasn’t required to improve the computer, did so on its
own and offered the new version for the Corsair 2. The offer was
accepted and the company has just delivered the first units. Ling-
Temco-Vought is building the Corsairs and deliveries are slated to begin
late next year [Electronics, Sept. 4, p. 53].

NASA is in for harder times next year. Plans to pump more money into
the Apollo Applications Program and such new planetary projects as
Voyager are out the window as cutbacks in civilian space spending con-
tinue into fiscal 1969. Space officials now expect the White House to bar
them from asking for more than $4.2 billion. To make matters worse,
chances are that NASA won’t be able to commit much more than $4.2
billion of the $4.6 billion Congress approved this year. This is a far cry
from the $5.1 billion NASA requested last January.

The space agency had been hoping for at least $4.6 billion next year.
By keeping spending at this level and picking up $500 million from the
expected drop in spending on the Apollo lunar landing program—from
$2.6 billion to $2.1 billion—there would have been enough money to
give the Apollo Applications and unmanned planetary programs a big
boost, NASA officials say. But now, James E. Webb, NASA’s chief, says
he won't spend any money for these new programs unless there are
indications of a higher budget for fiscal 1970.

Navy officials seeking the Pentagon’s go-ahead for full-scale deployment
of the Omega navigation system got the answer they were afraid of get-
ting: approval, but no funding to implement it. As expected [Electronics,
Oct. 16, p. 69], the Defense Department’s reasons were based on the
crackdown on non-Vietnam military spending. And the Navy is pessimis-
tic about getting any funds in the fiscal 1969 budget to turn its limited
research and development system into an operational worldwide navi-
gation network.

The Pentagon told the Navy it could give Omega’s four present trans-
mitters “operational status"—whatever that means. As one Navy project
officer put it: “Your guess is as good as mine.” The very-low-frequency
transmitters, though officially listed as R&D installations, actually have
been operational for more than a year.

Had the Pentagon gone along with full-scale deployment, the Navy
planned to double the power of the transmitters and add other equip-
ment at these four sites. It also would have built four more transmitters.
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Backup range radar
back in Apollo plan

Comsat may be using
Hughes talks to spur
TRW Intelsat work

Panel mulls selling
of frequency space

Air traffic control
still up in the air

Washington Néwsletter

The way things stand now, the Navy says it would welcome an offer by
any other nation to build the transmitters.

NASA has had second thoughts about a backup system for the rendez-
vous radar on the Apollo lunar module. After ruling out the additional
equipment several months ago, as part of the effort to keep the lunar-
module’s weight down, the space agency recently decided it needed the
backup and is now going all out to get a system ready in time for the
first lunar landing.

RCA, which is also building the primary radar, has just delivered
preliminary design studies of the vhf-ranger to NASA. The ranging
system will share some hardware with the Apollo vhf voice/data system.
Keeping the weight down will be the biggest design problem. Ranger
electronics will be in the command module and must not weigh more
than 5.5 pounds; the lunar module transponder will weigh 3 pounds.

Comsat may be using its current talks with Hughes about buying an
upgraded version of the Intelsat 2 satellite to pressure TRW Systems
into speeding the development of Intelsat 3. At least that’s what observers
close to the scene are saying. The odds, they say, now favor Comsat stick-
ing with TRW and not buying the Hughes satellite as a backup.

TRW, which has been having problems building the satellite [Elec-
tronics, Dec. 11, p. 25], is now guaranteeing Comsat that it will deliver
the first Intelsat 3 by Aug. 15. But the company won’t promise that the
communications subsystem being built by ITT will be ready by this date.

ITT’s performance on the Intelsat 3 contract was a major topic at
the Dec. 15 meeting of Comsat’s directors. Comsat’s concern was shown
by a board decision directing top management to meet with Harold S.
Geneen, ITT president, to discuss ITT’s work.

Comsat is about to decide whether to gamble on TRW delivering the
complete satellite package in time for a Sept. 1 launch or to accept the
Hughes offer.

President Johnson’s telecommunications task force, hard at work after
months of wheel spinning [Electronics, Dec. 11, p. 67], is seriously con-
sidering proposals that users pay for frequency spectrum space and that
the international operations of U.S. common carriers be merged. The
plan for overseas consolidation has already been discussed, and its inclu-
sion in the group’s report would come as no surprise, but the idea of
selling frequency space is new and is sure to be hotly debated.

Industry is finding it difficult to determine what priority the Administra-
tion is giving air traffic control. The FAA still hasn’t set a firm date for
a pre-bidding conference to brief electronics companies on requirements
for terminal air traffic control equipment. Postponed several times from
its originally scheduled August date [Electronics, Oct. 16, p. 69], the
meeting is now slated for “sometime in 1968,” according to the agency.

Because the Budget Bureau has delayed the release of fiscal 1968
allocations, the FAA says “there’s no use in holding the conference until
we know how the pie will be cut.” The FAA had earmarked $7.8 million
for terminal automation in fiscal 1968, but that figure could be cut.

Electronics | December 25, 1967



ANY OF FIVE PROTECTIVE CIRCUITS
IN ONE EASILY OPERATED SWITCH

APL CIRCUIT PROTECTORS

Shunt trip provides you with several possibilities.
You can program an external shunt across the coil
to change trip level for different operating modes
of your equipment.
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Airpax APL circuit protectors are
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Obviously from Sprague Electric!

Higher CV product per cubic inch
than any other solid tantalum capacitor!

;

Red ovp®

Red Top® Capacitors are TOPS when your circuit
design calls for reliable, low-cost, commercial/indus-
trial solid tantalums for printed wiring boards, packaged
circuit modules, and other applications where minia-
turization is a must.

Their special construction employs a metal case and
plastic resin end seal, providing the price advantages
but eliminating the mechanical disadvantages often as-
sociated with molded capacitors, such as “off-center”
units with consequent “thin” walls, secondary cathode
connection prior to molding, and limited humidity
resistance.

SPRAGUE COMPONENTS

ature Solid-Electrolyte Tantalex” Capacitors

Red Top® Capacitors are ideally suited for today’s
circuit design requirements which demand filtering at
specific locations. Their small size permits “salting” or
“sprinkling” wherever needed:

With capacitance values that range from 68 uF to
.016 pF in voltage ratings from 2 to 100 WVDC,
Sprague Red Top® Capacitors are available with axial
or “single-ended” leads.

For complete technical data, write for Engineering
Bulletin 3536A to Technical Literature Service,
Sprague Electric Company, 35 Marshall Street,
North Adams, Massachusetts 01247,

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS

TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS

4sc-7138
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CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES
SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

—
Sprague’ and ' (@)’ are regi of the S Electric Co.
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December 25, 1967 | Highlights of this issue

Technical Articles

Integrated circuits
in action,

Part 8:

Spotting targets
on the wing

page 58

Forecast is cloudy
but warmer
page 71

European markets

In a radar that spots moving targets, signal sampling tech-
niques have always looked desirable but they have had to be
ignored because so many separate channels and individual
components have been needed. The use of integrated elec-
tronics changes all that by reducing the cost of components
so much that the number of components used no longer is a
limiting factor, nor is size. Using range gates and filters (so-
called rcF) constructed of 1C’s, engineers at General Electric
have designed an airborne moving target radar whose system
performance is very attractive.

Electronics’ reporters and editors in 13
countries examine the prospects for elec-
tronics markets in Europe and detail the
technological trends for 1968. The con-
clusion: the devaluation of the British
pound has added a confusing note to an
already cloudy picture. In general, how-
ever, prospects seem fine for Italy, West

' Germany, France, and Portugal; but there
is worry about recession in Great Britain and the Scandi-
navian countries. For the cover, Del Mulkey caught two
Frenchmen watching a demonstration of color tv. The success
—or lack of it—that color tv has may be the difference be-
tween good and bad years for the consumer electronics pro-
ducers of many European countries in 1968,

Electronics

Electronics market research manager Milton Drake inter-

report: 1968 viewed over a hundred companies, government agencies and
page95  industry associations to compile the most comprehensive sta-
tistics on European electronics markets ever published. This
year’s report analyzes markets in 11 countries.
Annual index  Annual subject matter and author index for technical articles
page 149 and news stories that appeared in Electronics in 1967.
Coming *Annual U.S. market report
January8 *Guarding against power fluctuation
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Avionics

Integrated circuits in action: part 8
Spotting targets on the wing

With a combination of silicon IC’s, thin films and discretes,
range gates and filters help eliminate ground clutter

in processing radar target returns

By Robert J. Berg and Paul N. Marshall

Defense Electronics Division, General Electric Co., Utica, N.Y.

Detecting a moving target from a moving airplane
is much more difficult than detecting such a target
from a fixed position on the ground. It’s like trying
to score a bull's-eye with buckshot, with both the
marksman and the target in motion.

In an airborne moving-target-indicator (AMTI)
radar the most difficult problem is to filter out the
moving target from the motionless clutter—the
unwanted echoes in which it is found.

At General Electric this is being done by a non-
coherent radar using range gates and filters (RcF),
a technique that until recently has been generally
ignored, In this approach, a moving target in clutter
produces a series of pulses whose amplitudes vary
according to the velocity of the target. A stationary
target produces constant-amplitude pulses.

The rcr approach to processing the radar’s de-
tected video i-f signal has been considered imprac-
tical because so many separate channels and in-
dividual components are needed. It is attractive
from the standpoints of system performance and
circuit design. But for airborne use, the radar
would be too bulky, unreliable and require too
much power.

