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Man’s greatest scientific journey from mini-computers to precision
began in 1961 when President navigators. Managing the efforts
Kennedy launched Project Apollo. of 400,000 workers at 20,000
Since that time, the electronics plants was also a major problem.
industry has contributed much— For a complete report, see p. 24
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UTC miniature transformers assure high pulse integrity at
ET constants exceeding 7500 volt-microseconds

The high ET constants of UTC miniature pulse
transformers give you fast rise time plus low
droop at highest peak-power for size in the
industry. That's pulsepower.

UTC's BIT-P and PIP standard lines are the
smallest metal-encased pulse transformers
made. Unique structures, plus manufacturing
controls, enable UTC pulse transformers to
achieve high flux densities and unrivalled tem-
perature stability. All units are individually ad-
justed in a standard blocking oscillator circuit,
assuring parameter uniformity unavailable
elsewhere.

UTC's broad lines cover most pulse applica-
tions. Note particularly: use in high-gain, low-
level, high-density packaged circuits made pos-
sible by high shielding of units; SCR di/dt failure
reduction due to fast rise time and high pulse-

energy capability. The units are also suitable for
wide-band applications of 1 kHz to 100 MHz.

UTC's metal-encased standard lines exceed
MIL Grade 6 (MIL-T-21038B). They're rugged-
ized, hermetically sealed, and electromagneti-
cally shielded. Molded units to MIL Grade 7,
Class S temperature (4+130°C), are available
with a dielectric strength of 1250 volts. Where
special parameters are needed we'll tailor them
to your circuits.

When your design calls for pulsepower—
high pulse integrity—UTC has the answer.
Check your local distributor for immediate off-
the-shelf delivery, or contact United Trans-

former Company, Divi-
sion of TRW INC., 150 ’ Rw
Varick St., New York, ®

New York 10013. UNITED TRANSFORMER COMPANY
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When you buy a low-cost electronic
counter from us, you get a unique
bonus. Us.

With 55 service offices in the United
States and Canada and 86 offices world-
wide, we’re always close by if you need
help. And we give the same complete,
dependable back-up to customers who
spend a few hundred dollars for a counter
as we do to those who spend a few
thousand. That's a good thing to keep in
mind when you're looking for an inex-
pensive way to solve your counting
problems. And when you add the price
and service to the performance you can
expect from these counters, you know
you're onto a real bargain.

For instance the Hewlett-Packard

Count on us
for as little as

$425.

7 SZI6A 12 4 MKz ELECTRONIC COUNTER
I e

5321A counts frequencies up to 10 MHz,
has a 100 mV sensitivity and 1 MQ/30 pF
input impedance, 4-digit readout with
display storage, zero blanking for easier,
faster reading. All this is $425.

The more versatile and more accurate
Hewlett-Packard 5321B gives you BCD
recorder output, 5-digit readout, frequency
ratio and pulse duration measurement,
additional gate times and a quartz crystal
time base. Yet the price is just $775.

The Hewlett-Packard 5221A/B
Counters are the same in everything but
shape. They're higher, narrower and not
as long as the 5321A /B.

If you need greater capability, the
Hewlett-Packard 5216A will provide it for
$985. This counter will totalize, measure
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frequency, period, multiple period aver-
ages, ratio, multiple ratios and pulse
duration. It has a 7-digit readout, gate
times of 0.01 to 10 seconds, 10 millivolt
sensitivity, BCD recorder output, and a
maximum count rate of 12.5 MHz.

So when you need a low-cost counter,
talk to the people who can deliver the
goods and whatever service you need,
whenever you need it. Call your local
Hewlett-Packard field engineer for all the
details. Or write to Hewlett-Packard,
Palo Alto, California 94304; Europe:
1217 Meyrin-Geneva, Switzerland.

HEWLETT ﬁ PACKARD

ELECTRONIGC ™ COUNTERS

02912
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Here’s the fastest, most accurate source of programmable pulses available anywhere.
The new Datapulse System 140 generates rep rates to 100 MHz, pulse widths from 5 ns,
and independently variable rise and fall times from 2 ns.

Your program sets the upper and lower levels of the output waveform to any values
between 4-10v and —10v. Each level can be independently positioned with an accuracy of
#+2% of programmed value +20mv. Pulse amplitude (the difference between levels)
may be varied from 50mv to 5v into a 50 ohm load. Accuracy is typically +2% of value for
the other programmable pulse parameters: rep rate, pulse delay, pulse width and
transition times.

System 140 can be programmed from computer, punched tape, magnetic tape, or other
logic sources. All pulse parameters are controlled by BCD inputs compatible with DTL
logic levels.

For complete information contact Datapulse Division, Systron-Donner Corporation,
10150 W. Jefferson Blvd., Culver City, California 90230. Phone (213) 836-6100.

Tests fast ICs automatically:
the only 100 MHzZ programmable pulser!

“ At WESCON.
One of 157
Systron-Donner
instruments.

Electronic counters Digital voltmeters

Pulse generators Spectrum analyzers'
DATAPULSE Microwave frequency Digital panel meters
By Yl 8aE 0 N indicators Microwave signal

. Digital clocks generators
SYSTRON DONNER Memory testers Laboratory magnets
i Data acquisition

Analog computers
Time code generators systems
Data generators Microwave test sets
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The 5104 knows . . . and tells

. automatically. The new
Philbrick/Nexus Model 5104
performs 15 different tests in
under 3 seconds. Programmable
GO/NO GO limits. Readout in
engineering units. Maximum
input/output flexibility for
interface with handling
equipment and data acquisition

Who knows

what evil

lurks

inthe heart

peripherals. Test conditions,
supply voltages, and meter
scaling front panel control or
programmable. Test |C, hybrid
or discrete op amps through
versatile plug-in sockets. To
remove any shadow of doubt
from your op amp testing, get
the full report on the Philbrick/
Nexus Model 5104 Op Amp

INFORMATION RETRIEVAL NUMBER 6

Tester. Price $4,500
Contact your local
Philbrick/Nexus field
engineering representative or
write, Philbrick/Nexus
Research, 46 Allied Drive at
Rt.128,Dedham,Mass.02026

”“ PHILBRICK /NEXUS RESEARCH

A TELEDYNE COMPANY
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ew. A true micro-system connector.
Look at what you can dowithit.

This is our new .025"/.050" Connector.

It fits all micro-system packaging situations.
In all environments. Reliably. The redundant
points of contact provided by the spiral springs
of the receptacle assure it.

With stacked or staggered centers, the recep-
tacles don’t lose any critical contact spacing.
Circuit centers of .050” and .025" are standard.
The receptacles and pins come housed. The circuit
contact tines are pre-solder coated so all you have
to do is reflow and plug in. Easy? The low insertion

' Ty
QA
¥

ACTUAL SIZE

force and the wide misalignment allowance make
it even easier.

So, what could be better for sophisticated elec-
tronic requirements? A reliable connector that’s
dense, convenient and versatile.

For further information write to Industrial Division,
AMP Incorporated, Harrisburg, Pa. 17105.

ANMP

INCORPORATED
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S
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We've made child’s play

out of toroid selection
for pulse transformers.



|NBIANA GENERAI. We make it easy for the design engineer.

Indiana General’s popped up with an end to trial-
and-error spec’ing: the first and only toroids with
specified characteristics for pulse transformer
applications.

Not just the usual irrelevant magnetic prop-
erties, either. Each part is designed as a pulse
component, and listed by its pulse inductance,
pulse magnetizing current and ET product. All
according to ASTM methcds.

And thanks to our automatic high speed
testers, we can guarantee all parameters. Every
: pulse transformer toroid we
make is 100% pulse-tested to

performance specifications.
So reliability is assured, from
samples to production quan-
tities. And all toroids can be
coated, to prevent the wire’s
insulation from being scraped
when winding, or penetrated later.
Various toroid sizes from
0.080” are available. Tell us your
pulse transformer core problems.

Indiana General Corporation
Electronics Division/Ferrites
Keasbey, New Jersey

Let’s see how your pulse-rated toroids can
make it easier for me. Attached are details
of my pulse transformer core problems.

NAME.

TITLE.

COMPANY.

ADDRESS

CITY. STATE. ZIP.

INFORMATION RETRIEVAL NUMBER 8



We don’t know
who'll designit.
But we know
where he can get
the batteries.

At the nearest Burgess Distributor. They're
probably somewhere in his stock of batteries.
One's bound to be right for the electric
spaghetti windlass. And one’s exactly what you
need for whatever you're designing. Another
thing. Whether it’s a standard or special,

your Burgess Battery will be power-fresh.

All distributor inventories are checked, rotated,
and filled-in according to a systematic schedule.

So the battery you get comes e g SN
on strong . . .and stays that way. ‘
When you need batteries,check §JBURGESS
with your Burgess Distributor. e

W Oowen seatd L

He's a great source of power.
And when you need technical
information, give us a call.
Burgess has a library filled with
the latest, most complete engi-
neering data and technical
battery material in the business.
Meanwhile, send for our new engineering
manual and do a little window shopping. It's
got comprehensive listings of all batteries
available through Burgess. Clevite Corporation,
Burgess Battery Division, Freeport, lllinois 61032.

CLEVITE BURGESS

INFORMATION RETRIEVAL NUMBER 9
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We have a plot to get you out from under
the data avalanche.

Putting those mountains of informa-
tion inundating today’s design engineers
into usable graphic form is a wearisome,
time-consuming job. End messy, inaccurate
hand plotting chores with the ITC Data
Interface Plotter Terminal Model PT-1 and
save priceless design hours. Working with
any Teletype time-sharing terminal, the
PT-1 plots 30 points per minute, draws bar
graphs and other orthogonal work at the
rate of a 15-inch horizontal line and 10-inch
vertical line in under two seconds. Seven
software packages included with the PT-1
Plotter Terminal at no extra cost give you
real freedom from tedium:

Bode and Nyquist Plotting. Program plots
phase and amplitude data in both Cartesian
and polar form either from your data or
output from a time-sharing CIRC/ECAP
program. Sixty-point plot takes two
minutes.

Antenna Pattern Plotting. Antenna gain in
both polar and Cartesian form from your
data.

VISIT OUR BOOTH, UNIT D

3¢ WESCON/69

ELEcTRONIC DESIGN 17, August 16, 1969

Statistical Data Plotting. Test data is plotted
in point form first. Then program asks you
to name the range of data. Program then
figures out the central tendency and fre-
quency distribution and draws histogram.
Timing Diagram Drafting. You name be-
ginning logic levels, transition times, and
cyclic repetition. Program produces binary
wave forms in your dimensions.

Block Diagram Drafting. You make rough
layout, specify block locations, dimensions,
and interconnections. Program draws fin-
ished diagrams automatically.

Printed Circuit Layout. Exclusive SKETCH
program cuts way down on circuit board
layout time and cost. Quickly and accu-
rately produces primary layout from
connection list. When plotter
finishes, drawing goes to
draftsman for taping artwork.
Transient Response Plotting. §
Plots your tabular data or
data from CIRC/ECAP in
four quadrants concurrently.

INFORMATION RETRIEVAL NUMBER 10

The PT-1 Plotter Terminal is easy to
install, simple to use. Connects quickly to
any Bell System data set or telephone
coupler. Ten by 15-inch drawing area and
the plotter and Teletype together take up
less room than a desk.

Now for the real plot: Under $4,500
complete. Less than half any other time-
sharing plotter terminal. Rental and lease

plans available also at lowest cost. Get out

from under the data avalanche today.

Contact ITC Data Interface, a
Division of Industrial Technology

Corporation, a Subsidiary of
Republic Corporation,

950 Sepulveda Boulevard,

El Segundo, Calif.
90245. Telephone
(213) 322-4950.

ITC DATA INTERFACE

11




33 reasons
why we’re

No.

in DVM s.

Dollar for dollar we shipped more
DVMs last year than anyone else,
including the industry giant.

One of the reasons is our Model
5700. It’s the DVM used by
laboratories to calibrate other
DVMs. Without question it’s the

‘7

best DVM on the market.

But since not everyone needs the
kind of performance and features
offered by the 5700, we offer 32 other
models. Models for labs and for
production lines, bench units and
systems’ units, militarized models,

four digit DVMs and five, from
$1150 to over $8,000. (In fact, with
plug-in modules you can come up
with 300 different configurations.)
In short, we make a model for every
application and every budget. All

as part of our standard line.

ELECTRONIC DESIGN 17, August 16, 1969
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And every DVM we make is put
together on the same production line,
by the same people, using many
of the same components and boards.
In fact, quite often the assemblers
don’t know in advance which models
they’re assembling.

ELECTRONIC DESIGN 17, August 16, 1969

Which means that we’ve got to
build every DVM as though it were our
most expensive, over $8000, unit.

And that may be reason number 34

why we’re No. 1 in DVMs.

For a detailed description of our
33 models, write Dana Laboratories, Inc.,

2401 Campus Drive, Irvine, Calif. 92664

INFORMATION RETRIEVAL NUMBER 11
13
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TI announces the
“one-shot”
heard round the world.

(Listen. It could revolutionize your designs.)

The pulse width of this new mono-
lithic TTL monostable multivibra-
tor is variable from 40 nanoseconds
to 40 seconds. Stability is *0.2%.
Tagged SN74121, it is primed to
trigger off 50 nanosecond pulses or
from slow ramps up to one volt per
second. Full fan-out to 10 loads and
fully compatible with all Series
54/74 1Cs. The new “one-shot”
comes in a choice of packages: flat-
pack and plastic or ceramic dual-
in-line. Immediate delivery and

TTL
integrated circuits
from Texas Instruments

reasonably priced. In 100-999 quan-
tities, the plastic dual-in-line is
$4.40.

Deploy the SN74121 and start
your own revolution. For data
sheet, application report and a
copy of our new 80-page TTL bro-
chure, circle 182 on the Reader
Service Card or write Texas In-
struments Incorpora- o
ted, P. 0. Box 5012,

M. S. 308, Dallas, Texas
75222.

TEXAS INSTRUMENTS

14

INCORPORATED
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NEW AMI/MOS — 256 x 10 Bit Read
Only Memory. This unique ROM is
one of a family of LS| ROM’s mass
produced by AMI for your immediate
needs. Even if you don't need to mini-
aturize your system, you can stand a
substantial reduction in complexity

ELECTRONIC DESIGN 17, August 16, 1969

and a startling increase in reliability,
can't you? Send for the MOS facts of
life. Better yet, hop a jet and visit
the new, expanded AMI/MOS pro-
duction facility — America’s largest.

INFORMATION RETRIEVAL NUMBER 12

NOW IN PRODUCTION

<260

BIT/READ ONLY MEMORY

AMERICAN MICRO-SYSTEMS, INC.

3800 Homestead Road, Santa Clara, California 95051
Telephone 408-246-0330, TWX 910-338-0018
CUSTOM & STANDARD MOS ARRAYS/MEMORIES/REGISTERS/LOGIC

15




Who Built
the Converter
sed on the

Abbott did. Out of 931 converters
delivered during 14 months, only two
were returned for repair. Maybe
that’s the reason, Abbott’s Model
BL5D-11A converter was selected as
a power supply for installation in the
SUU-11A /A minigun system, used
on helicopters in Vietnam. This
system employs a 7.62 millimeter
minigun pod with firing rates of 6000
rounds per minute and therefore
demands high reliability. This Abbott
converter has an MTBF (mean time
between failures) of 129,379 hours
as calculated from the MIL-HDBK-
217 handbook.

Abbott power modules use only the
highest quality semiconductors and
MIL-T-27B transformers in their
construction to obtain the high degree
of reliability under tough environ-
ments demanded by today’s military
requirements. To withstand heat sink
temperatures of 100°C all silicon
semiconductors are used exclusively.

High density electronics packag-
ing, coupled with good design, give
Abbott power modules a minimum
size and weight for their rated power

Please write for your FREE copy of this new
catalog or see EEM (1968-69 ELECTRONIC
ENGINEERS MASTER Directory), Pages
1727 to 1740.

LABORATORIES, INCORPORATED

5200 W. Jefferson Blvd./ Los Angeles 90016
(213) WEbster 6-8185 Cable ABTLABS

rmy’s Minigun?

=

output. One group of Abbott’s DC to
DC converter line, for example, the
Model BO5D, is smaller than a pack-
age of cigarettes, weighs less than a
pound and produces five watts of
regulated output voltage. All of the
models described in the Abbott Cata-
log have correspondingly small sizes
and weights.

If you have a need for a reliable
converter, inverter or modular power
supply, take alook at Abbott’s. There
are over 3000 models listed in their
new catalog. They are built to oper-
ate in military environment of MIL-
E-5272C at 100°C. They include
output voltages from 5 volts to
10,000 volts DC with output currents
from 2 milliamperes to 20 amperes.
A wide range of different types of
input power is available:

604 to DC, Regulated
4004 to DC, Regulated
28 VDC to DC, Regulated
28 VDC to 4004, 14 or 3¢
6045 to 4004, 14 or 3¢

TO: Abbott Transistor Labs., Inc., Dept. 07
5200 West Jefferson Bivd.
Los Angeles, California 90016
Sir:
Please send me your latest catalog on power
supply modules:
NAME BEPY, ——
COMPANY
ADDRESS

CITY & STATE

INFORMATION RETRIEVAL NUMBER 13
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Datebook

AUGUST 1969
Sun | Mon | Tue |Wed | Thu | Fri |Sat
1] 2
3| 4| 5| 6 7| 8] 9 1

SEPTEMBER 1969
Sun| Mon| Tue| Wed | Thu | Fri | Saf

2| 3| 4|5| 6
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17018 19 |20 | 21| 22 | 23 14 (15| 16| 1718|1920
24 (25|26 27 | 28| 29|30 21122123124 25|26 |27
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For further information on meet-

ings, use Information Retrieval Card.

Aug. 24-27

Electronic Materials Technical
Conference (Boston, Mass.) Spon-
sor: AIME, Edward L. Kern,
Metallurgical Society of AIME,
345 E. 47th St., New York, N.Y.
10017

CIRCLE NO. 695

Sept. 7-11
Electrical Insulation Conference
(Boston) Sponsor: IEEE et al, H.
P. Walker, NAVSEC, Code 6156D,
Washington, D. C. 203060

CIRCLE NO. 696

Sept. 8-10
Aerospace Computer Conference
(Los Angeles) Sponsor: ATAA,
R. W. Rector, American Institute
of Aeronautics and Astronautics,
1290 Sixth Ave., New York, N.Y.
10019

CIRCLE NO. 697

Sept. 15-17

International Telemetering Con-
ference (Washington, D.C.) Spon-
sor: ITC et al, R. J. Blanchard,
Defense Electronics Inc., Rock-
ville, Md. 20854

CIRCLE NO. 698

Sept. 21-26

Intersociety Energy Conversion
Engineering Conference (Wash-
ington, D.C.) Sponsor: IEEE,
ASME, AIAA et al, T. G. Kirk-
land, U.S. Army R&D Center, Fort
Belvoir, Va. 22060

CIRCLE NO. 699

Sept. 24-26

Ultrasonics Symposium (St. Louis,
Mo.) Sponsor: IEEE, C. K. Jones,
Westinghouse R&D Div., Churchill
Boro, Pittburgh, Pa. 15235

CIRCLE NO. 700

INFORMATION RETRIEVAL NUMBER 227 b
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STODDART'S NOW
HOME ON THIS RANGE

Fully portable new Model NM-65T EMI Receiver
spans the range from 1 to 10 GHz. Simple to
operate, easy to handle, precise enough for the
laboratory, rugged enough for the field. Uses
integral, rechargeable batteries. Meets
requirements of all applicable commercial and
military specifications.

Special features and salient specs:

* Makes field intensity (average), direct peak, and
slide-back peak measurements

¢ Selectable 6 dB bandwidths, 100 kHz, 500 kHz,
or 5 MHz

¢ \oltage measurement capability to 120 dB

e Over-all measurement accurary within 2.5 dB
* True frequency within 2%, of indicated value

* Excellent sensitivity over the frequency range
* Shielding effectiveness 80 dB minimum

¢ FM detector for aural and visual display

e Automatic frequency control

e 21.4 MHz IF output

e “X" and "Y" outputs for external recording

or remote indication

e Four simultaneous video outputs; log IF, lin IF,
“stretch” lin IF, and FM detected video

¢ Expanded output indication

e Built-in mercury switch

impulse calibrator

e Size: 163,"W x 83,"H x 18"D ‘
e Weight: 35 pounds |
WESCON

EMI Receiver Model NM-65T will
be premiered by Stoddart

in Booth 1030.

i

The Model NM-65T will meet your needs ideally for
determining the source and analyzing the
characteristics of electromagnetic interference:
Field strength measurement of microwave sources;
propagation studies and radiation pattern
measurements; scatter propagation studies;
low-power-level VSWR measurements; spectral
power distribution analysis; and twosterminal
microvoltmeter applications.

The Model NM-65T joins the Stoddart family of
portable, battery operated EMI receivers, covering
the range from 10 kHz to 10 GHz.

MODEL NM-12AT

10 - 250 kHz * Measures voltage with-
in 2 dB, frequency within 29, * Excel-
lent sensitivity * Voltage range 160 dB
* Weight 22 pounds

MODEL NM-25T

150 kHz to 32 MHz * Measures volt-
age within 2 dB, frequency within 29,
* Voltage range 140 dB * Solid-state
impulse calibrator * Weight 22 pounds

STODDARART

ELECTROSYSTEMS

A Division of Tamar Electronics, Inc.
2045 West Rosecrans Avenue - Gardena, California 90249

Phone (213) 770-0270

INFORMATION RETRIEVAL NUMBER 14
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Hottest

Product

Schweber
Introduces
the First

Monolithic

Voltage Regulator
that breaks the
voltage barrier.

Motorola’s MC1566L/1466L is a precision wide-range voltage and
current regulator (Monolithic Epitaxial Passivated). This unique
“floating” regulator can deliver hundreds of volts-limited only by
the breakdown voltage of the external series pass transistor. Out-
put voltage and output current are adjustable. The MC1566L/
MC1466L integrated circuit voltage and current regulator is de-
signed to give “laboratory” power-supply performance.

Some of the typical applications are: 0 to 15 VDC, 10 Amperes Reg-
ulator/0 to 40 VDC, 0.5 Amperes Regulator/0 to 250 VDC, 0.1
Amperes Regulator / Remote Programming.

Here are some of the features:
O Voltage/Current Regulation with Automatic Crossover.
O Excellent Line Voltage Regulation, 0.01% +1.0 mV.

a0eapa

O Adjustable Internal Current Source.

Excellent Load Voltage Regulation, 0.01%, +1.0 mV.
Excellent Current Regulation, 0.1% +1.0 mA.

Short-Circuit Protection.
Output Voltage Adjustable to Zero Volts.
Internal Reference Voltage.

of the Year #2

For more detailed information, write to Schweber Electronics,

Westbury, N.Y. 11590. Circle No. 242

Product Temperature 1-24 25-99 | 100-999
MC1566L(Mil) | —55t0 +125C | 36.75 30.60 24.50
MC1466L(Com) 0to75C 12.75 10.60 8.50

CHARACTERISTIC CURRENT/VOLTAGE CURVE
5 12 1 1 1 1 1

07 0% 01 100
ot NORMALIZED OUTPUT CURRENT (mA

128

Call any of these locations for immediate delivery

Your franchised Motorola distributor: Schweber Electronics, Westbury, New York: 516/334-7474 (] Rockville, Maryland: 301/427-4977

Other Sales Offices: Waltham, Mass: 617/891-8484 [] Cleveland, Ohio: 216/333-7020 [] Hollywood, Fla: 305/927-0511 ] Huntsville, Ala: 205/539-2756 ] Toronto, Canada: 416/925-2471

ELECTRONIC DESIGN 17, August 16, 1969

SCHWEBER
ELECTRONICS
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Sprague Digital ICs. Illustration: Series 54H/74H in flatpack and DIP

Just arrived.Series 54H /74H. The fast ones.

Just about the fastest saturated logic circuits around.
Series 54H/74H from Sprague. The whole family. Flip- Propagation Delay
flops and all. ‘ Power Dissipation
Noise Immunity
Temperature Range
Series 54H —55 to +125° C
Series 74H Oto +70°C
Get off to a fast start with Sprague Series 54H/74H. Packages DIP or Flatpack

Use them in arithmetic and processing sections, where
speed really counts. Mix and match them with Sprague’s
standard Series 54/74.

Call Spraguc Info-Central (617) 853-5000 extension 5474.

THE MARK OF RELIABILITY

Or call your Sprague industrial distributor. He has them on the shelf.
For complete specifications, circle the reader service number below.
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Wescon, 1969, which will be held in San Fran- come more than 45,000 visitors. Over 600
cisco’s huge Cow Palace, is expected to wel- companies will display products. p. U81

@ - R V-~ 2 g
3 P .

From liftoff to splashdown, the Apollo man- space, the efficiency of NASA’s management
ned space program, capped by the Apollo 11 approach and the significance of the project

moon landing, proved the need for man in to the U.S. economy. p. 24

Also in this section:

News Scope, p. 21 . . . Washington Report, p. 47 . . . Editorial, p. 79
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...looking for a specific self-mounting ’lytic?

Choose from TWIST-LOK
or WRAP-LOK
CAPACITORS

Two styles for use in entertainment electronics and other commercial
equipment with similar environmental conditions. The widely-used
Twist-Lok has integral mounting ears which are twisted after

fitting through slots in chassis or mounting plate. The Wrap-Lok has
sharp-cornered terminals for wire-wrap type connections.

Both styles have unique sandwich-type end seal and dependable
venting system. All connections between terminals and capacitor sections
are welded to assure freedom from intermittents or open circuits.
INFORMATION RETRIEVAL NO. 821 Available with bare case, Kraftboard tube, or plastic sleeve.

480-8148
TR BN R B e S B R

...need a reliable wirewound resistor?

Specify ACRASIL
PRECISION/POWER
RESISTORS

Excellent stability and reliability, even under extended load life,

extremely high humidity, and other adverse operating conditions.
Expansion coefficient of silicone coating is closely matched to that of
ceramic base to insure against damage to resistance winding.
Coating provides exceptional protection against moisture, shock,

vibration, fungus. Available with standard and non-inductive windings.

INFORMATION RETRIEVAL NO. 822

Resistance tolerances as close as +0.05%,.

4SR-8118

For complete technical data on Twist-Lok and Wrap-Lok Capacitors, write
for Engineering Bulletin 3140A. For information on Acrasil Resistors,

request Bulletins 7450A and 7450.1. Write to: Technical Literature Serv- 2
ice, Sprague Electric Co., 347 Marshall St., North Adams, Mass. 01247,

SR R R N

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

“Sprague’ and ‘(@' are registered trademarks of the Sprague Electric Co.
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New Mars photos show
a fourfold gain in detail

In just four years, photos of
Mars obtained by U.S. space
probes have improved at least four-
fold. That’s the significance of the
latest Mariner fly-bys, according to
Lawrence Gallagher, program man-
ager for Electro-Optical Systems,
designer of the space cameras.

NASA sources put their esti-
mate of the photographic achieve-
ment another way: The new Mari-
ner pictures of Mars are at least
500 times better than any taken
to date by cameras on the best
earth-based telescopes.

Objects as small as 900 feet
across were photographed as Mari-
ner 6 and 7 passed within 2000
miles of the surface of Mars. In
1965, during the Mariner 4 mis-
sion, the best resolution obtained
was 2 miles.

The major findings so far?
Though evidence of water ice was
found in the Martian atmosphere,
the apparent lack of nitrogen, sci-
entists say, “makes it highly un-

Rugged moon-like surface of Mars was photographed at a distance of 2300

likely that life as we know it exists
on Mars.”

The cameras designed by the
Xerox subsidiary in Pasadena,
Calif., were of two types for the
latest Mariners. One had a wide-
angle lens with an 18-degree field
of view. The other had a telescopic
lens with a 1.8-degree field of
view. The cameras had vidicon
tubes made by General Electrody-
namics Corp., Garland, Tex. The
tubes contained 700 lines, against
200 in Mariner 4. This means that
not only were the objects three and
one half times clearer, by virtue of
a higher line density in the vidicon,
but they were even sharper than
those of a home television screen,
which has a picture tube that con-
tains 525 lines.

Mariner 4 returned 21 pictures
with a “gray scale,” or contrast, of
64 levels. That means that there
were 64 possible shades between
black and white. Pictures returned
from Mariner 6 and 7 had a sig-

s g

miles. The large crater is about 24 miles across.
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nificantly higher contrast capabili-
ty, with 256 levels separating black
and white.

The two cameras, on the new
Mariners operated alternately.
They were timed to provide over-
lapping coverage. Each camera
took one picture every 84.48 sec-
onds.

The vidicon tubes in the cameras
had a surface that was sensitive
to light striking the surface. An
electron beam scanned 665,280
points on the target in 42.24 sec-
onds and generated an electrical
current proportional to the charge
loss at each point, and therefore
in proportion to the light value for
each point. This converted the im-
age to intensity information, which
was stored in analog and digital
tape recorders.

Transmission to earth was al-
was in binary form.

When received on earth, the
binary coding was reconverted to
electrical impulses representative
of the pattern of light and dark
elements of the original image on
the vidicon tube. These impulses
were used to modify the intensity
of a beam of light that was swept
across a 70-mm negative to expose
it at 665,280 points to recreate the
original image.

New systems concern
attacks urban problems

Street-gang warfare control
using computers instead of police
action is just one of the radical
departures from traditional meth-
ods of solving urban problems pro-
posed by Urbdata Associates, Inc.

The new organization, specializ-
ing in computerized systems analy-
sis of urban problems, was formed
by Dr. Jay Hillary Kelley, a pollu-
tion and systems engineer who was
formerly a member of the White
House Science Staff under both
President John F. Kennedy and
President Lyndon B. Johnson. He
is now negotiating with the Penn-
sylvania Crime Commission to de-
velop a systems approach to
street-gang problems that would
substitute computer and techno-
logical conflicts for present con-
frontations.

Kelley, who is president of Urb-
data Associates, which has an of-
fice in Philadelphia’s new Universi-
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ty City Science Center adjacent to
the University of Pennsylvania and
Drexel Institute of Technology,
says that while the gang-warfare
study is of unusual interest, it is
just one segment of the urban
problem. Systems analysis of pol-
lution monitoring, urban structure
and services, and law enforcement
on a broader scale are being con-
ducted or are under negotiation.