These objections no longer are valid because of
the availability of monolithic integrated circuits
and hybrid thin-film technology. So many circuits
can be put on a single chip of silicon that size
is no longer a problem. Five separate range-gate-
and-filter channels fit on a printed circuit board of
the same size that previously held only one. In
addition, reliability of the 1c’s is high and over-all
power required is low. And by using a selection
of both digital and analog circuits made up of sili-
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con 1c’s, thin films, and discrete components, the
best possible characteristics can be obtained.

Most of the resistive elements are made of thin
films and almost all of the transistors are on mono-
lithic silicon chips. Discrete components are used
where power dissipation is high and where toler-
ances must be held within narrow limits.

With an rer video processor in an airborne mov-
ing target indicator, the system designer has more
flexibility than he has with other techniques in
shaping the clutter filter characteristics to match
the clutter spectrum. A filter with the proper
skirt selectivity, for example, minimizes the lower-
frequency doppler clutter returns from fixed targets
without degrading the higher-frequency doppler re-
turns from the moving targets.

Such filtering can be done in several ways. Early
approaches to Amrtrs used video and i-f delay-
line cancellers. These are still used in many sys-
tems. The delay line serves as a comb filter which
rejects the d-c components of the clutter as well
as energy near the radar’s repetition frequency
and its harmonics. Digital and storage tube proc-
essors may also be used.

Clutter filtering

But whichever type of processor is selected
the filtering process is basically the same. Thus,
in a noncoherent radar, in the simplified block
diagram, next page, the pulsed oscillator (usu-
ally a magnetron) and local oscillator need only
be stable enough to hold the mixed-down signal
of the i-f within the region of flat i-f gain. The i-f
amplifier must be linear because limiting would
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lose the doppler amplitude fluctuations. If large
dynamic ranges in signal level are expected, a
logarithmic i-f amplifier is needed. Usually, the
i-f amplifier is a combination: a lin-log amplifier.

The detector following the i-f amplifier is con-
ventional because the video signals resulting from
the detection of targets in clutter are like that in
any radar: the voltages are unipolar, varying at a
slow rate determined by the clutter fluctuation and
velocity of the moving target. The amplitude de-
tector acts as a mixer—a nonlinear device. Assum-
ing a dominant square-law nonlinearity, the output
time function is the input squared.

The power density spectrum in the frequency
domain of the detector output is made up of the
dominant, or zero-frequency, term and cross-
product terms. The amplitude of the first cross-
product depends on both the clutter and target
amplitudes. Thus, the power output, P, of the
square-law detector depends on the square of
the clutter and the cross-product of the target
and clutter amplitudes. It is given by:

2C? 4 2 CT cos wqt

The output of the detector differs according to
whether the target is seen in the presence of clut-
ter, or is in a clutter-free region, top page 60. Super-
imposed on the detected output in these figures is
the frequency response of an amt1 clutter-rejection
filter.

In the presence of clutter, the detector produces
the clutter product, C?, and clutter-times-target
product, C x T, centered in two bands about half
the pulse repetition frequency (PRF/2). With
the upper cutoff frequency of the amir filter at
PRF/2, the C? clutter return is rejected strongly.

However, when clutter is absent, the filter re-
jects the clear target, which is at zero frequency.
To prevent this, the clutter level is monitored and,
when it falls below a minimum threshold, the
aMmt1 video processor is automatically bypassed.
Targets are sensed as if the radar were of a con-
ventional design.

It's also necessary to prevent a strong target
in the clear from actuating the threshold deiector
—that is, the target must be routed around the
amtr video processor. This is accomplished by
designing the threshold detector so that it isn’t
actuated by level changes taking place in less than
one pulse width of the radar.

Range-gate filtering

The range gate filter channels follow the i-f
detector. There are many separate range gates or
switches, each followed by identical doppler filter
elements. Each gate opens at a time coinciding
with a prescribed range, and closes a short time
later. The result resembles that of a sampled data
system with a bandpass filter removing the clutter
between the input samples and the reconstructed
output, bottom, next page.

The width of each gate, or channel, is usually
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Definition of terms

C = clutter frequency spectrum
T = target frequency spectrum

wq = doppler target frequency in radians
wa = 2xfq
t = time
fa = doppler target frequency
2v
¥ A

where v = velocity of doppler target

A = wavelength of radar
c
kisey
where ¢ = speed of light

fy = radar transmission frequency
fi.f = frequency difference between transmitter
and local oscillator or radar system.

set to equal the pulse width of the radar. If
the width is small and the range large, a large
number of separate channels are needed to cover
the entire pulse-repetition frequency of the radar.

For example, an mrr radar with a pulse width
of 1 microsecond and a range coverage of 40 nau-
tical miles would need approximately 495 RrcF
channels. The number of channels is obtained
from the formula:

~ Range coverage (nautical miles)

nautical miles
microsecond

Pulse width (microseconds) X 0.081 <

A channel may have as many as 300 compo-
nents.

Each r¥c channel, page 62, includes a ring
counter stage which sequences the gating from
channel to channel in synchronism with a clock.
The counter triggers an input gate, actually part of
a boxcar circuit that stores the amplitude of the
sample pulse. Output of the boxcar then passes
through an active clutter-rejection filter having both
high-pass and low-pass sections. A net bandpass
characteristic results.

The steep high-pass slope rejects the low-fre-

ft
PULSED
M
ODULATOR S Rt MULTIPLEXER
fyefy  ANTENNA
LOCAL
OSCILLATOR MIXER
fe-fi-t
i-f
AMPLIFIER
2
INDICATOR fi-ttte
TNTT 4
| VIDEO - DETECTOR
PROCESSOR

Noncoherent AMTI. Video processor is added to
noncoherent radar system so that it will distinguish
moving targets amid clutter.
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Target in clutter. Detector input, top, coming from the
i-f in noncoherent radar, has target and clutter returns.
Detector output has clutter and clutter times target
products, bottom. AMTI filter, in color, removes clutter,
retains target information.

quency clutter components, while passing the
higher doppler frequencies from the target.
These are amplified and rectified so that the
signal is shifted to zero frequency. Thus, regard-
less of the target doppler, after rectification all
target signals can be integrated in a low-pass
filter. This filter improves the signal-to-noise ra-
tio by integrating the signal over the beam-
width of the radar system’s antenna.

Next follows a gating circuit that adds the
channel output to the video output line. The re-
combined synthetic video then contains only mov-
ing-target outputs.

Along with the ring counter, a redundant bank
commutator is used to prevent the loss of succeed-
ing blocks of channels, in case a flip-flop in the
counter should fail. In one specific design, when no
pulse arrives from the preceding channel, the com-

RADAR
PULSE

CLUTTER WIDTH

VIDEO DETECTOR
OUTPUT VOLTAGE

MOVING TARGET IN CLEAR

POWER TARGET
Jad T
Faad : . 7
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AMTI FILTER
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|

|
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2

PRF
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Target in clear. In a clutter-free region, input to the
detector from the i-f, top, contains only target data.
AMTI filter, in color, would reject the clear target
which, in the detector output, is at zero frequency and
at the repetition frequency.

mutator divides the clock pulses by 20 and initiates
the gating at successive blocks of 20 channels.

Boxcar

The sample-and-hold boxcar circuit quantizes
the range (time) into small intervals and samples
and holds the video waveform over the pulse
repetition interval. It also attenuates high-fre-
quency components and increases the attenuation
of the clutter spectrum at the prf lines.

For a moving target in clutter, the amplitude vari-
ation of the pulses appears at the output of the box-
car circuit. For a stationary target, since the ampli-
tude is constant, a d-c voltage appears at the
output. The boxcar, therefore, emphasizes the
modulation frequency and rejects the radar prf
and its harmonics.

Because of the steep rejection characteristics

MOVING TARGET IN CLUTTER

CLUTTER

CLUTTER

/

\Ju

\ CLEAR

k— RADAR PULSE WIDTH

’ i WL T

el s

el

|
I M T
I/ OVING TARGET

CLUTTER RESIDUE
0 M I Mt :

| TIME(RANGE)

Range-gate filtering. Separate range gates or switches open at a time coinciding with a prescribed range. Filters
following the gates pass the doppler return of the moving target, reject the clutter. Only the target appears at the

output, bottom, of this 31-channel processor.
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What’s an AMTI?

Moving target indicator (mrI)
radar systems discern moving tar-
gets in the presence of fixed targets
whose unwanted radar returns
may be many times stronger than
those of the moving targets. Their
operation is based on the fact that
there’s a doppler frequency shift
when signals are reflected from
moving targets. The doppler shift
of the return signal is proportional
to the velocity at which the target
moves.

An airborne moving target indi-
cator (amT11) has more difficulty
than a stationary w11 detecting
moving targets because the radar
itself is in motion. Its return signals
are doppler-shifted, just as those
of a moving target with the same
relative velocity. But the relative
velocity between the radar and tar-
get will usually differ from the re-
lative velocity between the radar
and clutter. The target may be dis-
tinguished from the clutter by this
difference in their doppler fre-
quencies.

Another difficulty encountered in
both M11 and AmTI radars is that
the scanning of the system’s an-

tenna modulates the clutter,
causing a spectral spreading in the
return. Spectral spreading of the
clutter is minimal, in the case of
an aMmTI radar system, when the
antenna points in the same direc-
tion as the aircraft velocity vector.
As the antenna moves off this posi-
tion, the spectral spreading in-
creases. This reduces the ability of
the amTi radar to distinguish
moving targets from fixed targets.
Further spectral spreading of the
clutter occurs in the processing of
a finite pulse train and in instabil-
ities of the radar itself (such as
amplitudes and frequency instabil-
ities, pulse and time jitter).

The three types of amti radar
most frequently used today are the
coherent, coherent-on-receive and
noncoherent systems. Depending
on the system, the frequency shift
due to the moving target may be
detected as a phase or amplitude
fluctuation.

In coherent and coherent-on-
receive systems, the principal con-
cern is with the phase information
of the doppler return. With phase
differences in the return signal to
be detected, it is important that
very stable reference signals, such

as the phase of the transmitter
signal, be preserved in the radar.
The coherent systems require,
therefore, highly stable perform-
ance from usually bulky oscillator
assemblies.

In the noncoherent amTI sys-
tem, amplitude information—not
phase—is used to detect the dop-
pler component produced by a
moving target. Highly stable oscil-
lators are not required. For this
reason, this system offers a simpler
approach. It's more attractive
where space and weight are
limited, such as in an aircraft. And
relying as it does on amplitude
detection of the doppler return,
the noncoherent amTI radar system
is much like conventional radar.

With special attention to fre-
quency, amplitude and time jitter,
a conventional radar may be used
as a noncoherent amti. The only
requirement is to add to the con-
ventional radar an AmTI video
processor. This processor cancels
out the clutter returns that are
present in the detected video out-
put of the radar. It acts as a dop-
pler filter, emphasizing the moving
or doppler targets, while removing
the fixed targets.

prf staggering must be used to fill in the moving
target speeds occurring around the prf. This in-
sures that doppler targets near the radars prf
will be detected. However, the staggering must
not generate frequencies in the filter passband.

The range, or video, gate switch, S, in the box-
car, bottom, page 64, must open for less than a few
hundred nanoseconds and have rise times as low
as 20 to 40 nanoseconds. Since the voltage to
which capacitor C is charged during the aperture
time must be held to within less than 1% droop
while the radar is turned off, all current-leakage
paths of the capacitor must be kept to a mini-
mum. The impedance of these paths must be
on the order of hundreds of megohms. This means
that capacitor C must be of very high quality
and the input impedance of the buffer amplifier
along with the off impedance, Rgy, should be
high over the temperature range of the equipment.
The on-impedance Rgp of the gating switch
should be small to achieve the rise times required.
To conserve power, the range gate circuit driving
switch S should have little or no standby current
during the interpulse period.

A linear gate switch that has low on-impedance
and high reverse off-impedance is the diode quad.
Ideally, in any microminiaturization program, trans-
formers and inductors should be replaced by re-
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sistors, capacitors and active devices. Theoreti-
cally, the diode quad could be driven by active
devices. But in most cases thermal drift problems
arise, resulting in large standby currents.

Thus it is more feasible to drive the video gate
switch with a transformer. Miniature pulse trans-
formers are available that will support the short
pulse-aperture time. A transformer confines the
switching currents to an isolated control path
and the standby power is zero.

In this area of the rcr channel, the 1c designer
has yet to produce a device that meets all the
requirements of a sample-and-hold circuit. To
date, there is no 1c that does so and, at the same
time, can be easily produced in large quantities.

The diode quads were first made from purchased
diode chips. No attempt was made to match them
and Jeakage currents presented a problem as tem-
perature varied. Matched diode quads will be
bought in the future from an outside supplier.

Clutter-rejection filter

The clutter-rejection filter (crr) is a bandpass
filter whose bandwidth spreads between the low-
frequency clutter spectrum and half of the radar
pulse-repetition frequency. For amrr radars, the
prr is usually within the audio frequency range,
so that the filter may be built from either lumped-
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Range gates and filters. Video processor for AMTI contains banks of separate filtering channels that are gated open
by the ring counter at times corresponding to precise range intervals.

constant elements or linear 1C’s.

At audio frequencies, an active resistor-capacitor
bandpass filter can be easily designed by cascad-
ing high-pass and low-pass filter sections. Break
frequencies can be readily selected and slopes can
be increased by adding filter sections.

Adjusting the lower break frequency of the
clutter-rejection filter compensates for the widen-
ing of the clutter spectrum as the antenna scans
across the aircraft’s ground track.

The crr can be built from silicon monolithic
ic’s, thin-film hybrids, discrete components, or a
combination of all three approaches. A monolithic
approach is perhaps the most desirable because
it takes up the least amount of room and should
be cheapest. However, silicon 1c resistors do not
yet have close enough tolerances to maintain filter
cutoff frequencies within =10%, which was re-
quired.

Four different kinds of elements were used in the
crrF. Arrays of four transistors on a single silicon
chip were built in-house. Three-by-three arrays of
transistors were purchased. Pico components were
used because the capacitances were so large that,
fabricated from thin films, they’d take up too much
room. Thin films were used for the resistors.

Low-pass and high-pass sections used in the
clutter-rejection filter are on page 65. The break
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frequency of the high-pass section can be varied
most easily by adjusting R; and R.. This is done
best with a continuously variable resistor that is
insensitive to temperature.

A field effect transistor was considered for the
voltage-variable resistor. It was rejected because
cutoff frequency was critical and operating tem-
perature would not be held constant. Unfortu-
nately, the field effect transistor did not have stable
enough resistance characteristics.

Precise thin film resistors were switched in, since
the break frequencies must be varied. The high-
pass filter is easily adapted to such switching. So
is the low-pass filter, but its characteristics are
varied only if the prf of the radar must be changed.

Amplifier and detector

The output of the clutter-rejection filter is
applied to an audio amplifier that brings the low-
level doppler signals up to the required level for
linear detection. The detector converts the bipolar
doppler signal to a unipolar signal. The amplifier
was built from linear silicon 1c’s and thin-film cir-
cuits. Operational amplifiers in silicon monolithic
form are particularly desirable because of the need
for zero offset with no input to the channel.

The detector was built from diode chips and thin-
film resistors.
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Integrator and output gate

The output of the detector was applied to the
integrator, which may be a simple rc filter or the
same type of low-pass filter used in the clutter-
rejection filter. Just as in the clutter-rejection low-
pass filter, the integrator may be constructed using
silicon 1C’s, thin-film techniques or discrete com-
ponents, or a combination of the three.

The output gate reconstitutes the video signal.
It has turn-on and turn-off times of the order of
10 to 20 nanoseconds. In the off state it has 40 to 50
decibels of isolation.

Diode and transistor chips were bought and
attached to thin-film resistor elements to make up
the output gates. However, off-the-shelf silicon 1c’s
could also be used. They are more economical than
custom-built 1C’s, particularly if quantities are small.
In a custom-built unit, the gate would take up only
part of the chip. Other sections of the rcr channel
would be included on the chip as well.

Logic

The ring counter, which sequences the gating
from channel to channel, was selected from the
J-K flip-flops available from many manufacturers.
High speed and noise immunity, coupled with low
power dissipation, were the major considerations
when the choice was made.

Texas Instruments’ SN5470 J-K flip-flop, as well
as an SN5400—a quad two-input gate—were used.
These are transistor-transistor logic elements. Syl-
vania’s Sunr I and II logic could be used too.

Each flip-flop was slaved to a master clock having

Super flatpacks. Each RGF channel fits on a 3 x 5 inch
circuit board with most elements housed in flatpacks.

Mother board. Five RGF channels fit on a single 5 x 7-inch
printed-circuit board.

Components used in an RGF channel
Discrete! Thin-Films [Pico | Silicon IC’s Transistors Diodes
R|C L T_ran- Diode R C | Digital | Analog | Silicon | Junc- | MOS- | Silicon
sistor bipolar| tion | FET
FET
Boxcar e e ! — 1 6 2 - — 2 — 1 4
trans-
former
Clutter rejection (4 |3 - 2 — 56 1% 4 2 = 5, £, L
filter (2x2) | (3x3)
tran- tran-
sistor | sistor
array | array
Amplifier and -3 - — — 7 - - - 1 — = = 2
detector
Integrator and —|1 — — — 3 — — — 1 - - - - 1
output gate
Logic —|—=] — = — — — 2 = — = — —
(ring counter)
Totals 8|8 1 2 X 72 13 6 3 3 — p ) 7
?é);r;g&rt\gpst'%)gggggggrg)ot include power supply decoupling elements Grand Total: 125 compone nts
1 External to super flatpacks
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Doppler filtering

CLUTTER
TARGET
A

2PRF

3PRF

t4 PRF-fg PRF PRF+fq

Frequency spectrum of detected video fed into the
range-gate-filter channel has the doppler target return
mixed in with the clutter.

PASS
BAND
1 | | ]
BRE/2 "< PRE

Ideal clutter-rejection filter has infinitely sloped skirts with
lower frequency cutoff set to reject clutter around zero
frequency, upper cutoff frequency set at PRF/2.

B I 1

r *

Idealized spectrum, after filtering, would contain target
information only.

Boxcar filter characteristic has nulls at the PRF lines.

Rm i

Actual filter characteristic combines responses of boxcar
and clutter-rejection filter, which has finite high-pass
and low-pass slopes.