Another basic problem that Kel-
ley hopes to overcome is the fact
that it is virtually impossible to
police air pollution today. But with
a computer simulation of nuisance
sources and data collection, as well
as meteorological inputs, sources of
pollution may one day be predicted
ahead of time.

Long analysis precedes
Navy's S-3A award

If anything goes wrong during
development of the Navy’s S-3A
antisubmarine warfare aircraft, it
won’t be because there wasn’t more
than the usual soul-searching be-
fore the contract was awarded.

Five contractors competed on
designs for the carrier-based plane
for a year. Then two, Lockheed and
General Dynamics, were asked to
rework their efforts for five more
months. Navy experts studied the
results of this work for seven
months—at the same time delving
into the wunpleasant business of
General Dynamies’ involvement in
the overweight and now canceled
F-111B and Lockheed’s role in de-
veloping the now-defunct Army
AH-56 helicopter and the -costly
Air Force C-52 cargo plane.

Lockheed, with its teammates—
Ling-Temco-Vought and Sperry-
Rand-Univac—won the contract.

The selection, the Defense Dept.
says, ‘“was reviewed and concurred
in at all levels within the Navy,”
after which the Secretary of De-
fense approved the Navy’s recom-
mendation.

“The initial award is for $461-
million, to be funded over approxi-
mately five years. It is to lead to
production of six R&D aircraft.
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The contract also gives the Navy
the option to buy 193 production
models, contingent upon successful
development. Approximately half
the cost of the plane—which could
run to $3.2 billion—will be for
electronics.

Data processing will be handled
by a Univac 1832 general-purpose
digital computer, supplied by the
Federal System Div. in St. Paul,
Minn. Univac will provide the
computer programing in Burbank,
Calif.

Light-emitting diodes
headed for wider use

Four big manufacturers—Hew-
lett-Packard, RCA, Texas Instru-
ments and General Electric—are
looking for a big jump in the
market for light-emitting diodes
(LEDs) in the next few years.

The price is now several dollars
apiece, depending on the type of
LED and the quantity of the pur-
chase. But designers can expect to
see this drop to less than a dollar
next year, the three manufactur-
ers say.

Howard C. Borden, manager of
solid-state development at Hewlett-
Packard, Palo Alto, Calif., says
that the market for LEDs “within
the next few years will go from
less than $1-million to between
$50-million and $100-million. Bor-
den and a company colleague, Egan
E. Loebner, are presenting a paper
on this subject at Wescon this
week.

Spokesmen for RCA, Texas In-
struments and General Electric
agreed in interviews that the di-
versity and complexity of electronic
systems has created a need for
more man-machine interfaces, and
that LEDs are becoming a basic
element in such displays.

For example, phosphors recently
developed by Bell Laboratories con-
vert infrared light to blue, green,
yvellow or red light, and this adds
great flexibility to system displays
(see “New Phosphors Convert In-
frared to 4 Colors,” ED 16, Aug. 2,
1969, p. 42). Since this light can
be changed from green to red by
stepping up the intensity of the
infrared source, such phosphors
may be highly useful in diagonal
systems of all types.

Hewlett-Packard is developing a

gallium-arsenide-phosphide L E D
that emits in the red region of the
spectrum. Engineers there say that
other materials are being investi-
gated for green and other color
emissions.

Troubles still snag
Intelsat’s expansion

Attempts by the International
Telecommunications Satellite Con-
sortium (Intelsat) to set up an ex-
panded worldwide network con-
tinue to be slowed by mechanical
problems. A bad burn in the third
stage of a launching vehicle kept a
consortium satellite from going in-
to synchronous orbit over the At-
lantic on July 25.

It was the third Intelsat III
satellite to run into trouble over
the Atlantic. The first one, launch-
ed Sept. 18, 1968, failed to achieve
orbit and was destroyed by the
range safety officer. The second,
launched Dec. 18, 1968, was
plagued by problems with its me-
chanically despun communications
antenna, which finally froze up
completely last June 29. Since then,
engineers who have been testing
and monitoring the satellite, have
succeeded in getting it to function,
and it is now in service again.

IBM’s System/3 design
questioned by critics

IBM has entered the low-cost,
small-business computer field with
a punched-card system, the Sys-
tem/3, that requires only 150
square feet of floor space, can be
operated by one girl, and rents for
$945 a month.

The market, IBM says, includes
retail and wholesale distributors,
manufacturers and food processors.
The system comes in two basic
models: one that uses only punch-
ed-cards and one with direct-access
disk storage.

The system uses a new 96-col-
umn punched-card that is about
one-third the size of an 80-column
card yet holds 20% more informa-
tion.

Competitors criticize the use of
“out-moded” punched cards, lack of
compatibility with the 360 series,
lack of communications capability,
and the small card size.
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Bodine
helps data devices
tell it ke 1t is...

Bodine fractional horsepower drives. Small. Quiet. A complete line
designed to power information-handling devices precisely, accu-
rately,dependably. Motors built with all the integrity you’ve designed
into your product—that deliver as specified with fewer callbacks
and service problems. If this is the kind of power you’re looking for,

you'll find no better source. ‘

Over 3,500 standard specifications to choose from. Bodine also
builds custom fhp motors to meet design requirements. Our engi-
neers will be happy to help you pinpoint the right one for your
particular application need. Computers, business machines, instru-
mentation, copiers—whatever your product, specify Bodine fhp
drives. We've been the power behind the leading products for some
63 years. Write for bulletin. Bodine Electric Company, 2500 W,
Bradley Place, Chicago, lllinois 60618.

Bodine Motors Wear Out—It Just Takes Longer

BODINE MOTORS/CONTROLS

Ask about Bodine SCR motor speed controls
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moon

Apollo 11 overcomes close
calls as mission nears lunar
surface and proves that
humans and electronics can
team up successfully to
achieve an ‘unbelievable’ goal

Charles D. LaFond, Chief, Washington News Bureau

“Here men from planet earth first set foot upon the
moon, July, 1969, A.D. We came in peace for all man-
kind.”

It’s still, to most people in the world, an incredible
success. It was the engineering expertise at its pinnacle.

“We've entered a new era . . . it’s still hard to be-
lieve,” says Dr. Thomas O. Paine, Administrator of
NASA.

The Apollo 11 flight, from liftoff at Cape Kennedy on
July 16 to splashdown in the Pacific on July 24, demon-
strated vividly that man and sophisticated electronics can
blend successfully in a cooperative, closed-loop system.
The three-man crew worked and relied on computers
aboard their spacecraft as one might lean on a human
companion on earth.

But in going to the moon and landing and walking
on that distant planet, man, as usual, learned through
his mistakes. None of the errors were close enough to
threaten the completion of the mission, but some caused
deep concern. One did give rise to brief consideration
of aborting the mission within sight of the landing area.

One big lesson that NASA learned: There are limits
to the workload that man and electronics can successfully
handle in space. When these limits are exceeded, trouble
occurs.

Among the problems were these:

= The lunar-module guidance and navigation computer
became dangerously overloaded as Eagle approached the
lunar surface. But for prompt recognition of the cause
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and the competence of flight con-
trollers in Houston in providing
remedial action, an abort might
have occurred.

m Fully automatic programing
on Eagle, if left untouched, would
almost certainly have lead the craft
to destruction in a boulder-filled
crater., The overworked crew could
not see the landing site clearly un-
til at low level. Fortunately there
was a semi-automatic manual con-
trol that permitted last-minute
alteration of the flight plan.

m Loss of communications, in-
cluding telemetry, occurred early in
the flight and later during descent
of the lunar landing module from
a moon orbit to landing. Luckily
the radio breaks occurred at non-
critical times and then only for
short periods.

On the plus side:

m NASA planners had developed
the procedures and designers had
included sufficient redundancy to
handle every difficulty encountered
in the mission.

m Inertial navigation accuracy
going to and from the moon was
almost flawless.

m Voice communications and
ground tracking were, on the
whole, excellent.

m Television transmission was
superb.

As with every mission, experi-
ence produces changes in proce-
dures and sometimes in equipment.
This certainly will hold true for
improving the safety and reliability
of Apollo 12, now scheduled for
launching on Nov. 14. It can be
assumed that NASA will require
the crew to pay more attention to
maintaining communications lock-
on with earth and that the com-
puter problem will not occur again.
Other changes will have to await
detailed analyses of recorded telem-
etry data and the debriefing of the
three-man crew: Neil Armstrong,
Col. Edwin E. Aldrin and Col.
Michael Collins.

Computer trouble quelled

Eagle’s guidance and navigation
computer began to act up when the
descending craft was about 40,000
feet above the lunar surface. Warn-
ing lights began to flicker on in the
form of two display numbers:
“1201” and “1202.” These were
coded instructions to the crew that
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the computer was rejecting the de-
mands for additional information.
In short, the computer was saying:
“I'm overworked; stop requesting
new data.”

The crew queried Mission Con-
trol in the Manned Spacecraft Cen-
ter in Houston and was told the
flight was still “go.”

Again, at 27,000 feet, the alarm
flashed insistently. Indications were
that a radar problem was involved.
Again Houston said “go.”

The difficulty, according to offi-
cials at Mission Control, resulted
from data congestion created by
simultaneous inputs of the landing
radar, which was keeping track of
Eagle’s velocity and altitude, at the
same time that the rendezvous
radar was cranking in Eagle’s po-
sition relative to the command
module overhead. According to
some NASA officials, the rendez-
vous data was required in the
event the descent operation was
aborted, so Eagle could link up
again with the command module.
An industry informant, a guidance
expert, denies this. “There’s no
need to use the rendezvous radar
during landing or ascent,” he says.

It has now been determined by
NASA that a three-position switch,
calling for different operational
modes of the rendezvous radar, was
in the wrong position. However,
NASA officials say that Eagle’s
crew had set the switch in the
position called for by the Apollo 11
flight plan—“auto track.” The re-
sult was a repeating electronic in-
terrupt to the computer memory
that was nonproductive and took up
14 per cent of the computer’s total
capacity.

The rendezvous radar antenna is
a two-degree-of-freedom steerable
unit. The lunar-module switch con-
trolling system operational modes
can be set at “LCG” (to search, ac-
quire and lock onto the command-
module transponder), “auto track”
(to hold automatically onto the
command module after lock-on)
and “slew” (to permit manual
acquisition and lock-on to the com-
mand module transponder).

The only reason NASA did not
abort the descent was because a
specialist in the Houston ground-
control team, Stephen G. Bales,
recognized the problem and
through the flight controller direct-
ed the crew to stop querying the
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computer on the operation of the
landing radar. (Houston knew
through telemetry that it was op-
erating fine). This reduced the
computer congestion and, despite
recurring overload alarms, permit-
ted the computer to guide Eagle to
a safe landing.

After the mission, Lt. Gen.
Samuel C. Phillips, Apollo project
director, said: “In my opinion, we
almost didn’t make it. I could be
wrong . . . but I think we came
awfully close to having to abort.”

Christopher C. Kraft Jr., flight
operations director in Houston,
commented: “The computer was
right on the ragged edge. It was
sending alarms that it was working
right up to 100 per cent capacity.”
Asked if officials in Mission Con-
trol were concerned about the com-
puter response and feared an abort-
ed mission, Kraft replied: “You're
damn right we were.”

Kraft also made a point of clear-
ing the computer design of any
blame. He said: “I wouldn’t want
you to get the impression that the
guidance system was improperly
designed or that we had some im-
proper problems with the program,
because we did not.”

Later, industry experts, who re-
quested anonymity, told ELECTRON-
Ic DESIGN that the computer alarms
“1201” and “1202” were never in-
tended to indicate a danger that
might require a decision to abort.
Rather, they said, the signals mere-
ly indicated that the computer,
which had an automatic restart,
was working at capacity on priority
tasks and could not accept lower-
priority requests. If the overload
of queries continued and a point of
total congestion occurred, these ex-
perts said, the computer would
simply reject all further requests,
stop and start all over again to ac-
cept requests on a priority basis;
it would not have broken down.

Industry sources pieced the com-
puter problem together this way:

As the lunar module came around
the back side of the moon after
firing its engines for descent, there
was a time during the coast phase,
but prior to the powered descent
phase, during which the crew could
have checked the operation of the
rendezvous radar system. In doing
so, it would first energize the
rendezvous radar with the antenna
position at LGC. On verifying that

the antenna had indeed locked onto
the command-module transponder,
the antenna switch would then
have been turned to auto track. But
after this, no matter what the
flight plan checklist said, the ex-
perts say, the rendezvous radar
should have been turned off and
the antenna switch flicked back to
the original LGC position.
Industry informants say they
know of no reason for use of the
rendezvous radar during descent to
the moon’s surface. With the radar
on and the switch at auto track in
Eagle, the antenna servo kept the
dish searching throughout the
descent in an attempt to locate the
command module, and outputs indi-
cating this fruitless search were
fed continuously into the computer.
This caused the computer overload
warnings, the experts explained.

Manual controls prove worth

James Nevins, deputy adminis-
trative director of MIT’s Instru-
mentation Laboratory, which de-
signed the computers and developed
the mission software, said: “As far
as the man interface is concerned,
it’s the most complicated program
we've ever flown.”

Yet the wisdom of a decision
made years ago by NASA officials
to give man the ability to bypass
automatic control and take over
manually was never better illus-
trated than in the final landing ap-
proach made by Astronaut Arm-
strong, the first man and engineer
to set foot on the moon. Despite
all the planning by the best minds
in developing the final descent tech-
niques, Armstrong found it impos-
sible to clearly pick out his target
site from an altitude of 7200 ft
and still perform all his assigned
cockpit tasks. There simply was too
much for him to cope with.

The descent was fully auto-
matic down to between 400 and 500
feet before Armstrong realized that
the touchdown point would be in
a dangerous, rock-strewn crater.
At this point he switched over to
a semi-automatic control program
—P66—and flew the craft to a
gentle landing in a clear plain
some four miles away.

In the P66 ‘“hover” mode, the
guidance system provided throttle
and descent rate control, and Arm-
strong controlled attitude and di-
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rection. He also could change the
descent rate in increments of =1
foot per second. It has since been
calculated that only 40 seconds of
fuel time remained at engine cut-
off—or about half the fuel supply

planned.
Dr. Thomas O. Paine, NASA
Administrator, noted later: “We

would have had difficulty with a
fully programmed landing.” And
other space officials said that the
experience demonstrated that pre-
vious successful landings by un-
manned spacecraft on the moon
were “very, very lucky.”

There were other lapses but most
appeared to ground
observers to be fail-
ures in operational
technique rather than
equipment. For ex-
ample, early in the
flight as the two
spacecraft separated
from the Saturn V
third stage and then
redocked, there was a
communications cut-
off. This interruption
was attributed to
failure of the Apollo
11 crew to select the
correct antenna posi-
tion.

Both S-band and
vhf transmissions
were employed to as-
sure transmission
continuity, but simi-
lar communica-
tion breaks occurred
throughout the flight.
In each case Houston
control was heard re-
questing the space-
craft to alter its at-
titude to help the
ground stations lock onto the
craft’s steerable high-gain
antenna.

Breakup in transmissions occur-
red at times with use of the vhf
radio in the backpacks of the As-
tronauts Armstrong and Aldrin as
they explored the lunar surface. On
one occasion it was observed that
Aldrin, after donning his equip-
ment, had failed to erect his an-
tenna fully. This was quickly cor-
rected with direction from
Houston. Aldrin’s technique when
speaking into the microphone was
blamed at other times.