Output spectrum of the filter channel has an unattenuated
doppler target return which appears with a clutter residue
due to the nonideal filtering.

H16H BOXCAR
VIDEO SWITCH R INBUT VIDEO
INPUT OUTPUT

o Ar IMPEDANCE
o]
3 [+

SWITCH CONTROL SIGNAL

—_—
PRF
Boxcar circuit. Linear gate switch is part of boxcar circuit

in this simplified schematic. Aperture times are less than
a few hundred nanoseconds.

a frequency of 10 megahertz or higher. Good
noise immunity is an obvious requirement to pre-
vent noise triggers from propagating down through
the counter. Low power dissipation is particularly
important because of the many separate channels
that make up the complete system.

Building the system

A hybrid approach, selecting the best compo-
nents from silicon 1c and thin-film technologies (see
table), was used to build the range gate and filter
channels. Most of each channel is packaged in two
king-size steel packages called “super flatpacks.”
Each flatpack measures 1.14 x .665 x .145 inches
high. This size was selected in part because it would
easily hold the % x l-inch alumina substrates on
which the thin-film components are placed. Silicon
ic chips and discrete components are also placed
iu the super flatpacks.

Nineteen leads feed out of each long side of the
superpack, which is placed on a small 2 x 3 inch
daughter board, top, page 63. Five of the small
boards, in turn, fit onto a larger 5 x 7-inch mother
board, the basic plug-in module of the radar,
shown just above the table on page 63.

Of the two packs making up an rer channel,
one contains the logic circuitry, the boxcar circuit
and three of the seven sections of the clutter-rejec-
tion filter. The other contains three more sections
of the filter, the audio detector and amplifier, in-
tegrator and output gate. A seventh (low-pass)
section is on the printed circuit board. D-c
coupled low-pass filter sections do not feed each
other to avoid adding up the offsets. Power supply
voltages are ==6 volts.

Not placed in the super flatpacks is the large pre-
cision resistor which sets the gain of the channel,
the transformer that is part of the boxcar circuit,
and one low-pass section of the crr filter. Large fre-
quency compensation capacitors—22,000 and 68,000
picofarads—required in the amplifier detector are
also not included. Neither are the decoupling com-
ponents for the power supply. These elements are
all placed on the printed circuit boards.

Each component used in the design was chosen
because it has the most favorable characteristics.
Thin-film resistors were used when low-tempera-
ture coefficients and close tolerance control were
needed.

Two materials were used: nichrome, with resis-
tivity of 200 ohms per square and 5,000 ohms-per-
square cermet. The size of the flatpack limited the
practical range of resistances that could be used:
from 20 to 10,000 ohms for the nichrome, and from
4,000 to 200,000 ohms for the cermet. Larger
values of resistance could be used but there would
then be room for fewer components in the flatpack.

Thin-film capacitors would have created a prob-
lem because they take up too much room. Also their
yield would have been too low. Discrete pico
capacitors were used instead. These devices also
have the advantage that thin-film resistors and in-
terconnection runs can be put beneath them. The
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Filter sections. Low-pass, left, and high-pass, right, filter sections which may be used in the clutter-rejection filter.
Characteristics of the CRF are adjusted by varying the number of sections.

only space they require is for their lead bonds.

Silicon 1c’s provided the high packaging density
for most of the active devices. Commercially avail-
able units were used except in one instance in the
clutter-rejection filter.

Assembling the channels

Standard assembly techniques were used to
fabricate the range gate and filter channels—the
active devices die-attached in place, the intercon-
nection wires from the chips to the substrate ther-
mocompression bonded. Each substrate in a super
flatpack has more than 75 interconnections.

However, in selecting the components and laying
them out, efforts were made to minimize both the
number of chips that had to be die-attached and
the number of electrical connections. Using the
silicon 1C’s for the logic and amplifying functions
did both of these things. But with separate silicon
chips, the clutter-rejection filter would have re-
quired too many die-attachments and interconnec-
tions; specially designed transistor arrays had to be

used instead.

The filter uses 12 individual amplifying and 16
individual bandwidth control transistors requiring
28 die-attachments in all if discrete elements are
used. Because the 12 amplifying transistors all
have common collectors, it was simple to fabricate
them in two 3 x 3 arrays, reducing the number of
die attachments from 12 to 2.

Unfortunately, the 16 bandwidth control transis-
tors did not have a common node. They were inter-
grated in four separate chips. Over-all, then,
General Electric’s in-house silicon 1c capability
was able to reduce the die attachments for the
complete active filter from 28 to 6, saving not only
a lot of space but assembly time as well.

But the in-house silicon 1c capability was only
one part of the total design approach: choosing
the best of the available 1c techniques to produce
a reliable, high-performance radar system. With
further advances in linear and digital silicon 1C’s,
and the use of beam leads, the rcr video processor
approach in an amtI will be even more attractive.

The authors

After six years of circuit design

in GE's Aerospace Electronics
departments electronic counter-
measures group, Robert J. Berg,
left, switched a few years ago to
radar engineering. There he designs
and develops microminiaturized
range-gate and filter video proces-
sors for ground-based and airborne
radars. As a project engineer in

his department’s microelectronics
development program, Paul N.
Marshall develops thin-film hybrid
and silicon integrated circuits for
both analog and digital applications.
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Circuit design

Designer’s casebook

Pocket-size analog computer
divides and multiplies

By Benjamin Shore

Airborne Instruments Laboratory, Deer Park, N.Y.

Now that operational amplifiers have been reduced
to the size of a TO-5 can, analog signals can be
accurately multiplied or divided in pocket-size cir-
cuits. The two input signals are combined by field-
effect transistors operated as voltage-variable re-
sistors for either multiplication or division.

The 0.1% accuracy of the circuits makes them
attractive as desk-top computers for solving differ-
ential equations with variable coefficients, for gen-
erating functions, or for breadboard simulation of
systems that can be reduced to an electronic ana-
log. The circuits are much faster than multipliers
that require bulky servoamplifiers and are more
flexible than analog desk-top computers that could
not multiply.

Input signals X and Y must be restricted to
voltages below the pinchoff voltage of Q, and Q.
—0.75 volt in the case of the MEM511A’s—so the
FET’s will operate as voltage-variable resistors. It
is assumed that the two transistors are matched in
the region below pinchoff, but it is not necessary

~Viret=Sv )
100k MC1531
INPUT S4q
X A1 [
0 10 BOTH FET'S
0.75v MEMS11A
Qs
P s
Q2 4.7M
INPUT He Az\
‘ Vout® kXY
0 T0 0.75v 100K MC1531 : 5

Multiplier. Current proportional to the voltage Y
flows through the drain-to-source resistance, Ras:.
Resistance Rus: is proportional to the voltage X.
Thus, an output voltage, kXY is produced.

Designer’s casebook is a regular

feature in Electronics. Readers are invited

to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.

for the two transistors to be linear.

Amplifier A; has a gain of 1,000 and drives sum-
ming point S; to zero potential. With junction S;
at zero, the currents into junction S; are equal.
Thus,

Ve X
L (1)

where Rgs, is the drain-to-source resistance of
transistor Q;. But —V,,s and R; are constant so
that

— Vit X 1

By o B o 5
where C; is a constant. Solving for the drain-to-
source resistance, Ry, yields

Rdsl o CIX (3)
Thus, the drain-to-source resistance of Qi, Rgq is
proportional to the input voltage X.

Resistance Ry, is not directly determined by in-
put X. The drain-to-source resistance of a FET is
established only by the voltage on its gate when
the FET is operated in the region below its pinchoff
voltage. Consequently, it is operational amplifier
A, that makes Rgs, proportional to input X. For ex-
ample, as X increases, the output current for A,
decreases, making the voltage at point P more
positive. As point P goes more positive, the gates
of Q; and Q. also go more positive; this causes an
increase in the resistances Rgy, and R, of the
n-channel rer’s. The increase in Rgs, compensates
for the boost in voltage at input X and maintains
a constant current from Q, into S; that exactly off-

R2

100k
INPUT
010 5, |42 S
0.73¢ MCI531 =5y

Divider. Voltage Y is divided by Ra.: and forms a
current proportional to the quotient Y/X. The quotient
is multiplied by feedback resistor R. and produces
output voltage KY/X.
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sets the constant reference current, —V;e:/R;, leav-
ing S; at zero volts. Since transistors Q; and Q-
are matched below pinchoff,

Rdsl o Rd52 e Rds (4)
Thus, a resistance proportional to the input voltage
X is introduced to the feedback loop of operational
amplifier As by Q.. The output voltage of A, may
be given by

NE
Vous = R—z (Rds) (5)
Inserting equation 4 in equation 5 yields,
o IY (Rds) = l 1
Vout S5 Rg o R2 (CJ]X)
G
= (X)) = kXY (6)

and multiplication of voltage X and Y is accom-
plished.

Division is handled in a similar manner. The out-
put voltage of the division circuit is

Y
Rds

‘Tout =3 (R‘-’) (7)
If equation 4 is inserted in 7, the output voltage

becomes

L A ¥Ry
‘out = Rds (RE) — ClX
BoploX X X

so that a quotient of input voltages X and Y is
produced.

Operational amplifier
overcomes voltmeter loading

By T.P. Kohler and E.H. Hudspeth

General Electric Co., Syracuse, N.Y.

Current drawn by an electrostatic voltmeter in high
voltage tests lowers the measured voltage and
consequently limits the accuracy of the measure-
ment. The 2% accuracy of a conventional electro-
static voltmeter causes a significant 200-volt error
in a 1-kilovolt measurement. A charge transfer cir-

cuit that precisely divides the high voltage and
protects the divided voltage from current drain
during test keeps measurement error within 0.5%.

The voltage division is accomplished by trans-
ferring the charge on a small, high-voltage ca-
pacitor to a large, low-voltage capacitor. The large
capacitor is the feedback capacitor of an oper-
ational amplifier. Any current drawn by the volt-
meter during test is replaced on the capacitor by
the amplifier.

The voltage to be measured, V;, charges capaci-
tor C; when the switch S;, is moved to position A.
Corona losses are avoided with rounded contacts
on both the swinger and position A. By using a
glass, oilfilled capacitor for C;, the error intro-

—"o

AN\
30k Cz 53
e
LAY
ANALOG DEVICES
MODEL 120
R
+10ky 2 INPUT OUTPUT
s 'AVA" =
10M

GROUND

o 51 G
l A B
LOAD
3
4 v, == 0
2 % 0.002f
100M

Ry

OPERATIONAL
AMPLIFIER V, | DIGITAL

VOLTMETER

~

Voltage conversion. The 1,000-to-1 division of the high voltage, when the charge on C. is transferred to C., allows

the digital voltmeter to measure at 0.05% accuracy. The
replaced on the capacitor by the operational amplifier.

insignificant current drawn by the digital voltmeter is

Electronics | December 25, 1967

67




duced by dielectric losses is eliminated.

To measure the voltage under load conditions
switch S, is moved to the load position. The value
of R, is determined by a calculation when the de-
sired load current is known.

When S, is moved to position B, the charge on
C, is completely discharged into the input of the
operational amplifier. The resistor R, is placed
in series with amplifier to slow the current flow
and insure response of the amplifier, The output
current of the operational amplifier—equal to the
input current—accumulates on C, and charges it
to a voltage, V., that is related to V; by

V., =

The voltage, Vs, is measured by a digital voltmeter.
Since the discharge of C. during the measurement
is replenished by the operational amplifier, Va2 re-
mains permanently accurate. The voltage V. is
removed from the capacitor by closing switch Ss,
thus allowing the engineer to make further meas-
urements.

Since the Cs/C; ratio is involved in the calcula-
tion of Vi, it is precisely determined by placing
a standard voltage on C; and measuring the voltage
on C, after current transfer.

Feedback protects amplifier
during load failures

By George S. Lehsten

Alpine Geophysical Associates, Inc.
Norwood, N.J.

Inductive feedback added to an audio amplifier pre-
vents breakdown and thermal runaway from occur-
ring in the output power transistors during extreme
load changes. By limiting the operation of the am-
plifier’s driver stage when shorts and opens appear

on the output, the feedback loop keeps drive cur-
rent from reaching the base of the power transis-
tors. The power transistors are back-biased when
no drive signal is present. Thus, the destructive col-
lector current that accompanies a short or high volt-
tage is prevented from flowing.

A short in the output is reflected by the feedback
winding into the driver input where it lowers the
bias of the driver transistors, Q; and Q.. Instead of
operating class A—the desired bias condition at
full power output—the driver transistors now op-
erate class B, permitting only half of the input sig-
nal to be amplified. Resistors R; and R., selected
with a nominal 200-ohm load on the output, must
have values that place the negative peak of the

Qy
i T 2N1100
Dy
1N2995
R
A/
18 0.3
OUTPUT
0.5
v
R,
AN D2 03 FEEDBACK
1N2995 WINDING
18
Qp FUSE
2N174
2N1100

Breakdown protection. Feedback circuit, indicated by heavy line, reflects high impedances and shorts into
the emitter-base circuit of the driver stage. Signal level and biasing in the driver stage are now affected

by load charges.
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input signal close to cutoff. Response of the circuit
to output shorts is therefore quick, since the dis-
tance the bias point moves to cutoff is relatively
small.

An open circuit, usually sudden, causes a voltage
many times greater than the supply to appear at the
collector of the power transistors. This open is re-
flected into the driver-base circuit as a high imped-
ance that reduces the input signal to zero. Since a-c

amplification is not taking place in the driver stage,
no drive signal is delivered to the base of the power
transistors, Consequently, the base of transistors
Q; and Q- remains at ground potential and the tran-
sistors are prevented from conducting heavily dur-
ing the inductive kick.

The zener diodes, D; and D, are placed in the
base circuit of the power stage to prevent emitter-
to-base breakdown when high input signals occur.

Varying capacitor charge-up
controls multivibrator’s range

By Lt. D.H. Reese, Jr.
11th Coast Guard District Office, Long Beach, Calif.

An astable multivibrator’s frequency can be varied
over a wide range by controlling the charging cur-
rent through its cross-coupling capacitors. The os-
cillator is designed as a source of frequency-mod-
ulated pulses and maintains good modulation line-
arity even though the f-m control signal deviates as
much as 20% from its carrier frequency. If the
control circuitry is modified slightly, the multivibra-
tor’s pulse rate can be linearly varied from a point
near shutoff to its maximum frequency by adjusting
a d-c control voltage.

Constant current transistors Q; and Q)’ control
the frequency of multivibrator Q;-Q- by determin-
ing the size of the charging current through cross-
coupling capacitors C; and Cs; an increase in charg-
ing current speeds up the charging of C; and Co,
raising the output frequency. The charging current,
I., through current sources Q3 and Qy’, is controlled
by transistor Q; which functions as a voltage vari-
able resistor in the emitter branches of Q; and Q5.
Transistor Q, responds to changes in its base cur-
rent Iy, produced by the modulating signal, enoq.
Thus, the expression for charging current I. may be
written as:

= Imax — ag (hfe4 " il)4),

where Inax = Vee — (Vaa 4+ Vieg)/Ra

An output carrier frequency of 100 kilohertz with
a maximum linear swing of =20 khz is obtained
with the component values shown. Greater fre-
quency deviations produce some loss of linearity.
The circuit also performed equally well when sine,
sawtooth or squarewave modulation were applied to
the base of Q4. In all cases, the output waveform

showed very little degradation from the modulating
waveform when detected by an extremely linear
digital discriminator.

Large changes in carrier frequency can be
achieved by changing the value of C; and C., and
small changes can be attained by varying the values
of resistors R; and R/, or by adjusting voltage di-
vider Rs-Ry.

The control circuit can be modified to permit d-c
control of the multivibrator’s frequency over vir-
tually its entire operating range; this may be done
by replacing capacitor C; with a short circuit and
choosing resistors Ro, Rz and Ry so that Qq is off
when eneq equals zero volts. In addition, the circuit
may be adapted to perform pulse-width modulation
by controlling the charging current to only one of
the cross-coupling capacitors, C; or C..

Oscillator. Modulation signal em.a determines the current
level through current sources Qs and Qs'.
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If you took all

the other transducer
manufacturers

and put them together,
what would you get?

The next best source to CEC.

Simply because:
CEC makes more transducers than anyone else.

CEC makes more different types of transducers than
anyone else, (i.e.: pressure, temperature, vibration,
acceleration — low and high impedance — with systems
and backup signal conditioning for each).

All CEC transducers are constantly available.

CEC is experienced and staffed to create what is not
available.

CEC introduced miniature electronics to save space,
weight and the need for additional components.

Only CEC offers complete systems capability in all areas
of measurement.

Only CEC offers a nationwide sales organization — all

70 Circle 70 on reader service card

transducer specialists — so that you may rely on a qualified
company engineer instead of an outside representative.

But don’t think we don’t appreciate our competition. We
do. Because who would respect a leader without followers?

For further information about CEC transducer products,
write Consolidated Electrodynamics, Pasadena, Cali-
fornia 91109. A subsidiary of Bell & Howell. Ask for
Transducer General Catalog 1322-X6.

CEC/TRANSDUCER PRODUCTS
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European electronics markets: 1968

Forecast: cloudy but warmer

Questions raised by Britain’s devaluation and Germany's incipient
economic upturn make prospects hazy, but electronics appears
in for a year of solid growth despite sluggish consumer sales

Western Europe goes into 1968 doubly at sixes and
sevens, Britain faces a long bout of deflation and
doubt as a result of November’s devaluation. And
as Britain goes, so go—to some extent—the econo-
mies of all seven members of the European Free
Trade Association.

In the six-nation Common Market, by contrast,
there’s guarded optimism about the key economy,
West Germany’s, after a year a recession, Business
in Germany seems headed up and the rise there
inevitably will bolster neighboring Belgium, Lux-
embourg, and Holland. The French and Italian
economies kept climbing even while Germany’s
languished and they should advance again in 1968.

No one yet knows whether—much less when—the
strong measures taken by Britain can cure her ail-
ing economy. And it may be late next year before
the West German economy settles into a sure up-
trend. Such are the uncertainties that make market
forecasting for 1968 unusually chancy.

That understood, Electronics magazine projects
an over-all electronics equipment market of $6.4 bil-
lion next year in the 11 countries surveyed in detail,
up about 6.5% from this year’s estimated $6 billion.

For all the economic uncertainties, the forecasts
seem a sure guide to the sectors least likely to suc-
ceed. Despite the coming of color in Britain, France,
and West Germany, there is little luster in the out-
look for consumer electronics. That hurts, because
radios and television sets are a mainstay of the
market. Nor can makers of communications equip-
ment count on much growth. Producers of industrial
electronics, too, won’t do as well in 1968 as they
did in the years just before the slowdown.