Astronaut Collins, orbiting the
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moon in the command module while
Armstrong and Aldrin were on the
surface, helped relay messages
from earth from time to time.
Another unscheduled incident
arose when an ascent-stage engine
arming switch was broken off as
Armstrong and Aldrin re-entered
Eagle after the moon walk, but cir-
cuit redundancy avoided difficulty.

Highly accurate navigation

Accuracy figures are hard to ob-
tain from the space agency.
ELECTRONIC DESIGN has on three
occasions requested from one

Ascent stage of the Apollo lunar module is photographed from
the command module prior to docking in lunar orbit. The
photo was made during the Apollo 10 mission.

manufacturer, AC Electronics, per-
formance figures following earlier
Apollo missions, and each time the
response has been that NASA re-
fuses to make these figures avail-
able. It can only be assumed that
the sensitivity results from the
similarities between the MIT-de-
signed Apollo system and the MIT-
designed Polaris-Poseidon fleet bal-
listic missile guidance systems.
Nevertheless some figures were
released during the Apollo mis-
sion. En route to the moon the
accuracy was so great that the
first mid-course correction was by-
passed and the second required

only a three-second burn to adjust
the spacecraft velocity by 20.9
feet per second. Only a very minor
second firing was needed. An even
lesser correction was required on
the return flight to earth.

As a partial measure of system
performance, the spacecraft crew
reported the day after launch that
the worst drift being encountered
by the gyroscopes in the inertial
platform was 0.03 degree per hour
—and that only with X-axis gyro.
The crew also indicated that the
worst error for the accelerometers
was only 0.006 feet per second—
well within the optimistic NASA
specifications.

In the final analy-
sis, the guidance sys-
tem in both craft
during the eight-day
mission controlled a
journey of nearly
one million miles, ac-
cepted all the real-
time changes inher-
ent in such a mission,
including a late
splashdown target
change of over 200
miles, and still re-
turned the astronauts
to a point only 2.5
miles off target and
only 20 seconds off

the originial esti-
mated time of ar-
rival.

Communication good

Communica-
tions performance,
both vhf and S-band,
were good throughout
the Apollo 11 mis-
sion. NASA commu-
nicators are unanimous in their
belief that had communications
not been so successful, particular-
ly during the critical lunar landing
phase, the flight might well have
been aborted.

Ozro Covington, chief of track-
ing communications at the God-
dard Space Flight Center, Green-
belt, Md., when asked by ELEC-
TRONIC DESIGN for his critique of
over-all system performance, said:
“If someone had asked me four or
five years ago how I would like this
network to function, I probably
couldn’t have cited a better ex-
ample than the recent mission.” mm
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Strict control kept out semiconductor flaws

With billions of dollars and
the hopes of the world at stake,
NASA could hardly risk failure
of the Apollo 11 mission because
of some obscure transistor or IC
defect. Semiconductor manufac-
turers made sure the risk wasn’t
taken.

In their quality-control efforts
for the space program, the man-
ufacturers have learned that
pre-cap internal visual inspec-
tion, burn-in on all parts, sep-
arate high-reliability facilities
and employe motivation are im-
portant steps to reliability.

Joseph Flood, director of reli-
ability and quality assurance at
Motorola Semiconductor Prod-
ucts, Inc., Phoenix, Ariz., says
that all parts, at NASA’s insist-
ence, were inspected visually for
workmanship faults before final
packaging. These checks uncov-
ered potential problems—bits of
wire or foreign particles in the
package, for instance—that
would probably not have been
detected in electrical or burn-in
tests. The effect was to mini-
mize the number of latent fail-
ures—and the manufacturers ec-
statically point to the success of
Apollo as proof of their high
reliability.

Motorola’s Bert Stelzer, man-
ager of administrative services
in the Reliability and Quality
Assurance Dept., says the de-
partment even considered ex-
tending its visual inspection to
include X-ray of the packages.
X-ray techniques are especially
useful in spottingedie-bond voids
—the cause of hot spots in op-
erating ICs—and in checking
lead bonds. But aluminum metal-
lization and bonding wires are
transparent to X-rays, and Mo-
torola was using aluminum bond
wires (a monometallic aluminum
system is widely accepted as the
most economical and reliable in-
terconnection choice); so visual
inspection was performed before
final packaging.

Stelzer points out that no ma-
jor process innovation was in-
volved in gettting high-reliabil-
ity components for Apollo. “The
problem has been to assure our-
selves of the reliability levels
that we already have,” he says.
“We don’t lose much product in
our burn-in tests. Average losses
were about 1 to 2 per cent, and

many of them were not outright
failures but just borderline on
some specification or other.”

Stelzer is convinced that a
smoothly running process is the
key to reliability. “You must
have constant production,” he
says ‘“under good controls, and
at a rate sufficient that you can
monitor the process. If you run
a start-stop operation, you can’t
monitor the process reliably.”

Gordon Russell, national sales
manager for aerospace and de-
fense marketing at Fairchild
Semiconductor, Mountain View,
Calif., reports: “Apollo really
taught us a lot about reliability.
We implemented internal visual
inspections ‘and designed trace-
ability procedures that had never
been done before. Our quality-
control people can trace lots all
the way back to wafer process-
ing.”

But Russell found some of the
procurement arrangements un-
comfortable. In supplying tran-
sistors to Raytheon, he says,
Fairchild agreed that it would
supply the devices and Raytheon
would perform visual and envir-
onmental tests—Ileak test, shake,
centrifuge, etc.—plus 100 per
cent screen and burn-in.

“If more than an acceptable
percentage of a lot failed this
critical inspection, we got the
whole lot back,” Russell notes.
“And we could not give back to
them any part of rejected lots.”

The result, of course, was a
happy customer, but Russell
doesn’t consider it a suitable ar-
rangement for a vendor. “We
need control of screen and burn-
in in our own house,” he says.
“If we don’t have that control,
we don’t have a good monitor
on our process. And we can’t
control what a customer does to
our circuits if he tests them at
his facility.”

Russell found also that to
build to the extreme Apollo re-
liability criteria,Fairchild need-
ed separate production lines.
“Asking girls on a standard line
to build to Apollo standards is
like asking a guy to study in a
room where three other guys are
having a bull session,” he says.
“The girls must have a separate
facility where they can concen-
trate and maintain their high
standards.”

Segregation alone is not
enough, of course; the staff
must be motivated to do high
quality work. And semiconductor
manufacturers in Apollo have
recognized this. Astronaut Frank
Borman, for instance, visited
the Motorola plant to tour the
production areas and to speak
to the staff working on Apollo
parts. “The visit,” says Stelzer,
“had a very significant effect on
the girls on the line. Each girl
became very conscientious about
doing her job and doing it
right. She identified personally
with the end result—a safe
flight to the moon.”

The girls working in high-
reliability areas were given
special smocks to wear that iden-
tified them with their work, and
all containers holding Apollo
parts were boldly marked as
such. The object of all of this
was to fix the attention of the
production staff on the end use
of the products and the need for
quality. It worked admirably.

All in all, Russell found Apollo
a fascinating project. He notes
that the guidance computer was
one of the first projects to be
committed to the use of ICs,
and finds the design a unique
example of the use of repetitive
elements in circuitry.

The computer was built of
RTL 3-input NAND gates
throughout. Flip flops were
formed of cross-coupled NAND
gates, and buffers were built by
masking out a collector resistor.

There were two advantages to
this approach. By using identi-
cal parts in large quantities, the
designers at the MIT Instru-
mentation Laboratory, in Cam-
bridge, Mass., benefited from
the efficiencies of volume pro-
duction. And because of the
repetitive nature of the circuitry
it was much easier to predict
reliability. “The prime consid-
eration of the whole program,”
says Russell, ‘“was reliability.
This thing had to work.” The
reliability, of course, has proven
out; there have been no failures
to date.

—Raymond D. Speer
Microelectronics Editor
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discovery

NASA planning nine more

ELEcTRONIC DESIGN 17, August 16, 1969

missions to the lunar surface
withimproved equipment —
The goal: a manned

‘Little America’

David N. Kaye, West Coast Editor

It’s only the beginning, so far
as NASA is concerned. Repeated
manned missions to the moon must
be made in the next decade, if the
world is to gain any real knowledge
of the planet, says Dr. George E.
Mueller, NASA’s Associate Ad-
ministrator for Manned Space
Flight.

Four more lunar landings are
planned by NASA in relatively

rapid succession—roughly every
four months through November,
1970. These are to extend man’s

“learning curve” by probing dif-
ferent lowland and; highland re-
gions of the moon.

Five subsequent landings are to
cover other, more rugged regions
and to deploy more advanced scien-
tific instrumention. By the mid-
1970’s, NASA officials would like
their lunar exploration program to
include:

® A lunar rover vehicle, capa-
ble of providing manned travel on
the moon’s surface and carrying
heavier instrumentation and lunar
samples.

® A lunar flyer, to permit rapid
coverage by astronauts of other-
wise inaccessible areas of the
planet.

m A permanent habitat, resem-
bling the early Little America sta-

tion at the South Pole, where
scientists and engineers could
work in a safe, shirt-sleeve en-
vironment.

Earlier this year, in testimony
before a Congressional committee,
Dr. Mueller warned of the folly
of incomplete lunar exploration.
“If we do not take this next step,”
he said, “we face the hazard of
repeating the error of Leif Eric-
son, who discovered America three
centuries before Columbus but
failed either to return or to stimu-
late others to return because he
found nothing of interest.”

The first follow-on landing—Ilike
Apollo 11, which landed in the Sea
of Tranquility—is to set down in
the safer, flat lowland, or maria
area of the moon. Apollo 12 is
scheduled to land in Oceanis Pro-
cellarum. Apollo 13 and 14 are to

Saturn V stands poised to blast off for further manned missions to the moon.
Nine more lunar landings are planned by NASA in the next decade.
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land in the highlands, first in the
Fra Mauro formation and then
near the large crater Censorinus,
says Dr. Donald Wise, NASA’s
chief lunar exploration scientist.

“We will start with the plains,
then go to a high plateau, like the
plateau around Denver. Then we
will go to the rugged places, like
the Grand Canyon and Yellow-
stone,” he explains.

All of these early missions are
in the lunar equatorial region.
Apollo 15, however, is to land in
a more northerly spot, the Littrow
Area, near the edge of the Sea of
Serenity.

Each of these spacecraft is to
carry the Apollo Lunar Surface
Experiments Package (ALSEP),
built by Bendix Aerospace Sys-
tems Div., Ann Arbor, Mich.

Two different ALSEP arrays
have been designed, each with the
same experimental subsystems.
They differ only in the selection
of subsystems designated primary
(four) and backup (three). Each
package includes experiments for
passive and active seismic measure-
ments, a magnetometer, a solar
wind subsystem, a suprathermal
ion detector and instruments to
measure lunar heat flow and
charged particles in the local en-
vironment.

The ALSEP telemetry system
was designed to receive commands
from the earth and to transmit
collected data to earth through the
unified S-band system. All experi-
mental subsystems, when deployed,
are connected by flat ribbon cables
to a central station, which includes
a data subsystem, electronics for
the seismic instruments, and the
control and communications sub-
system. Electrical power for each
ALSEP is provided by a SNAP-
27 Radioisotope Thermoelectric
Generator producing a minimum
output of 46 watts.

When installed in the lunar
module, an ALSEP array occupies
15 cubic feet and weighs about 210
pounds.

The astronauts in the Apollo
12-14 missions are to be permitted
to walk on the lunar surface for
up to about 1 kilometer from the
lunar module. This is considered
the limit that a man can accurately
determine distance by eyeball esti-
mate. The modules are to be
equipped for stays of up to 36
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hours on the moon. An attempt
will be made to increase this capa-
bility to 72 hours for Apollo 15.

Apollo 16-20 missions

More significant changes in in-
strumentation and capability are to
be attempted in later flights—
Apollo 16-20. For example, RCA is
developing for NASA an instru-
mented staff, or walking stick, to
be carried by one of the astronauts.
It will include, at the top, a laser
tracker and other devices to provide
very accurate range (less than 1
meter error in 5 miles) and azi-
muth readings, and also to indicate
true vertical. The unit was field-
tested successfully for the first
time last month. A small TV cam-
era may also be included on the
staff.

Some time after Apollo 16, pos-
sibly on Apollo 17, a small lunar
vehicle is to be transported to the
Moon. It would not only increase
the mobility of the explorers but
further improve their position de-
termination capability during long
lunar surveys. The small rover is
expected to be equipped with a na-
vigational unit employing a sim-
plified inertial system and an ac-
curate odometer.

By Apollo 20, it is hoped that
several types of ground rovers will
be in use, including a more highly
advanced dual-mode type now un-
der feasibility study by Bendix
and Grumman.

Apollo 16-20 missions will most
probably carry what is now called
the modified, or advanced, Apollo
Lunar Surface Experiments Pack-
age. These include new sensors and
a preliminary astronomical experi-
ment that will explore the practi-
cality of deploying a lunar tele-
scope or more fully equipped obser-
vatory on the moon.

Advanced ALSEP packages, ac-
cording to Donald Beattie, staff en-
gineer in the Apollo Lunar Ex-
ploration Office, will include the
following :

m Electric field meters.

m A large area heat-flow ex-
periment.

m Instruments to measure sky
brightness hemispherically.

® A newly developed, highly ad-
vanced deep drill.

The latter will permit drilling

down to 10 meters to search for
subsurface permafrost. The drill,
says Beattie, was developed by
Westinghouse for the Marshall
Space Flight Center and repre-
sents a breakthrough in the techni-
que of dry drilling.

Advanced ALSEP instrumenta-
tion, according to Bendix, will be
designed for a minimum two-year
operational life, but five years will
be sought as a goal. Instruments
will be designed to permit carry-
ing up to nine experiments per
flight.

Studies to determine the fea-
sibility of building a lun-
ar flyer are continuing for
NASA under contracts with Bell
Aerosystem, Buffalo, N. Y., and
North American Rockwell, Down-
ey, Calif. Devices under considera-
tion include both back-pack pro-
pulsion systems and one-man plat-
forms capable of traveling at alti-
tudes of several hundred feet and
at ranges of 10 to 20 kilometers.

A logical next step in lunar ex-
ploration would be the establish-
ment of a permanent lunar station.
It could be deployed as early as
1976 or 1977, says Beattie. Two
concepts are under consideration,
he says. One involves a succession
of flights to carry modules to the
moon for assembly on the lunar
surface. The modules would use
largely existing hardware.

A somewhat different approach,
however, would employ an orbital
lunar station, from which astro-
nauts would shuttle to and from the
lunar surface in an Apollo lunar
module vehicle. This concept, says
Beattie, could offer greater freedom
for lunar exploration, but it would
also create other problems in logis-
tic supply from earth.

From a safety standpoint and for
ease of operation, a majority of
scientists tend to support the lunar
surface station as offering a great-
er potential for long-term reliabil-
ity at lower cost.

NASA studies have shown,
Beattie says, that a six-man station
to be occupied for six months could
be supported by an 8-kw regenera-
tive solar-cell-and-fuel-cell system.
This would weigh about 13,000
pounds. For a 12-man station oc-
cupied for 12 months, a nuclear
SNAP-8 power supply, providing
25-33 kw, would be required. mm
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CRTs

Muiltibeam tubes are now a compiete family.

These computer terminal readout tubes can be supplied in

a range of standard sizes and configurations.

A few months ago we introduced our first multibeam
tube, a seven-beam job designed to give brighter and faster
readouts for computer terminals. Now we’ve expanded the
line to give you a wide choice of tube sizes, configurations,
and phosphor colors. In fact, we can put our multibeam gun
in many standard tubes.

Our multibeam approach is a new and unique way of
getting more out of a CRT. In conventional single-gun
CRTs, brightness and writing speed are intimately related.
The higher the writing speed the lower the brightness level.
Our seven-beam multibeam tube actually allows you to in-
crease writing speed seven times without loss of bright-
ness. Or conversely, you can get a brightness increase of
up to seven times without loss of writing speed.

As an example of what multibeam can do for you, take
a look at our 12” SC-5299 seven-beam CRT. Seven separate
electron beams are controlled by a common focus coil. Typi-
cal written character size is 5/32”, but size can be varied
by changing the position of the focus coil on the neck of the
tube. Line width of individual spots is typically less than
0.010”. Each beam may be individually modulated and all
may be simultaneously varied in intensity with a single
variable control grid bias. These multiple electron sources
increase the brightness potential of the tube by a factor
of seven.

Typically, this tube may be used to great advantage in
alphanumeric displays, graphics or mapping. The advan-
tages are even greater where high writing speed or view-
ing in a high ambient is required.

Since alphanumeric character writing is done in this
tube simply by scanning lines across the screen and blank-
ing and unblanking at appropriate points, the high speed

“diddle” or write-through yoke requirement is eliminated.
The yoke current for the horizontal line scan, normally a
step function, now becomes a simple ramp. Thus, you elimi-
nate the step-settling time problems usually associated
with single-beam operation.

Among the many applications we see for this new family
of tubes are air traffic control systems, military identifica-
tion systems, stock market quotation units, teaching ma-
chines, electronic test equipment and airline status boards.
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Integrated Circuits
How to design with fast adders.

Television
Add economy and versatility to your new portable TV
designs.

Circuit Boards
Is multilayer your best bet?

Microwaves
Meet our full-line PIN diode family.

Microelectronics
Fast custom service solves your interface problems.

Manager’s Corner
Hybrid microelectronics . . . where does it go from here?
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INTEGRATED CIRCUITS
How to design fast adders.

Four basic adder systems give you maxi-
mum flexibility in operating speed and
package count.

When integrated circuits are used to build an adder there
are many design considerations—cost, speed, power drain,
etc.—that must be weighed to arrive at the optimum system.

Our fast adder series—SM-10, -20, -30, -40—makes it easy
to devise the optimum system. The SM-10 full adder is
useful for low cost, low power systems where the delays of
ripple carry techniques can be tolerated. Only one package
is used per bit and only one carry wire is needed per
package.
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If higher speed is required, the antici-
pated carry adders SM-20, -30, -40 can be
used in several different configurations.
For maximum speed, the 8-bit adder sec-
tion shown in Fig. 1 should be used. This
system will add two 8-bit numbers in 65
ns, and two 16-bit numbers in 105 ns.
(These figures are based on the specified
maximum propagation delays.) This ap-
proach uses 114 packages per bit and
power drain is typically 135 mW per bit.

For any word length greater than 8 bits
but not equal to 16 bits, the fastest addi-
tion is obtained by adding 7-bit sections
(Fig. 2) to the basic 8-bit adder sections.
The 7-bit section is similar to the basic
8-bit section except that the SM-20 de-
pendent carry adder is not used for the
least significant bit. The ripple carry out
from the preceding stage is connected to
all 7 bits in parallel. Each added section
must wait 20 ns for the carry out from
the SM-20 of the preceding section, so the
total addition time is 65 ns for the basic
8-bit section plus 20 ns for each added
T-bit section.

When slightly longer addition times
can be tolerated, but ripple carry is still
too slow, the anticipated carry adders can
be connected in 3- and 4-bit sections to re-
duce package count and wiring complex-
ity. This is accomplished by reducing the
need for the SM-40 expander packages.

The basic 4-bit adder section (Fig. 3)
is similar to the first 4 bits of the 8-bit
adder except that an SM-20 has been sub-
stituted for the SM-30 at the fourth bit.
This change provides single wire ripple
carry to the next section. Anticipated
carry is used to add 4 bits in 65 ns. Two
of these 4-bit sections can be connected
together to add two 8-bit numbers in 105
ns, as compared with 65 ns for the 8-bit
section.

For any word length greater than 4 bits
but not equal to 8 bits, 3-bit sections
should be added to the basic 4-bit section
as shown in Fig. 4. This arrangement
adds 20 ns to the basic 65 ns addition time
for each 3-bit section added. Two 16-bit
numbers can be added in 145 ns. Note
that this configuration uses only one pack-
age per bit. This is a good way to get the
speed advantages of anticipated carry
with the same package count as a ripple
carry system. Power drain is typically
125 mW per bit.

Slightly faster addition times can be
achieved by using the system shown in
Fig. 5. Here an SM-40 expander package
is used so that 4-bit sections can be added
to the basic 4-bit section of Fig. 3. This
adds 20 ns to the basic 65 ns add time for
each 4-bit section. Two 16-bit numbers
can be added in 125 ns using this system.
Performance of the four basic adder sys-
tems is shown in Fig. 6.
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TELEVISION

Add economy and versatility
to your new portable TV designs.

Four-tube family fills the needs of compact
small-screen portable B & W television sets.

We have the answers to your design problems in small-
screen B & W sets. Qur family of 8”7, 10”7, 12”7, and 15”
picture tubes will cover most of your needs to give the
advantages of Sylvania’s superior design to your new sys-
tems.

All of the tubes are of the rectangular glass type with a
gray filter glass faceplate. They feature electrostatic focus
and do not require an ion-trap magnet. Deflection angles
of 85° and 110° give you that short overall length so neces-
sary in compact designs.

The small diameter neck and low G2 voltages of these
tubes give you possibilities for extra design economies by
reducing power supply requirements. All of the tubes use
the T-band implosion protection system.

12.43"£0.10",

11.62" MIN.

USEFUL SCREEN b L
BOUNDARY :

768"

And perhaps best of all is the pricing structure. Quan-
tity prices are directly competitive with foreign imports.
And look at what you get for that price. You get a full
range of field engineering services and technical assistance
that only a domestic manufacturer can provide. There’s
no long wait for delivery.

You also get all of the advantages of Sylvania’s latest
advances in tube design, materials and production tech-
niques that assure high quality at minimum cost.

Why not investigate our new portable picture tube line.
You’ll be able to market an all “MADE IN USA” set at a
price that will meet the foreign competition.
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Portable TV monochrome picture tubes

Approx.
Screen G2 Neck. Overall Safety
Defl. Area Heater Voltage Diam. Length Protec-
Size Type No. Angle (Sq.In.) (V./Ma) (Voits) (In.) (In.) tion
8" ST-4744B 85° 27 6.3/450 100 0.788 7.78 T-Band
10" ST-4750A 85° 43 6.3/450 100 0.788 8.88 T-Band
12" 12DFP4 110° 74 6.3/450 200 0.788 8.81 T-Band
15" 15ADP4 110° 100 6.3/450 50 1.125 10.75 T-Band
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As makers of all types of boards— ¢ dototoiotote  cazadnronsan,
single, double, and multilayer— et
Sylvania can help you

make the right choice.
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Are you looking for a high-speed circuit board?
If you need high-density packaging, high-speed
operation and low noise levels, multilayer boards
may be your answer. Sylvania is especially equipped
to aid you in making the right decision. Since our
printed-circuit board facilities make all types of
boards, our engineers can aid you in choosing the
right one for your application.

Sylvania has been producing multilayer boards
for over nine years and has made boards with up to
19 layers. Our multilayer operation is a modern
10,000-square-foot facility. Most of this space
meets class III clean-room standards. Rigid proc-
ess controls allow us to meet standards set by the
Institute of Printed Circuits, military specifica-
tions and varied customer requirements.

Capacity of the plant is presently 1,400 one-foot-
square boards per shift with plans now under way
to increase this capacity to 2,800 boards per shift.

To provide highest-quality production we con-
tinue to use a plan written to meet the requirements
of MIL-Q-9858A Quality Program Requirements,
and specification NSA No. 68-8, NSA Specification
for Printed Wiring Boards.

This plan is a working document, detailing and
referencing procedures that will provide a total
quality system. This assures compliance with all
company and customer reliability and quality re-
quirements.

Incoming raw materials are inspected and tested
to meet standards established at the time of pur-
chase. Testing and inspection are carried out at
every step of manufacture and assembly.

Our multilayer facility is capable of handling
boards in sizes from 4 to 350 square inches on a
regular production basis. We can hold layer to
layer tolerances which meet the demands of to-
day’s multilayer board requirements. Our boards
can be made in thicknesses up to seven times the
diameter of the smallest plated-through hole with
a minimum tolerance of +=0.005".

Our engineering staff is ready and willing to
help you solve your printed circuit board problems.
Why not talk to them soon.

CIRCLE NUMBER 303

Large-size multilayer board
illustrates complexity of designs
that can be handled by Sylvania.
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MICROWAVES

Meet our full-line
PIN diode
family.

Both epitaxial and
non-epitaxial types
are available in

a wide-ranging line
of devices.

Variation of series resistance of PIN diode with forward current.

One of the industry’s broadest lines of PIN microwave
switching diodes is available from Sylvania. The unique
properties of these devices make them suitable for such
applications as low- and high-power switches, limiters,
phase shifters, voltage-controlled attenuators and modu-
lators.

A PIN diode is made by diffusing P and N type impuri-
ties into opposite sides of a wafer of pure intrinsie silicon
that has high resistivity. This intrinsic layer provides the
PIN diode with its unique properties at microwave fre-
quencies. At low frequencies, a PIN diode exhibits recti-
fication properties similar to an ordinary PN junction.
However, at higher frequencies charge storage in the in-
trinsic region prevents rectification.

Thus, when a forward bias is applied to the device it
operates as a voltage-dependent variable resistance. A
slight increase in series resistance is observed up to a bias
current of 10 #A. This change occurs because the width of
the depletion layer in the intrinsic region decreases; there-
fore, the thickness of the intrinsic layer increases slightly.
As the forward current is increased beyond 10 xA, the
series resistance decreases rapidly because carriers are be-
ing injected into the intrinsic region.

When a reverse bias is applied to the device, a gradual
decrease in series resistance is observed since the deple-
tion layer is widened. This widening of the depletion layer
continues until breakdown occurs and conduction increases

Typical PIN diode specifications
D5964B D5964C D5964D D5964E Outline 075

Breakdown 100 100 100 100 Volts Min.
Voltage
Total 0.15-0.20 0.20-0.30 0.30-0.40 0.40-0.50 pF
Capacitance,
50V
Series 1.0 0.7 0.5 0.4 ohms typ.
Resistance,
100 mA
Series 25 2.0 1.5 1.3 ohms Max.
Resistance,
10 mA
Thermal 400 400 400 400 °C/W
Resistance

ACTIVE PART of Diope
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Fig. 1 Small-signal equivalent circuit of PIN diode.

rapidly. Fig. 1 shows the small-signal equivalent circuit of
a PIN diode in the forward and reverse biased conditions.

One of the most common applications for PIN diodes is
as a high power digital phase shifter for phased array
radars. The three major types of shifters are shown in
Fig. 2.

The switched-line phase shifter uses two line lengths
and two SPDT switches per bit. This means it can switch
in either a reference line or a particular length of line de-
pending on the amount of phase shift wanted. As many bits
as needed can be added to obtain the accuracy desired in
phase shift. The loss for each bit is identical and good ac-
curacy can be obtained.

The periodically loaded line phase shifter uses the PIN
diode as a switch. The diodes switch in load susceptances
spaced a quarter wavelength apart on a transmission line.
Phase shift per diode is small; thus it requires many more
diodes to do the same job as the switched line phase shifter.

The hybrid-coupled-bit phase shifter uses a 3-dB hybrid
junction with balanced phase shift bits connected to the
coupled arms. This type uses fewer diodes than the switched
line and has less loss. The problem with this approach, how-
ever, is that its loss varies with bits and it has only half
the power-handling capacity of the switched line.

If you have an application where PIN diodes can be used,
why not discuss it with Sylvania. We’re sure to have the
right diode for you. CIRCLE NUMBER 304
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Fig. 2 Three-types of phase shifters used in phased-array radars.
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MICROELECTRONICS

Fastcustom service solves
your interface probiems.

Qur standard circuit submodules
let us tailor an interface circuit

to your specs and get it to you
within two weeks.

Using our advanced hybrid circuit techniques, Sylvania
can give you high reliability and proven designs, and we
can do it fast, too.

The secret is in our standard circuit submodule approach.
By combining these standard input and output submodules
into one 12-lead TO-8 can, we can give you an interface
driver circuit that will handle your specific application.
Since all the design work has already been done, we can
promise delivery in two weeks after receipt of order.

Input circuit functions available (see table) include
voltage and current detection, level shifting, gating, in-
versions and pulse shaping. Schmitt trigger circuits are
used for voltage and current detection and to provide a
clearly defined output threshold. Logic functions are being
added to make the family even more universal in its ap-
plication.

In the output section, a thyristor, a medium current tran-
sistor and a high current transistor driver is available.
Our thyristor circuit can handle up to 300 Volts at one
Ampere. The medium current output circuit gives you
360 mA at 6 Volts or can be used to drive your own power
transistor and load. The high-current transistor driver
can be used to drive power transistors and is capable of
switching 10 Amperes.

Our interface drivers are now available for positive and
negative supply voltages ranging from 4 to 24 Volts. Input
voltages can be either positive or negative over a range
from 0 to =25 Volts. CIRCLE NUMBER 305

SEE OUR

General Characteristics of
interface driver submodules

Input sections
Schmitt trigger:
On at +3V, Offat OV

<+ or — current sense
User supplies 1 resistor selected to sense in a range
af 1 mAto 1A.

+ or — voltage sense
Standard levels 1, 2, 5, 10, 15, 20, 25 Volts or user can
add resistor for any specific level from 1 Volt up.

+ or — logic
Switches at 1V nominal

4 or — high noise immunity logic
Switches at 2.5V nominal

Output sections

Thyristor

Load current to 500 mA. Voltage ratings of 50, 100,
200and 300V.

Medium-current transistor
Load current ratings of 150 and 500 mA.
Voltage ratings of 20, 30 and 50V.

High-current transistor driver
To drive power transistors switching up to 10A.

SPECIFICATIONS IN

MICROFILM CATALOG
FILE

BUSINESS REPLY MAIL
No Postage Stamp Necessary if Mailed in the United States

FIRST CLASS
Permit No. 2833
Buffalo, N. Y.

Use Sylvania’s ‘‘Hot Line" in-
quiry service, especially if you

require full particulars on any
item in a hurry. It's easy and
it's free. Circle the reader serv-
ice number(s) you're most
interested in; then fill in your
name, title, company and ad-
dress. We'll do the rest and
see you get further information
by return mail.

POSTAGE WILL BE PAID BY

Sylvania Electric Products Inc.
Sylvania Electronic Components
1100 Main Street

Buffalo, New York 14209
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MANAGER'S CORNER

Hybrid microelectronics...where
does itgo from here?