A year ago, television-set makers figured the com-
ing of color would touch off a spurt in their sales in
1968. Now most don’t see the big lift coming until
the early 1970’s. Meanwhile, sales of black-and-
white sets continue to dwindle. Largely because of
this drop in the monochrome market, the forecast
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is for a middling rise of 4.5%—to $1.7 billion—in
consumer electronics sales. Color-tv sets will ac-
count for only $180 million of this total with most
of the sales coming in Britain and Germany.

By and large, businessmen have been leery of
committing themselves to heavy new plant invest-
ments during the slowdown, The industrial elec-
tronics equipment market, as a result, won’t ad-
vance at the pace it held in the early 1960’s. The
forecast: $1.1 billion in 1968, a gain very near 6%
from this year’s sales. The big customers for com-
munications gear are governments and most are
holding the line on spending. Thus there’ll be only
slight growth in the communications sector, with
sales edging up next year slightly less than 4%
from this year to around $1.5 billion,

But there seems to be no checking the fast-grow-
ing computer industry. Its sales in the 11 countries
surveyed will surge next year as before. The fore-
cast: a $1.3 billion year, a solid 15% rise from 1967’s
estimated business.,

West Germany remains first among West Euro-
pean consumers of electronics hardware. The coun-
try’s consumption in 1968 should edge just above
the $1.7 billion level, according to Electronics maga-
zine’s survey. France holds the number two spot
with a projected market of $1.3 billion, Credit
France’s position largely to the hardware that Pres-
ident de Gaulle needs to back up his policy of tech-
nological independence.

Actually, Britain would be on a par with France
as a market had the pound sterling not been deval-

ued in November. At the new
rate of exchange—$2.40 to the
pound—the 1968 British mar-
ket is put at $1.15 billion.
All the figures for the Uni-
ted Kingdom, Denmark, and
Spain have been revised
downward to reflect these
countries’ new exchange rates,
but no further changes have
been made to reflect the fur-
ther impact devaluation may
have.

As for components, sales
next year should expand at
the rate of the equipment mar-
ket—6.5%—to $2.6 billion in
the 11 countries. The figure
includes all the hardware that
goes into equipment built for domestic markets
and for exports as well,

Here again, West Germany is the leader. Its in-
dustry will go through $689 million worth of compo-
nents next year, according to the forecast. But be-
cause British electronics producers export heavily,
they’ll best the French in components consumption.

Prospects for the various categories of compo-
nents—with two exceptions—are for steady growth.
Sales of integrated circuits, though, will soar to
$48.6 million, nearly twice the estimated figure for
1967. And the market for receiving tubes will con-
tinue its slow decline.

Signs of German economic resurgence
point to industrial electronics spurt

Anxiety is on the wane in the West German busi-
ness community.

After a rough year of recession, there are signs
that the economy is picking up. Consumer spend-
ing has taken an upturn—albeit slight. At the same
time, unemployment has started to ease (during
the long postwar “economic miracle,” West Ger-
man economists almost forgot what the word
meant). And convinced that the economy will be
on the rebound next year, businessmen are putting
more money into new plant equipment.

Pundits in Bonn expect to see the convalescent
economy restored to reasonably good health during
the second half next year. They say the country’s
output of goods and services should be expanding
at a respectable rate of 3% or more yearly by the
end of 1968. Growth like that would have rated
as pretty poor during the boom years of the early
1960’s, but coming after a year of stagnation, it’s
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being heralded as the beginning of a new wave of
expansion.

All this points to a turn for the better for the
West German electronics industry. Like just about
every kingpin sector of the economy, electronics
fared poorly this year. The lackluster domestic
market held the industry’s growth to about 2.5%,
a far cry from the 4% to 6% most expected. For
1968, Electronics magazine forecasts a market of
$1.7 billion, a comfortable rise of 55% from the
estimated $1.6 billion of 1967. And although it
will be months before the full impact of last
month’s devaluation of the British pound can be
accurately assessed, the prevailing first impression
is that it will have little effect upon West German
electronics markets.

To be sure, next year’s gain won’t be made
across the board. Some markets don’t figure to perk
up until late in 1968. Radio and television-set
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market forecasts
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Nuclear instruments and equipment

Production, control
and other equipment

Test and measuring equipment

Components

makers in particular don’t see much chance of an
upturn before midyear. And the outlook for
avionics firms depends in large measure on how
soon the government of Kurt Georg Kiesinger
orders the next batch of planes for the Luftwaffe
and navy.

But producers of computers will go into 1968
running strong. And sales of industrial electronics
hardware seem due for a mild spurt in the spring.
By then the effects of the $1.8 billion pump-
priming effort launched by the Kiesinger govern-
ment this year should begin to show.

An early lift also looks likely for components
manufacturers, good news for them after nearly
two years in the doldrums.

Keen for computers

With West German industrialists preparing for
a rise in the country’s economy, the sectors of the
electronics market most likely to succeed hand-
somely are computers, control systems, and pro-
duction equipment. To cash in on the expansion,
businessmen will spend heavily to boost their pro-
duction capacity. But bigger plants are secondary;
most of the money is earmarked for hardware to
increase productivity. “Between 60% and 70% of
all capital investments is expected to go for mech-
anization and rationalization,” says Siegfried
Bergmann, an economist for the Central Associa-
tion of the Electrotechnical Industry, West Ger-
many’s electric-electronics trade association.

The push by industry to streamline its operations
means a good year for manufacturers of computers
and production equipment. Electronics magazine’s
survey indicates a market jump of nearly 11% next
year from 1967 to a total around $639 million.

As in past years, computers will be way out in
front. The survey puts next year’s market at $347.5
million, up sharply from an estimated $298 million
this year. Market watchers see no sign that the
demand for data-processing equipment is topping
off, and they predict an annual growth of 20% or
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so for at least another five years.

To keep up with the demand, computer com-
panies are expanding their staffs and production
facilities. The International Business Machines
Corp., far and away the German market leader,
plans to add 1,300 workers to the 1,700 already
employed at its computer plant in Mainz. Siemens
AG, second right now but making big strides, will
go into 1968 with 5,600 people assigned to its com-
puter effort. About the only sour note in this sector
is a growing shortage of computer engineers and
programers.

The forecast for business-computer sales next
year is $212 million. Relatively inexpensive ma-
chines apparently will account for the largest share
of the market as small and medium-size German
companies turn to electronic data processing. “It’ll
be the small-system maker who’ll have good pick-
ings next year,” says a computer industry spokes-
man.

U.S. companies will, as usual, dominate the Ger-
man computer market. Ism alone will take about
two-thirds of the 1968 sales. But other U.S. firms
will have to hustle to hold their shares. Siemens,
Germany’s leading electronics producer, has of late
become a tiger. “The progress that company has
made is astounding,” comments an executive of a
U.S. competitor. Siemens and an affiliate, Zuse
KG, have cornered about 10% of the domestic
computer market.

Another company moving into contention is
AEG-Telefunken, which expects to deliver at least
four of its large TR 440 computers next year at
prices of between $2.5 million and $5 million
apiece. Another score or more of TR 440’s will be
delivered by 1972, say Telefunken marketing men.
The company is also counting on a lift from its new
TR 8 line of small machines, introduced this year.

Both Siemens and Telefunken stand to get a
leg-up from the government. Under a five-year
plan that starts in 1968, the Ministry for Scientific
Research will dole out $75 million to help German
firms develop computers that will come on the
market in the early 1970’s. In addition, the Econo-
mics Ministry has earmarked a five-year total of
$94 million for low-cost, long-term loans to finance
machines now in development.

Controls coming up

Although there’s nothing like the computer boom
in the offing for producers of controls and indus-
trial equipment, fallout from the general German
drive for higher productivity should push 1968
sales in this sector of the market to $292 million,
up 4.7% from this year’s estimated $279 million.

A surge is expected in sales of numerical con-
trols for machine tools. Some Nc makers say the
market will hit $7.7 million in 1968, a third higher
than this year’s level. Helmut Melcher of the As-
sociation of German Machine Tool Manufacturers
puts the country’s output of Nc machine tools next
year close to 400 units, a gain of 100 from this
year’s total. Between 40% and 45% of the German-
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made machines will be exported. At the same time,
some 20% of the German market will be covered
by imports, mostly from the U.S.

Another market that seems poised for a takeoff
is city traffic-control equipment. Big cities that
have tried computer-controlled stoplights on a
small scale have begun to add more intersections—
and computers—to their systems. And smaller
cities are following suit. Bremen, Heidelberg, Heil-
bronn, and Nuremburg, for example, will have com-
puters controlling traffic lights next year. Siemens,
the front-runner in this sector, has already logged
20 orders for traffic-control computers.

Gains are also in store for teaching-machine
makers. Peter Koehler, who manages the educa-
tional electronics operation at the German sub-
sidiary of Switzerland’s Brown, Boveri & Cie.,
predicts that anywhere from 500 to 700 language
laboratories will be sold next year—at a total price
of from $5 million to $7 million. By the early 1970’s
though, the figure is expected to spurt to $60 mil-
lion or more for hardware alone. And for every dol-
lar’s worth of hardware, there will have to be about
$10 worth of software.