Reading any of the design electronics magazines, an en-
gineer can get the feeling that he is “out of it” unless he is
committed to several active hardware designs using film
hybrid microelectronics. Scarcely an issue goes by that a
new technical advance or new utilization is not described.

Is there sufficient justification for all this technical pub-
licity ? Has the technology really arrived yet? Where will
it develop from here?

The apparent popularity of hybrid technology, coupled
with the relatively low dollar investment required, has led
to upwards of 500 hybrid film facilities being started with-
in the last 12 to 18 months. Of course, some of these facili-
ties were formed to support in-house engineering groups,
but many are oriented toward industry sales activity.

EIA statistics for 1968 certainly do not justify all of this
activity in hybrid film technology. In 1968, sales were about
$54.6 million in “non-captive” markets (not including in-
house usage of self-manufactured circuits). Half of this
sales level is in “passive-only” film circuits. The remainder
is in film circuits with active components added.

The accelerating interest in hybrid films comes from a
growing accumulation of successful applications. Engi-
neers have found that hybrids can solve design problems
not readily resolved by available monolithic circuits and/
or printed circuit approaches.

With increasing usage of hybrid circuits the vendor-user
engineering liaison loops have become more workable and
more efficient. The initial strangeness of working with a
new technology has worn off. Engineers who have been suc-

cessful in their first applications are now confidently de-
signing hybrid films into future jobs where they meet the
economic and technical requirements.

For this reason, we at Sylvania believe that the growth
of film circuit technology will be explosive in the next 12 to
18 months. By 1971, we see engineers designing systems
using such devices as multiple beamleaded, nitride passi-
vated integrated circuits arrayed on multi-level alumina
substrates. The whole device will be hermetically sealed in
a 1”-square flat pack.

To obtain this level of technology by 1971, certain devel-
opments are required. These developments include fine-
line, low-cost film registration to accommodate beamleads;
availability of a broad range of beamlead devices at rea-
sonable prices; and a reliable multi-level substrate inter-
connect capacity. All of these factors should be available
by 1971.

At Sylvania we’re similarly confident of the future place
of film circuits in the industry picture as a packaging tech-
nology. Hybrid films will complement single chip monolithic
devices and printed-circuit board approaches. Each tech-
nique will find its proper application through economic and
technological review.

Sylvania’s program in hybrid film technology is oriented
toward supplying analog and digital circuits in module
form. These modules incorporate our own solid-state de-
vices using advanced technologies in design and packaging.
Our ten years of film circuit and packaging experience, our
in-house source of beamleaded chips, and extensive new de-
velopments in film processing techniques allow us to offer
broad design and production support to the user of film

circuits. M
v

W. D. Hogan

This information in Sylvania Ideas is furnished
without assuming any obligations.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS
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NAME

D6

PLEASE PRINT

TITLE

COMPANY

ADDRESS

HOT LINE INQUIRY SERVICE

CITY. STATE

Need information in a hurry?

Circle Numbers Corresponding to Product Item
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[ Please have a Sales Engineer call

Clip the card and mail it. Be
sure to fill in all information re-
quested. We'll rush you full par-
ticulars on any item indicated.

You can also get information
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elsewhere in this issue. Use of
the card shown here will sim-
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The management
was ‘superlative’

Richard L. Turmail
Management and Careers Editor

Historians will have to thumb
their way back over 25 recorded
years to find a management job
that approaches the one responsible
for placing our astronauts on the
moon. Not since the Allies joined
forces to invade Normandy in the
spring of 1944 had so many people,
industrial complexes and resources
been united to reach a common
goal. But when Apollo 11 touched
down on the lunar surface, the
National Aeronautics and Space
Administration had managed to
overcome the obstacles with a gi-
gantic and specifically designed
team that fulfilled President Ken-
nedy’s decree of eight years ago.

Because of the significance of
Apollo 11’s accomplishment, ELEC-
TRONIC DESIGN wanted to know
how the Apollo program was held
together, and how the generally
high reliability of the program was
achieved. To find out, we put some
management questions to George
H. Hage, Deputy Director of the
Apollo Program.

Hage has been entrusted with
top program and technical manage-
ment responsibilities with NASA
for the past two years.. Before that
he served the Boeing Company for
19 years. Our questions and his
comments follow:

Did you ever doubt that the goal
of the Apollo program would be
reached?

I think in view of the massive
research and development nature
of the project, there has always
been an element of concern that
this very ambitious objective would

ELECTRONIC DESIGN 17, August 16, 1969

not be met on the time scale laid
down by President Kennedy in
1961. But because of the superla-
tive quality of NASA’s planning
and research, there has never been
any doubt in my mind that the
goal of landing men on the moon
and returning them safely would
be accomplished.

What is the main function of the
Apollo management team?

A high percentage of our time
is devoted to definition and plan-
ning. At least half of the job is
planning, and half is execution.
The ratio is tempered of course
by the level of management. Lower
levels spend more time on execution
than on planning. At the higher
levels we may occasionally spend a

George H. Hage, Apollo Program
Deputy Director and Mission Direc-
tor for NASA's Apollo 11 space flight
stands by a full-scale model of the
Lunar Module.

great deal of planning time look-
ing up a blind alley, but at least
we’ll know it when we see it the
next time, and we won’t go down
the same alley again. The Mercury
program was bold and ambitious,
and mistakes were made. Gemini
learned from those mistakes, and
Apollo, of course, learned even
more from Gemini.

Have any managerial innovations
been realized during the Apollo
program?

The rudiments of management
that have been applied to the
Apollo Program have been avail-
able for some time, and have been
applied to many of the big pro-
grams such as the Polaris, the
Minuteman, and some of the larger
aircraft development programs.
However, there have been some
new applications of technology in
the area of communications. Since
the project has required a great
deal of close coordination among
the Apollo team members who are
widely dispersed geographically, we
established a unique conferencing
system last year. It utilizes a wire
network that permits us to carry
on a conference by telephone in
several locations simultaneously. In
Houston, Huntsville, Cape Kennedy
and Washington, we can also pro-
ject, simultaneously, printed mate-
rial in viewgraph form. It is pos-
sible during such a conference to
create and transmit to all of these
locations, or to any one of the four,
a viewgraph sketch or a series of
written points in something like
10 seconds.

We have, as a part of the TIE
contract (Technical Integration
and Evaluation) provided by the
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APOLLO PROGRAM MANAGEMENT

Boeing Co. at all three NASA lo-
cations and here in Washington,
a rapid data-retrieval system. It
has been computerized to permit
us to get information quickly
about problems and anomalies so
that we can be knowledgeable on
the status of their resolution. I
don’t believe that there has been a
central source of this type of in-
formation maintained in such a
viable quick call-up form in any
other program.

What management
does NASA utilize?

procedures

We have used many of the man-
agement disciplines on each phase
of the program. For example, we
conduct preliminary design reviews
when we're trying to settle on a
design concept. Then, when we've
chosen a design, we stage a critical
review that involves a detailed look
at the design we're going to com-
mit to hardware. We also conduct
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many types of technical reviews.
We have ‘“change board” meetings,
where every change made as a re-
sult of some deficiency or weakness
in a system is reviewed. Before
we’re ready to commit to flight, we
conduct a design certification re-
view involving a senior manage-
ment team. The Apollo Program
also conducts a flight-readiness re-
view where we sit down with all
the principals of the program. In
the case of Apollo 11, a nine-hour
review was conducted of all the
questions and issues that were car-
ried along in preparation for this
flight.

These reviews are not innovative
in the classical sense, but I think
the degree of discipline and insist-
ence used may be more thorough
than in any previous program.

How did NASA unite the thou-
sands of units under its manage-
ment into a cohesive force
capable of placing men on the
moon?

e e oy

I would expand that to the man-
agement beyond NASA, to the tre-
mendous industrial complex that is
under contract to the space agency.
I think that key organization
techniques used were these: set-
ting up specifications early in the
program, defining what it is we're
going to build and how we were
going to use it; requiring a series
of subordinate documents and spec-
ifications at several levels below
the top Apollo specs. In this way,
each element of the project could
look to a set of criteria and re-
quirements at each level and know
what was expected.

How was the Apollo program
maintained during layoffs?

Strikes have not really caused
the program any serious delays in
the months that I've been involved.
We’ve had excellent cooperation
from the unions. We’ve been very
lucky.

INFORMATION RETRIEVAL NUMBER 19 b



A new 7-pole monolithic crystal filter line that surpasses
those previously available in shape factor and spurious
mode suppression. Provides performance comparable to
the highest state-of-the-art currently available with dis-
crete filters - yet incorporates all of the inherent advan-
tages monolithics have over conventional multi-component
configurations. Now Damon provides the best of both
worlds: critical performance, superior temperature charac-
teristics, improved aging, small size, and significantly
lower price. All are available in hermetically-sealed metal
cases within miniature rectangular packages ranging in size
from 0.080 cu. in. to 0.274 cu. in. Immediate off-the-shelf
delivery of evaluation quantities. Damon also

offers a wide variety of computer-assisted de-

signs, but these take a little longer. Damon/

Electronics Division, 115 Fourth Ave., Need-
‘ ham, Mass. 02194, Tel: (617) 449-0800.
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DAMON ANNOUNCES...

’ CASE “A” CASE “B”
“STANDARD” 7-POLE MONOLITHIC CRYSTAL FILTERS S BBt
Model No. 6457MA 6457MB 6458MA 6458MB
o 1250 ——=f —f 800 |
¥
Center Frequency: 10.7 MHz = .7 KHz 10.7 MHz = 1 KHz 21.4MHz = 0.7 KHz 21.4MHz = 1 KHz 3% N
Bandwidth, 3 dB: 6 KHz min. 15 KHz min. 6 KHz min. 15 KHz min. .::o‘ I} ] 280 | 1
Bandwidth, 60 dB: 18 KHz max. 40 KHz max. 18 KHz max. 45 KHz max. T _JL_ JL@
Ripple, Max.: 1dB 1dB 1dB 1dB 0.0 e
Insertion Loss, Max.: 6dB 6dB 6dB 6dB
Spurious Returns: > 55 dB down > 50 dB down > 55 dB down > 50 dB down e 003 BRASS
Terminations : ; 4 ' 4 b _-r_
(Resistive): 2.0 kilohms 5.1 kilohms 0.38 kilohms 1.3 kilohms 828 3 j, ] _"go_
Ultimate Atten.: 80 dB 70 dB 80 dB 70dB | T A0
Op. Temp. Range: 0°-60° C 0°-60° C 0°-60°C 0°-60° C 2 440
Case Size: N “A" “A" “gy

SEE THE SECOND GENERATION IN MONOLITHIC FILTERS AT WESCON ~ BOOTH 5206.
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After losing 22 months to un-
scheduled testing, how did you
manage to place a man on the
moon within the time schedule?

The Apollo program was stabil-
ized before January 1967, so that
there was leeway in scheduling un-
til mid-summer of last year. Then,
of course, we changed the mission
sequence. The pre-fire version of
the projected Apollo 7 had no
launch designation. If the Apollo
7 had performed as planned, there
is no question that we would have
been on the moon by now. But
when a program of this kind runs
into a deficiency of the magnitude
of the fire, you have no alternative
but to do whatever is required to
fix it. Only then were Apollos 8, 9
and 10 sent on their way. During
the testing and redesign of the
spacecraft, three unmanned flights
were launched.

What effort was necessary to
compensate for management mis-
takes?

Any program of this size is go-
ing to be faced with errors in
human judgment. I suspect there
are those who would be critical of
this management in trying to de-
termine the cause of the fire that
killed the three astronauts three
years ago. I suggest that circum-
stance was created by a technical
blind spot—because we did not
recognize the hazard in having
present simultaneously all the con-
ditions that could lead to a cata-
strophic fire of that type. The
three conditions are: fuel, and we
had materials in the spacecraft
that were combustible; ignition
sources, and any time you have an
electrical system inside a machine
you have potential ignition sources;
and atmosphere, that will cause the
fire to propagate. If all three of
these elements are present, you
have a potential fire threat. Ac-
tions taken as a consequence of
that circumstance have been ex-
tremely thorough. The interior of
the spacecraft, both the Lunar
Module and the Command Module,
have been redesigned to rigorously
remove flammable material. Wiring
has been carefully protected to
minimize the possibility of short-
circuits, and great care has been
taken to protect against over-
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loading circuits. Finally, the at-
mosphere of the spacecraft at
launch was changed to be less of
an oxidizing agent. We changed
the mixture from pure oxygen to
409% nitrogen and 60% oxygen, an
environment that is less sensitive
to propagating a fire. Also, a very
demanding test program was con-
ducted after this redesign: the in-
terior of an actual boilerplate
spacecraft was built with materials,
wiring, etec., to duplicate the flight
unit. By spotting various ignition
sources, we set fires in many places
throughout the spacecraft to de-
termine if, in fact, they would
propagate, ‘

Resolution of this problem cost
us time between January, 1967,
and October, 1968.

Is it ever possible to correct
minor mistakes before they be-
come public knowledge?

The policy of the spaceflight pro-
gram has been one of complete ex-
posure, not only nationally, but to
the world. That's a very powerful
incentive for those of us who are
involved in turning out these pro-
grams to be extremely careful, and
critical, and to do everything that’s
reasonably within our power to
make every flight a success. Our
“power” takes the form of a very
complete and extensive ground test
program.

How else do you motivate your
people to maintain the program’s
generally high reliability?

We have to accomplish with our
ground test programs what air-
plane developments normally do by
building 20 or more vehicles before
stabilizing on a configuration that
will do the job.

We just don’t fly that much. So
to insure to the best of our ability
that when we do fly we are going
to fly right, we use a very thor-
ough disciplined approach to de-
sign fabrication and quality con-
trol and pay infinite attention to
details. Every single anomaly that’s
identified in the processing of
equipment on the ground, and ev-
ery one that’s identified in flight,
is carefully examined and carefully
reviewed, and, where necessary,
corrective action is taken.

A tremendous effort is made to

train people to be aware, If a guy
screws a nut on a bolt up tight, and
he feels the thing yield though it
doesn’t fall off, it’s an indication
that there’s a weakness and he
should tell us about it.

What was the most consistently
nagging problem in the manage-
ment of this project?

It’s hard to single out any spe-
cific problem. I think the most
unique aspect of the program is its
size. There have been a number of
programs in this country requiring
the geographic dispersion of proj-
ect manufacturing plants, but I
doubt if there has been a program
in the history of the world where
so many different communities and
companies and organizations have
had a role to play. At the peak of
the Apollo program we had about
400,000 people and 20,000 corpora-
tions involved in preparation of the
moon shot. If I had to worry about
something, I would probably worry
about the magnitude of the organ-
ization and the resources that have
to be directed in this ambitious
project.

How would you compare the man-
agement of Apollo with, say, the
direction of the invasion of Nor-
mandy during World War 11?

If you compare the momentum
required of each project, certainly
eight years is a long time to main-
tain momentum with a space pro-
gram. When you're dealing with a
single objective invasion, the length
of the initial activity is relatively
short, although the planning that
went into it goes back many, many
months.

What are the prerequisites for a
job like yours and General
Phillips?