Counting on color

Hard hit by this year’s lull in consumer spending,
producers of television and radio sets should fare
slightly better in 1968. Electronics magazine puts
the consumer electronics market at $454 million,
up about 3.5% from 1967.

The gain won’t be seen until late in the year,
however. “The standstill will last until mid-1968,”

says Horst Schikarski, manager of product plan-
ning and market research for Kuba-Imperial, a sub-
sidiary of the General Electric Co. Few in the in-
dustry would quarrel with Schikarski’s assessment.

As in past years, black-and-white tv sets will be
the mainstay of the market in 1968. But the bell-
wether for the year will be color-tv sets. With
monochrome sets selling for as little as $100, profit
margins are scant. “Nobody is making much
money anymore in the black-and-white receiver
business,” concedes one industry official.

Contrary to expectations, the start of color-tv
broadcasts this summer didn’t throw black-and-
white sales into a tailspin. When consumers saw
the price tags on the color sets—generally $550 or
higher—most decided they had monochrome
pocketbooks.

As a result, predictions of 1968 color-set sales
vary considerably. Some manufacturers figure on
a market as low as 150,000 sets. But Kuba sees a
chance for sales of 250,000 to 280,000 sets, and
CGrundig-Werke GmbH thinks that the figure
could run as high as 300,000. Under conditions that
make economic seers queasy, Electronics magazine
forecasts a color market of $80.5 million in West
Germany next year.

There’s a general feeling in the industry that set
prices will have to drop before the color market
can move up sharply. So far, producers have con-
centrated on 25-inch sets, but most will have 21-
inch sets on the market next year, probably at re-
tail prices between $400 and $450. Some say that
the 2l-inch sets will account for 60% of the

In the cloverleaf. Traffic-control market is on the rise in West Germany as medium-size
cities—Ilike Nuremburg here—shift to computer-controlled traffic-light systems.




color-television market next year.

Programs rival prices as a market factor. Burk-
hard Wiesmann, general manager of the consumer
electronics division at Standard Elektrik Lorenz
AG, maintains that the number of hours of color
programs, more than anything else, will determine
next year’s color market. “Unless there’s more than
eight hours a week,” he says, “the 300,000-unit
mark will not be reached.”

An eight-hour weekly ration of colorcasts, how-
ever, is what the two government-run tv networks
will serve up until October of next year. At that
time, each will boost its color programing from four
hours to eight or 10 hours.

As for radio sets, the situation is saturation and
the market will, at best, mark time next year. Elec-
tronics magazine predicts that sales of phono-
graphs and radios will reach about $129 million,
down slightly from this year’s estimated total. A
continuous slide in sales of portables is the main
reason for the expectation of a small over-all down-
turn.

The market for tape recorders, on the other hand,
will increase by 5% to 10% from this year. The
forecast is for $22 million of sales, with small
casette recorders coming on strong.

Integrated circuits will remain a rarity in con-
sumer electronics during 1968. A few 1c’s did turn
up this year. Blaupunkt-Werke GmbH started sell-
ing a tv set with an 1c in the i-f stage of the sound
channel, and Deutsche Philips is marketing the 1c
pocket radio developed by its parent company,
Philips” Gloeilampenfabrieken of the Netherlands.
Next year will undoubtedly see the introduction of
a few more sets with 1c’s, but until integrated-
circuit prices go down, there’ll be no massive
swing away from discrete components.

Keeping posted

Communications-equipment makers can look
forward to a 1968 market of $427 million, according
to Electronics magazine’s survey, up only a scant
$5 million from 1967. Nonetheless, producers of
communications gear are facing the new year with
optimism. Their biggest customer, the Federal
Post Office, had its budget trimmed by 15% a year
ago. This year, the post office picked up $120 mil-
lion of the Kiesinger government’s pump-priming
money, and its 1968 budget earmarks some $623
million for hardware, much of it electronic.

Next year, the post office will put into service
its fourth small semielectronic exchange, already
installed near Stuttgart. No more orders for small
exchanges are in the offing, however. The post
office is emphasizing development of an advanced
large electronic exchange built around integrated
circuitry, but this equipment won’t go into service
until the mid-1970’s.

Another long-range development program in the
works centers on pulse-code-modulation systems.
The post office next year will evaluate pcm proto-
types built by Siemens, Standard Elektrik, Tele-
funken, and TeKaDe-FGF,
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Prospects for avionics producers hinge on the
Kiesinger government’s decisions on aircraft pro-
curement. There’s a good chance, many in Bonn
think, the Defense Ministry will close a deal early
in 1968 for 200 or so Phantom F4 jets. Much—if
not all—of the avionics equipment for the Phan-
toms almost surely will be built under license by
German firms. But until the deal is firm and deliv-
ery dates set, avionics manufacturers won’t know
where they stand.

The outlook for space electronics, on the other
hand, is better than ever. Under a five-year pro-
gram running through 1971, the Ministry for Scien-
tific Research plans to spend some $457.5 million
on space projects. Another $47.5 million may be
pumped into the program between 1969 and 1971
if the government’s finances can cover the added
expenditure. The total—$505 million—would be
about four times the amount West Germany spent
on space during the past five years. As before,
about 30% of the total outlay will go for electronics
equipment.

With the additional money will come new em-
phasis on national projects in the West German
space program and on the Franco-German Sym-
phonie communications satellite. High on the list
are a trio of Azur research satellites and a series of
solar probes.

Surge for IC’s

The upswing in West German electronics mar-
kets in sight for next year will shake the country’s
components industry out of its torpor. The outlook
in this sector is for $689 million sales in 1968, a
5.3% advance from 1967.

Semiconductor producers figure to do best. The
market for diodes, transistors, and integrated cir-
cuits should come close to $90 million next year,
ablout $10 million higher than this year’s estimated
sales.

By far the fastest growing sector will be inte-
grated circuits. Electronics magazine’s survey puts
the market at $7.6 million; some in the industry,
though, see sales going as high as $12.5 million.
Some 60% of these 1c’s will wind up in computers
and industrial equipment. Another 30% will go
into military and space equipment, leaving just
10% for consumer products.

With that kind of parceling, digital circuits
dominate and will for a long time to come. But
linear 1C’s, especially monolithics, have started to
catch on. Last year, about 150,000 linear 1c’s were
sold in West Germany, and the figure is expected
to double in 1967 and double again in 1968. Valvo
GmbH, another Philips subsidiary, predicts that
some 2 million linear 1c’s will be sold in 1970.

Some Japanese firms have tried to cut them-
selves into the fast-growing 1c market, but they’ve
been virtually shut out by German producers and
the U.S. companies on the scene. As a result, the
Japanese apparently will change their tactics and
push products with 1c’s in them rather than the
devices themselves,
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Toujours le meme, de Gaulle’s drive
for independence boosts French market

President de Gaulle’s determination to deck France
out in the trappings of grandeur will keep the coun-
try’s electronics industry thriving in 1968.

Great are the general’s aspirations for France
and great his gift for expounding them. Equally
great is his need for hardware to give substance to
his dreams. Some two-thirds of next year’s hard-
ware sales—consumer goods excepted—will be to
the armed forces, government agencies, the nation-
alized public utilities, and government-owned com-
panies,

Electronics magazine forecasts a market next
vear of $1.3 billion—not including components—a
6% surge from 1967 that will establish France as
Western Europe’s second biggest market, behind
West Germany but ahead of Britain. As yet, the
French don’t expect any significant repercussions in
their own market from Britain’s November devalua-
tion.

Along with a strong domestic market for military
and industrial equipment, the electronics industry
will go into 1968 bolstered in other ways by de
Gaulle’s drive for economic independence. Often
after government prodding, always with its bless-
ing, French firms have been joining forces to com-
pete on a more equal footing with U.S. and West
German giants,

Next year, for example, two of the Big Three in
French electronics—Compagnie Francaise Thom-
son Houston-Hotchkiss Brandt and CSF-Com-
pagnie Générale de Télégraphie sans Fil—will start
stitching together their 100-odd subsidiaries and
affiliates. The year should also see a major merger
of semiconductor makers and possibly a shakeout
among producers of television and radio sets.

French electronics

market forecasts
(millions of dollars)

1967 1968

1,232.7

Consumer products 350.0

Medical equipment 24.5

Communications 329.4

Computers and related equipment 227.2

Nuclear instruments and equipment 20.6

Production, control

and other equipment 192.2

Test and measuring equipment

88.8

Components

505.0
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For the set makers, though, the urge to merge
stems mainly from the state of the market. Although
color tv has come to France, it has yet to spark
sales and the consumer electronics sector is in for
a dismal year.

French components makers, too, have their wor-
ries. Components sales will keep pace with equip-
ment sales, but U.S. companies figure to make
further inroads, in semiconductors particularly,
through their French subsidiaries.

Martial plan

In its 1968 defense budget, the de Gaulle govern-
ment has put down $2.6 billion for new equipment,
nearly half of it for the force de frappe, the coun-
try’s nuclear striking force.

De Gaulle already has a costly enriched-uranium
plant to supply the makings for the bombs and the
Mirage IV bombers to deliver them. These two
items gobbled up big chunks of France’s defense
money in recent years, so the strong advance in
electronics hardware spending next year will come
even though the over-all rise in the defense-equip-
ment budget will be slight—about $150 million.