The general has successfully
managed the Minuteman Program.
so has already had experience in
running this kind of program. He
and I are both electrical engineers,
but my background is industrial
rather than military. Before I left
the Boeing Company I served as
Chief Engineer of the Lunar Or-
bitor Program and many of the
problems I encountered in carry-
ing through the completion of that
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The magic number is nine.

Because that’s how many MSI coun-
ters we make at Signetics —more than any-
body else. Which lets you choose exactly the
counter that’s right for you. (No more buy-
ing too much. Or, worse yet, too little.)

You want high-speed counters?
We’ve got ’em. Medium- or low-power coun-
ters? Take your choice. Binary, decade,
divide-by-12 modes?

Just say the magic word. And all are

0

unt.

available in either flat packs or DIP’s.

In short: each Signetics counter gives
you more complex magic, dollar for dollar,
than any other counters in the industry.

And, when you get right down to it,
isn’t that the one thing that really counts?

P.S. Coming to WESCON? Look us
up in Unit F, and we’ll tell you about a num-
ber of these numbers. Or write for specs on
the whole line. We’ll rush them to you.

Count on it.

Signetics [sIMSI

Signetics Corporation / 811 E. Arques Ave.. Sunnyvale, Calif. 94086 / A subsidiary of Corning Glass Works

INFORMATION RETRIEVAL NUMBER 20
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program were directly applicable
to the Apollo Program.

How did NASA compensate for
the variation in the yearly budgets
allotted by Congress?

I think you’re referring to the
fact that the NASA budget peaked
out in 1966 and 1967 and has
been somewhat reduced in the last
couple of years. The Apollo pro-

gram, however, is carried in the
NASA authorization bill as a line
item.

What does the future hold for the
Apollo program?

The Apollo 12 vehicle is on pad
39 for a September launch. The
elements of Apollo 13 are being de-
livered to Cape Kennedy on a
schedule that would support a

third attempt for a successful moon
landing and return in November.
Equipment, hardware and person-
nel and crew are in a high state
of readiness to support these re-
maining two attempts this year. I
have every confidence that we will
meet our objectives.

There have been 6 Mercury, 10
Gemini, and 5 Apollo flights.
Apollo 11 was our 21st manned
space flight. You might say we've
come of age. mm

There were several small mis-
haps in the Apollo program as it
emerged from development, any
one of which, if left unresolved,
might had led to the downfall of
the entire program. Following is
a short case history of one of
these incidents:

On April 4, 1968, during the
launching of Apollo 6, pieces of
the spacecraft’s lunar module
adapter shell, which houses the
lunar module at launching, broke
away 2 minutes and 13 seconds
after blastoff.

This unforseen development,
the earlier Apollo fire tragedy
and cuts in NASA’s 1968 budget,
limiting the number of Saturn,
Apollo test flights, threatened to
disrupt the space schedule.

On June 14, 1968, Wyle Labo-
ratories of El Segundo, Calif.,
received a $3.2-million contract
from North American Rockwell
Corp. to perform static and dy-
namic tests on the “short stack”
portion of the Saturn/Apollo ve-
hicle. This assembly stands 60
feet high, is 22 feet in diameter
and weighs close to 22 tons.

It includes the Apollo service
module and the spacecraft lunar
module adapter; the lunar mod-
ule; the Saturn instrument unit
and the Saturn S-IVB third-
stage forward skirt.

Wyle’s job was to verify the
structural integrity of the as-
sembly under simulated lift-off,
at first-stage boost and at first-
stage separation.

Identifying the cause of the
Saturn malfunction and finding
a solution called for a test pro-

Anatomy of a failure, with a happy ending

gram that ordinarily would have
required at least a year to com-
plete. Wyle’s contract specified a
four-month deadline—90 days
for testing to begin and 30 more
days to complete it. NASA in-
sisted on this tight schedule so
that any modifications required
on the Saturn vehicle could be
made before the Apollo 8 circum-
lunar mission.

The problem of assembling a
vehicle of this size at Wyle Labo-
ratories’ testing facility in
Huntsville, Ala., was huge.

The assembly was done in
large concrete pits that re-
sembled fore-shortened missile
silos bristling with test struec-
tures and instrumentation, all
connected to a computer complex.

By Sept. 15, 1968, the instru-
mentation and data system were
installed and testing began.
These tests, according to Wyle,
were unique in that none previ-
ously conducted in the laboratory
had simultaneously applied as
many different types of loadings
for such a large vehicle. The
complex structure was subjected
to 72 controlled environmental
or mechanical conditions, and in
each test condition 2000 chan-
nels of data were simultaneous-
ly checked and read out by
Wyle’s CDC 3300 computer.
Ony five years earlier 60 chan-
nels had been considered a
sophisticated test setup.

These tests simulated the
worst conditions expected during
an Apollo flight. They included
acceleration loads, aerodynamic
loads, heating conditions and

side loads that simulated launch-
site winds and engine gim-
balling.

The magnitude of the tech-
nological and management tasks
according to Wyle is illustrated
by the following:

m A data acquisition system
that was designed to handle
high-speed dynamic data in the
range from 20 cycles to 2 kHz
had to be converted to a system
that accepted 2000 channels—in
the range from dc to 10 cycles.

m Sixteen hundred transduc-
ers had to be wired to the test
setup with a quarter million feet
of special transducer cable.
Wyle purchasing agents bought
every foot available in the
United States.

® On-line computer techniques
were developed that permitted
“instant readout” for the 2000
channels of data. This permitted
a test of the stack to be com-
pleted and another to proceed
within three to five minutes.

® Simulation of aerodynamic
heating called for 5 million watts
of power, requiring Huntsville
Utilities Co. to set poles and
string cable swiftly to Wyle-
Huntsville and to install the as-
sociated transformers, switches
and circuit breakers.

On Oct. 7, the tests were con-
cluded. The results confirmed
the structural integrity of the
short stack. The malfunction was
attributed to longitudinal oscilla-
tions in the Saturn V stage
caused by structural deficiency.

The first stage was subse-
quently strengthened.
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and now...

LINTEODE

invents the 12 amp
UCc

the industry’s first
fused-in-glass SCR.

It has so many superior features it
deserves to be called “something else”.

» |deal for pulse modulator applications
¢ Smallest medium-power SCR
» Efficient switching of high pulse currents

* Peak repetitive pulse current 150A in
high frequency modulators

* Anode voltage 100 to 600V

e Low forward voltage drop

* Forward current 12A

* Peak gate current 100A

¢ 3.5°C/watt thermal impedance

TAKE A LOOK AT THE WAY IT’S BUILT

Two fused-in-glass seals
melted, wetted and fused to
both silicon and metal sur-
faces permanently protecting
and stabilizing the SCR die in
a voidless Unitrode package.
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= Il
l‘l'lllllll “won "Il‘

“l““"' Hll‘ll Thermal coefficients of glass

‘I"hs 'il | e {Jins.“gn:! sélicon are matched

2 A o withstand extremes in tem-
222

perature shock and cycling.

True metallurgical bonds from
terminal pins to the silicon
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sable men

ELECTRONIC DESIGN 17, August 16, 1969

David N. Kaye
West Coast Editor

Isn’t it preferable to send instru-
ments instead of men into space to
gather data and samples and to
transmit them to earth?

Dr. Wernher von Braun, director
of the Marshall Space Flight Cen-
ter in Huntsville, Ala., answers the
question this way: “Well, back in
the 15th century Columbus and his
men could have stayed at home,
waiting until European science
and technology could build un-
manned ships to cross the Atlantic.
These robots could then have
scooped up a handful of sand and
transmitted photographs of the
Americas. But history would have
been different.”

When asked the same question,
Lt. Col. Michael Collins, pilot of
the Apollo 11 spacecraft, also re-
ferred to Columbus, a hero to most
of the astronauts. “Scrap the man-
ned exploration mission in favor
of placing instrument packages on
the moon?” he repeated. “That
would be the same as Columbus
sailing to within 60 miles of the
Florida coast and deciding to turn
around and go home.”

Man’s role in the loop

With few exceptions, the concen-
sus of scientists interviewed by
ELECTRONIC DESIGN was that man
must always be in the loop in space,
in one capacity or another.

The most important contribution
that man can make to space travel
today is his judgment. That was
the opinion of Dr. William Picker-

ing, director of the Jet Propulsion
Laboratory in Pasadena, Calif. A
dramatic example of this came on
the Apollo 11 flight when Neil
Armstrong seized the manual con-
trols of the lunar module to avoid
a boulder-strewn crater and bring
the spacecraft to a safe landing on
a smooth plain of the moon.

Another contribution is man’s
ability to evaluate data at the
source, said an Air Force officer
high in the manned space flight
program. In the case of an un-
manned system, ‘“bringing it all
down” for examination would pose
quite a transmission problem.

Still another contribution is
man’s ability to increase the reli-
ability of a space system by per-
forming maintenance, the Air
Force officer pointed out. “We
wouldn’t have put a LEM on the
moon if man hadn’t been able to
override that gyration Apollo 9
went through,” he noted.

And all of these advantages of
man in space pertain to the pres-
ent. In the future, space stations,
colonies, travel to the outer planets
and military command posts have
all been suggested.

“Whether the vehicle is manned
or unmanned, man fits into the
loop,” said Dr. Pickering. “If the
vehicle is unmanned, man is on the
ground directing it or has the ca-
pacity to give it a certain number
of commands.”

Manned-unmanned mix

As to proportion of control: “I
believe that the optimum is a
manned-unmanned mix,” said Dr.

Seismic experiment package is deployed by Edwin Aldrin Jr. Already in place
at left center is the laser reflector. To the left of it is the American flag and,

far left, the lunar surface TV camera.
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Krafft A. Ehricke, chief scientist
for advanced programs, North
American Rockwell Corp. Space
Div. in Downey, Calif.

Dr. Ehricke went on to say that
although the proportions of the
mix will vary as the technology
progresses, man will always have a
place in it.

There are those, on the other
hand, who argue that exploration
can be better accomplished un-
manned. Dr. Bruce C. Murray of
the California Institute of Tech-
nology in Pasadena, Calif., strongly
supports this view. He said:

“If one takes any particular
function and sets out to do it, he
can pretty well arrive at the fact
that it’s cheaper to do it unmanned
than manned. Often you can do it
better. For example, in making
astronomical measurements from
orbit, man interferes. He inter-
feres with the stabilization system.
If you want to get a second of arc
accuracy in pointing, having a man
aboard is a very serious problem.
He moves around, and his heart-
beat causes problems.”

Man’s judgment useful

Dr. Pickering countered: “Man’s
judgment in making observations
allows him to take advantage of
targets of opportunity which would
be missed if he weren’t there on
the spot. Take the example of an
unmanned Surveyor sitting on the
moon. The television camera can
report to earth that there is a rock
that looks interesting. But a man
accompanying the same Surveyor
could say: ‘That rock isn’t very in-
teresting, but there is one over
here, just out of sight, which
looks very interesting. Let’s go
over and get that one.” Man adds
the dimension of performing func-
tions which were unanticipated.”

Steps in outer space

What of the future, now that the
U.S. has opted for putting astro-
nauts in the loop?

“Whenever you go into a new
environment, there are three basic
steps,” Dr. Ehricke said. “They are
exploration, occupation and wutil-
ization.

“The exploration is the invest-
ment. In other words, you find out
what is there and what are the
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conditions of the environment. Af-

ter you have found out what it is

all about, you have to go into the
occupation phase.

“That means you have to assure
yourself of a good foothold; that
you can exist there, work there and
you can get there and back. Access
and residence are the two major
objectives of the occupation phase.

“The final phase is when you
finally start to utilize the new en-
vironment on a practical basis.”

The next step in this nation’s
moon program is the occupation
phase. NASA plans to establish
space stations and to develop resi-
dence and good access capabilities.

To advance into the utilization
phase, Dr. Ehricke said, we must
answer two questions: Are there
useful resources in space? If the
answer is yes, then is man needed
to tap them?

“The answer to question one is
definitely yes,” Dr. Ehricke said,
“Space is useful in three respects
primarily :

“1. Information transmission. We
are using this already with com-
munication satellites. We will ex-
pand this into education from
orbit. For example, I can see a
portion of our foreign aid being
instructions to farmers in lesser
developed countries on how to
improve their crops.

“2. Information acquisition. This
refers to observing and taking
inventory of our planet. Earth
can be thought of as a spaceship.
In order to operate our ship
properly, we must have proper
status reports. There must be a
global inventory of our resources.

“3. Value generation. Processing
the environment of space, for ex-
ample, could include focusing
light and beaming it down at
certain territories. Rescue opera-
tions could go on around the
the clock. Certain areas of cities
could be illuminated to fight
crime at night. That would be
processing a natural environ-
ment, like sunlight, from space.
And that gets us into processing
other materials utilizing the en-
vironment.

“Weightlessness and vacuum are
two very important factors that
can be used. I would like to expand
on this by saying that space offers
the ability to choose your own g
level. Weightlessness is just one

extreme. Space offers the possibil-
ity of extreme weights that can’t
be produced on the earth. This is
due to the fact that centrifuges in
space don’t have to deal with air
drag. Certain alloys can be formed
at 10,000 g’s. The technique on the
earth is called explosive forming,
since these g levels can only be
provided momentarily rather than
for long periods of time as in
space.”

Yes, Dr. Ehricke-affirmed,
wherever judgment, intelligence
and rapid responsiveness to unfor-
seen situations are necessary, man
must be in the loop. He fits into all
three steps in the space program:
exploration, occupation and utiliza-
tion.

“His place in exploration is with
reconnaissance flights,” Dr.
Ehricke summed up, “but only af-
ter unmanned probes. Man really
comes into his own in the occupa-
tional phase.” ¥

Support for this position is wide-
spread, even outside the scientific
community.

Col. John H. Glenn, the first
American astronaut to circle the
globe and now the president of
Royal Crown Cola International in
New York City, told ELECTRONIC
DESIGN in an interview:

“Up to now, most of the.effort
in the space program has been con-
cerned with trying to define man’s
role—what he can do best and what
he can’t do—and developing the
transportation system for him to
use.

“I think that the next major
thrust in space will be utilizing this
transportation system, which we
have spent over $20-billion to de-
velop, to get a maximum scientific
return from it. We should get as
much information as we can: earth
resources, and earth orbiting labo-
ratory and new techniques to
utilize the weightlessness in space
in manufacturing.”

Dr. Issac Asimov, professor at
Boston University and a writer of
science fiction, said: ‘“Men are
curious. Men want to go. To not go
would ruin the whole thing psycho-
logically.

“A self-supporting colony on the
moon is the most important pos-
sibility of all. It will establish a
psychological frontier once again.
The earth has largely vanished as
a frontier.” mm
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graphed by Astronaut Neil Armstrong. The lunar module,
TV camera, experimental equipment and Armstrong are
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Apollo’s success
rubs off on earth

Elizabeth deAtley,
West Coast Editor

Winning the “race” to the moon -

has cost this country billions. Is
it all money down a lunar crater
now that the feat has been proved
feasible ?

Not at all, says NASA. Aside
from the breakthrough in scien-
tific research, more than 2500 sig-
nificant technological advances in
the American economy are directly
attributable to the space program.
“Cross-fertilization” and spinoffs
from the national space effort have
produced improvements in every-
thing from paints, materials and
medicine to communications, com-
puters and television, the space
agency says.