The bombers will provide a major market for
avionics makers next year. Csr has a contract to
refit the Mirage IV’s with its Cobra low-altitude,
side-looking radar, and Le Matériel Téléphonique,
a subsidiary of the International Telephone & Tele-
graph Corp., will equip the aircraft with tactical
air navigation distance-measuring equipment.

And the Mirage IV’s represent just the first gen-
eration of the strike force. The air force and navy
have started putting together the second and third
generations: ground-to-ground ballistic missiles
tucked in silos and missile-carrying nuclear sub-
marines,

Air force plans call for a total of 27 intermediate-
range missiles located at three silo sites in southeast
France. Each site will have extensive tracking and
control equipment; the first is scheduled to be in
service by 1970. Next year’s spending for the silo
sites and the Mirage IV retrofit add up to $116
million.

The navy’s 1968 budget earmarks $152 million for
work on the first two nuclear subs (four have been
authorized and a fifth very likely will be added
next year). Much of the 1968 money is tagged for
missile inertial-guidance systems. SAcem has the
contract for the guidance platforms and Elec-
tronique Marcel Dassault the order for the on-
board computers. To communicate with the nuclear
submarines—the first of which is slated to go into
service in 1970 with the next two following at two-
year intervals—the French navy plans two very-
low-frequency broadcasting stations, The contract
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Postmark. High-capacity microwave link between
Paris and Bordeaux marks new approach for French
post office, which so far has stuck largely to

cables for trunk lines in its telephone system.

for most of this hardware will almost certainly go
to Thomson-Houston.

Heavy emphasis on the striking force, which like
all ambitious military projects will cost more and
come later than its planners figured, has relegated
the army to a back seat. Its only new major hard-
ware is the AMx-30 tank, currently coming off the
production line at a rate of 10 a month. The tank’s
chassis will be adapted to serve as a mobile launch-
ing platform for a nuclear-tipped tactical missile
called the Pluton. Because of the spending on the
force de frappe, though, funds for Pluton’s develop-
ment have been cut back sharply. Instead of the $42
million originally planned, only $6 million will be
spent on the program in 1968.

Faster pace in space

There’s grandeur, of course, in space. And to re-
main the unchallenged leader in space among West
European countries, France will spend close to $150
million next year. French electronics companies
say about 65% of this money will wind up in their
coffers.

Some $100 million of it will go into the national
program, the balance into joint and multinational
projects. Among the joint projects, the main one is
the Franco-German Symphonie communications
satellite. The launching is scheduled for 1971 and
the price tag at the moment is put at $40 million.
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About $12 million of this will be spent in 1968, half
in each country. French companies most likely to
pick up Symphonie business are Société Anonyme
de Télécommunications (sat), csF, and Thomson-
Houston; their likely German collaborators: Sie-
mens AG, AEG-Telefunken, and Rohde & Schwarz.

France, as always, remains a prime mover in in-
ternational projects (as long as theyre predomi-
nantly European), and French companies have a
stake in all three of the satellites that the European
Space Research Organization hopes to put into orbit
next year. ITT’s Laboratoire Central de Télécom-
munications is prime contractor for Esro I, Engins
Matra S. A. is the leading subcontractor for Esro II,
and Thomson-Houston is to supply most of the on-
board electronics for meos (highly eccentric orbit
satellite).

As for the 1968 national program, the major pre-
occupations of the Centre National d’Etudes Spa-
tiales (cnEs), the French space agency, will be the
D-2 satellite and the construction of a launching
complex in French Guiana.

The cxEs has 1969 circled on its calendar for the
D-2 launch. The satellite will weigh 220 pounds,
carry five scientific experiments, and lock on the
sun. The budget also includes funds to upgrade the
Diamant launch vehicle so it can handle the D-2.

Next year, cNes will pour $26 million into its
launch center and should have it ready to go late
in the year or by early 1969. This year’s Guiana
money, $24 million, went mainly for civil engineer-
ing. Next year will be electronics’ turn.

Quickstep in computers

Like all West European countries, France will
have surging computer sales next year. Electronics
magazine sees a $264 million market, 16% higher
than 1967s.

And, as always, the International Business Ma-
chines Corp. and Bull-General Electric will have the
market for business computers practically to them-
selves. But the all-French computer company put
together under de Gaulle’s Plan-Calcul figures to
do well in process-control and scientific machines.

Robert Remillon, vice chairman of this con-
cern, the Compagnie Internationale pour I'Informa-
tique (cix), predicts that the firm’s 1968 sales will
jump 20% from the 1967 level to $68 million. The
sales will be entirely accounted for by computers
designed before ciu started getting Plan-Calcul
money for research and development. One of the
mainstays of the company’s line is its version of the
Sigma 7, made under license from Scientific Data
Systems (sps).

Remillon says the first Plan-Calcul computer,
one of a four-model series of medium-size, inte-
grated-circuit machines cir has in mind, will be in-
troduced next year. Deliveries won't start, though,
until 1969. Under the Plan-Calcul, which was set up
to run through 1971, the company will get more
than $100 million in government aid to develop
computers, Next year’s allotment is $17 million.

A 1969 delivery date for the first Plan-Calcul

Electronics | December 25, 1967



computers leaves ci with a lot of catching-up to do.
But Remillon thinks it can be done. “Sps was late
compared to Control Data,” he points out, “and
Control Data was late compared to M. Even 1M
has been late on occasion as compared to Univac,
So it is possible to catch up.”

New tack in telecommunications

For the over-all communications sector, Electron-
ics magazine’s survey shows a 1968 market of $337
million, up only slightly from this year. The fore-
cast, though, is at odds with the mood of telecom-
munications equipment makers, most of whom see
good prospects for the year ahead.

Although color tv hasn’t buoyed the receiver mar-
ket, it does mean new business from the govern-
ment-run broadcasting organization. Guy Salem,
sales chief of Thomson-Houston’s nonconsumer tv
division, sees a market of $4 million for studio color
equipment. In addition, the network on which color
programs are aired, which reaches only 70% of
France, will be extended to cover the whole country
next year. CsF stands to pick up most of the business
for the transmission equipment.

But most important, 1968 will see the French Post
Office try a new tack. Traditionally, this agency has
tended to stick with cables for the trunk lines in its
telephone system. Next year, csF and sat will install
an 1,800-channel system linking Paris, Poitiers, and
Bordeaux. Along with $3 million for microwave re-
lays, the post office will spend $11 million next year
for satellite-communications ground stations.

And telecommunications equipment producers
will find themselves with an important new cus-
tomer next year—the air force. The service late this
year decided to set up its own independent micro-
wave network. The system will have 25 primary and
50 secondary links when it’'s completed in 1970.
Thomson-Houston, csF, saT, and Télécommunica-
tions Radioélectriques et Téléphoniques (TRT), a
subsidiary of Philips’ Gloeilampenfabrieken, have
contracts for the job.

Fewer but bigger

De Gaulle’s singleminded pursuit of technological
independence should next year lead to another ma-
jor merger in the electronics industry. All along, the
. government has been plumping for bigger compa-

nies in key industries, mainly so that firms can fi-
nance the research and development necessary to
keep up in technology.

Now that the Plan-Calcul has given France a rea-
sonably strong computer company in ci, the gov-
ernment will launch its Plan-Composants for
components. As with the computer scheme, the gov-
ernment will combine pressure and persuasion—
mainly in the form of r&p funds—to get French
semiconductor producers together for a crash effort
in integrated circuits, a field now dominated by
American companies.

Already, two heavyweights have decided to team
up on components—La Radiotechnique S.A., a
Philips’ subsidiary that has gone so native it’s
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generally considered French, and the Compagnie
Générale d’Electricité (cce), France’s largest elec-
trical-electronics firm.

Next year, the remaining French semiconductor
makers should combine. They are the Société Euro-
péenne des Semiconducteurs (Sesco), Compagnie
Générale des Semiconducteurs (Cosem), and So-
ciété Industrielle de Liaisons Electriques (Silec).
Says Edouard Guigonis, a top executive at Thom-
son-Houston, “Each of the companies is having
trouble. The only solution is consolidation, and
that’s bound to come.”

Thomson-Houston holds a controlling interest in
Sesco—with GE as a partner—and Cosem is a CSF
subsidiary, so the operations of the two semicon-
ductor firms would eventually have been meshed
in the parent companies’ merger, the mechanics of
which will take two or three years to complete. Silec,
once a holdout, should fall into line as the merged
company stands to pick up strong backing from the
government under the Plan-Composants and figures
to be the preferred supplier to co of circuit pack-
ages for Plan-Calcul computers.

The trend to fewer and bigger companies also
should hit the consumer sector in 1968. More than
100 firms produce radio and tv receivers and few
have the financial strength to cope with the current
slump in black-and-white tv sales, a slump that has
come at a time when investments in color tv are in
order.

The first big merger most likely will involve ccE,
which is now negotiating with two smaller firms to
pool the consumer electronics operations of a sub-
sidiary, Continental Edison, and the Compagnie
Centrale d’Electronique et d’Appareils de Mésure
(Cocelam). Cocelam is jointly owned by Lebon et
Cie. and the Société Lyonnaise des Eaux et de I'El-
clairage, and it is with these firms that ccE is nego-
tiating. The proposed merger would produce the
third largest set maker in France, behind Thomson-
Houston and La Radiotechnique.

Color it drab

Even the big companies are concerned about the
lackluster consumer electronics market. The survey
puts it at $353 million in 1968, a scant $3 million
above the estimated level this year.
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