Among major electronics indus-
try advances are these:

m The Carousel IV inertial guid-
ance system that has been installed
on the new Boeing 747 jumbo jets
is based on the same principles as
the onboard Apollo system (see “$1
million for 747 Superjet Electron-
ics,” ED 15, July 19, 1969, p. 28).
The two were developed in parallel.

Engineers are applying software
techniques they learned in develop-
ing the inertial systems to the com-
puter control of everything from
rush-hour traffic to shifts in the
economy.

m TV display techniques used to
simulate the rendezvous of the
Apollo Lunar Module and Command
Module are being used in highway
safety research and computer-gen-
erated movies.

® Disc-recording techniques used
to convert color TV pictures from
the moon for commercial telecast-
ing are similar to techniques now
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Computer-generated TV display shows a
and command module. By manipulation of a control stick, the objects can be
shifted to any position.

being used in X-ray television pho-
tography for “stopping” the X-
rays at a critical moment. The
same technique is being applied to
the transmission of graphic dis-
plays over telephone lines.

Inertial guidance for planes

Present jetliners use radio or
radar systems to navigate. Over the
ocean, star sightings by a crew
navigator may be used. On the
Boeing 747 jetliners that are com-
ing into service, the pilot feeds his
takeoff point and destination into

simulated docking of a lunar module

the Carousel IV inertial guidance
system; the system’s computer cal-
culates the shortest course to fly.
Enroute the pilot has a continuous
display of longitude and latitude,
true heading, wind direction and
ground track and
and time and distance to destina-
tion.

When connected to the autopilot,
Carousel IV steers the plane, while

speed, speed,

the pilot monitors flight progress
on the continuously updated control
and display unit. On a recent test
flight, the guidance system flew
the aircraft automatically across

-
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the Atlantic from Canada to the
English coast.

Pan American World Airways
says its test flights show the
Carousel to be five times more ac-
curate than present forms of navi-
gation. It hopes the improved long-
range accuracy will allow ocean air
corridors to be narrowed so that
twice as many planes can fly in
the same airspace. Now planes
must stay within assigned corri-
dors over the North Atlantic—cor-
ridors fixed by international agree-
ment at 120 miles wide in areas
where traffic is heavy. With in-
ertial guidance in general use, air-
line officials estimate that it would
be safe to narrow the lanes to
about 60 miles.

The Carousel navigation system
includes an inertial reference unit
—a stable platform—a digital com-
puter, electronic and heat-control
elements, and a power supply.
Complete with a case and mounted
in the aircraft, the system weighs
some 50 pounds. It is less than one
cubic foot in volume—smaller than
an office file drawer. Federal Avi-
ation Administration regulations
specify that each aircraft must
have three of these units for re-
dundancy.

The Apollo guidance and control
system is far more complex than
Carousel IV, but the basic principle
is the same. Both systems have an
inertial platform. In the Apollo
system, the platform is held fixed
in space, regardless of vehicle mo-
tion, whereas in the Carousel it is
held perpendicular to the earth’s
surface by rotation at a fixed rate.
Both systems have a computer that
calculates the trajectory in “iner-
tial space”—that is, in the coordi-
nate system determined by the in-
ertial platform.

New software techniques

The ability of a small space or
airborne computer to perform com-
plex trajectory calculations stems
from new software techniques de-
veloped for the space program, says
Harlan Neuville, group head of en-
gineering systems for the Apollo
program, AC Electronics Div., Gen-
eral Motors Corp., Milwaukee. In
the older technique of processing
trajectory data—called least-square
fitting—all the velocity/position
readings were retained over a
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period of time in the computer
memory. For each new reading, the
computer recalculated the average
trajectory by performing the soft-
ware analog of drawing a smooth
curve through all the readings
plotted on a graph.

This technique requires too much
memory to be practical for a space
computer, says Neuville. “After all,
you can’t very well send a whole
IBM complex to the moon.” The
technique used in airborne space
computers, he says, is based on pro-
graming a computer to evaluate
data statistically as it is received.

“We make a mathematical model
of the Apollo and use all the infor-
mation from simulated flights, as
well as from previous real flights,
to update the model,” he explains.
“In this mathematical model, we
put data on the statistical accuracy
of every measuring device that will
give information to the computer,
as well as the statistical accuracy
with which each astronaut makes
measurements. The computer con-
tinuously calculates the estimated
trajectory of the spacecraft, updat-
ing it as new measurements come
in. It weighs every measurement it
receives according to the statistical
information preprogramed in its
memory. Based on this informa-
tion, it may choose to accept, modi-
fy or even reject a measurement,
if necessary. In this way the com-
puter only needs to remember a
specific position and velocity for a
short increment of time, rather
than for the duration of the flight,
as with least-square fitting. So it
doesn’t need a huge storage capa-
bility.”

The same technique of statistical
analysis and mathematical model-
ing, Neuville points out, can be ap-
plied to control or monitor any
complex process that can be mod-
eled. “You can take measurements
from which you derive a model
that lets you predict what can hap-
pen,” he notes.

Traffic control is an obvious ap-
plication. “You can measure the
traffic rate through a certain tun-
nel at different times and make a
mathematical model of it,” Neu-
ville Then, based on this
model, you can set up traffic
lights that will allow just enough
traffic in the tunnel so that every-
body gets home as quickly as pos-
sible. Somebody may have to sit on

says.

the ramp for 20 minutes, but if you
let him go ahead immediately, it
would take him a lot longer than
that because of the congestion in
the tunnel.”

Simulating the unknown

One of the biggest developments
in the Apollo program has been
simulation techniques, says Gordon
Heffron, manager of the Guidance
and Navigation Dept. of Bellcom,
Inc., a part of the Bell System that
performs systems analysis and
study, planning and technical sup-
port for NASA and the Bell Sys-
tem. Heffron says computer simu-
lations are used to check out every
part of the Apollo system.

For example, in checking out the
onboard computer, not only is the
computer itself simulated, but also
its program, the measurements it
receives and even the world outside
the spacecraft. To simulate what
the program calls the ‘actual
world,” Heffron says, “we set aside
one part of the computer program
as the actual world, and we assume
that the information it contains is
perfectly correct, whereas the in-
formation in the rest of the pro-
gram is off by some amount. For
example, we don’t know the gravi-
tational attraction of the earth to
better than about 1 part in 107, so
we make it bigger by that amount
in the actual-world model than in
the rest of the program. We also
put some atmospheric drag in the
actual-world model.”

Although the idea of simulating
one computer on another is not
brand new to Apollo, Heffron says,
“we certainly demonstrated that it
was feasible to do this on a very
high level of complexity.” He be-
lieves that simulation techniques
will be used in many different
areas of computer control in the
next few years. In addition to rush-
hour traffic simulations, which he
says most major cities will be us-
ing in the next five years, he sees
the measurement of the national
economy as a big application area.

“I think we have finally reached
the stage in our ability to simulate
where probably we will be able to
find out how to control our econ-
omy better,” Heffron says, “and I
know there is going to be a big
push toward this over the next 10
years.”
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A powerful tool for generating
TV displays by computer and mov-
ing them about on the screen has
been developed by the General Elec-
triec Co.’s Electronics Laboratory in
Syracuse, N.Y. In a system built
for the Guidance and Control Div.
of the Manned Spacecraft Center,
Houston, a picture of an object,
such as the Lunar Module or a
simulated lunar surface, can be
projected onto a screen in front of
the observer. By manipulating a
control stick, he can, in effect, en-
ter the scene and move around in
it. On his screen, he can observe
the object from any angle and at
any distance, in effect moving him-
self toward or away from the ob-
ject at an apparent speed that he
controls with the stick.

The scenes are produced by com-
puter. The system contains no
mockup models or cameras. In-
stead, a description of the various
objects to be displayed are fed in-
to the computer in the form of
numbers. These numbers define
the shape, color and size of each
object. The observer can call up
any object in the computer’s mem-
ory. As he moves his control stick,
the system continuously recom-
putes the appearance of the dis-
played object from the angle and
distance that correspond to the
instantaneous position of his stick.

NASA’s 3-display system

The Apollo system, called the
NASA Electronic Scene Generator,
has three displays. It can be set up
so that an observer at one display
may see, for example, the Lunar
Module on his screen, while a
second observer at another display
acts the part of the astronaut who
guides the Lunar Module. The sec-
ond observer sees the Command
and Service Module and moves him-
self relative to it. Each observer
sees not only the effects of his own
motion relative to the other space-
craft, but also the movements made
by the other observer. In addition
an observer at a third display can
see both spacecraft and control his
own motions with respect to the
two others.

William Miller, manager of the
Simulator Guidance Development
and Applications, Guidance and
Control Div., Manned Spacecraft
Center, says the displays are used
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mainly to check out system per-
formance. For example, the equip-
ment was used in the development
of the guidance and control sys-
tems.

“The scene generation equip-
ment,” he explains, “is tied in with
special ‘problem’ computers that
are programed to simulate the be-
havior of systems you want to
check out. Sitting in a mockup of
the spacecraft, the engineer or as-
tronaut can manipulate controls
that are connected to the problem
computers, causing the display to
respond as if he were looking out
the window of the spacecraft in
flight. What he sees in the display
can either be a simulated lunar
surface, if he is doing a landing
study, or another space vehicle if
he is doing a docking or rendezvous
simulation.”

Most scene generators use a TV
camera, which moves relative to a
mockup real object. The mathe-
matically modeled display has many
advantages, according to Rodney S.
Rougelot, manager of visual simu-
lation at GE. For example:

m Mathematically formed images
are always in focus.

m The observer can maneuver
within his simulated environment
with complete dynamic freedom.
This capability allows an architect,
for example, to inspect the interior
of a house, or the driver of a car
to pass beneath an overpass.

m Objects in the environment
can freely move. Because they are
simply numbers, one need not sup-
port them with gimbals or tracks.

In the NASA Electronic Scene
Generator, the displays are 21-inch
color monitors built originally for
commercial TV at 525 lines per
frame. These monitors have been
improved, however, to allow display
of a 600-line by 600-element TV
raster. The equipment that drives
the display monitors consists of
two special-purpose digital comput-
ing units, controlled by a modified
Raytheon 520 general-purpose com-
puter.

The system creates TV images
by computing them fast enough to
keep up with the TV scanning
rate. Consequently the computing
units have a large logic capability
—=85,000 logic gates—but a rela-
tively small memory—6000 30-bit
words and 4000 24-bit words of
magnetic core memory. The objects

to be shown in the image are stored
as coded numbers in the memory,
and the computing units recon-
struct them in TV form as they
are being displayed.

The computing units produce
images at a rate of 20 frames per
second—fast enough so that there
is no flicker—and a scene can be
represented by as many as 240
straight edges.

Applications for highway safety

Since the NASA system was
built, says Rougelot, GE has devel-
oped a technique for generating
up to 1500 straight edges per im-
age at a rate of 30 per second.
Such an expanded capability is use-
ful for many purposes, he says.

“For example, according to a
study we have just completed for
the U.S. Department of Transpor-
tation through UCLA, it could be
used for highway safety research,”
he notes. “The user could drive
along a simulated highway and
look for problem areas—such as
dangerous intersections or sudden
curves—as they appear on the
screen.

“We have also proven the feasi-
bility of making realtime changes
in a complex display. Suppose, for
example, that you have designed a
highway and have simulated it in
the computer. In a realtime system,
you could make changes as you
drove along. One obvious way to
implement such a system would be
to store in computer memory a
catalog of precomputed items, like
bridges, signs, overpasses, under-
passes, ete. By touching the display
with a light pen and perhaps push-
ing a button, you could call up one
of these items and place it where
you wanted it. Then, by pressing
some more buttons, you could
change its color and perhaps its
scale.”

This interactive -capability re-
quires very sophisticated software,
Rougelot points out, “but it is def-
initely feasible.”

In the Apollo TV built by West-
inghouse, Baltimore, the color sig-
nals that arrive from the moon in
serial form are stored on a dise
recorder at Houston and played
back in parallel for retransmission
over commercial network channels.
Essentially the same technique is
being used in other fields—for ex-
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Video disc recording system (right), developed by Data Disc Corp., is con-

nected to standard X-ray equipment at Stanford University Medical Center in
Palo Alto, Calif. The X-ray motion pictures are recorded and played back at

slow speed for the physician.

ample, in stop-action X-ray pho-
tography and the transmission of
high-resolution images over tele-
phone lines.

The technique is simple in con-
cept. The video signal is recorded
on a disc, one frame or field per
track, and played back in such a
way as to obtain some desired ef-
fect. For example, in stop-action
TV, a single track (or TV frame)
is played back continuously to a
TV monitor, causing it to scan the
same frame repeatedly.

The Apollo camera—to hold size
and weight to a minimum—con-
tains a single tube instead of three
(one each for red, blue and green
light), as is standard in color TV
cameras. Before the light enters
this tube, it passes through a rotat-
ing wheel that is divided into red,
blue and green segments. The
wheel rotates at a speed that al-
lows an entire scene to be scanned
in each color. Thus the resulting
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video signal consists of red, blue
and green fields transmitted seri-
ally. On the ground, a video switch
sorts out the fields, so that each is
recorded on a separate disc track.
The tracks are then read out in
parallel to the commercial TV color
encoder, just like the output of a
standard three-gun color camera.

Stanley Lebar, program manager
for the Apollo camera at Westing-
house, says disc storage is the only
medium possible for this applica-
tion. “We need many channels at a
time,” he points out, “and it is
very difficult to get more than one
high-level video channel onto tape
because of the wide bandwidth re-
quired per channel.”

The total weight of the Apollo
camera is less than 14 pounds. Its
single tube is a very low-light-level
vidicon of the type used in Viet-
nam for taking nighttime pictures.
According to Lebar, the camera,
without the color wheel, will take

pictures at illuminations down to
10-* foot-candles. “This is about
the illumination you get on earth
from a quarter moon,” he explains.
“But to take pictures in color, you
need the color wheel, and that fil-
ters out the light. So you need
about 1 foot candle illumination.”

Medical applications predicted

Data Disc of Palo Alto, Calif.,
the company that built the disc
storage converter used with the
Apollo camera, has recently an-
nounced a new system for record-
ing X-ray moving pictures. This
system has several possible medical
applications, according to Dr. Lou
Wechsler, head of the Radiological
Dept. at Stanford University Medi-
cal Center, Palo Alto. Its primary
application, he says, is in recording
X-rays of the heart during a car-
diac catheterization.

“This is a minor surgical opera-
tion,” he explains. “We run a cath-
eter into the heart and inject a ma-

_ terial that contains iodine through

the catheter, so that the particular
area of the heart we want to see
will show up in an X-ray. We put
a fluoroscopic device over the pa-
tient’s chest to see the heart. The
iodine only remains visible for 4
to 10 seconds—too fast for us to
see what is going on in real time—
so we take motion pictures at a
rapid frame rate—50 to 80 frames
per second—and play them back at
slow speed.”

Dr. Wechsler points out that or-
dinarily “you can’t be sure you
have gotten the area you wanted in
the pictures until you develop them
—and that takes at least a half
hour, assuming you have a dark
room in the hospital.”

“You can’t let your patient lie
there with a catheter in his heart
for a half hour or more while the
X-rays are being developed,” he
points out. “On the other hand, you
hardly want to remove the cath-
eters, send him home, and risk hav-
ing to repeat the whole operation
if you didn’t get what you wanted
the first time.”

This problem—and others like it
—can be solved, Dr. Wechsler says,
by storing the sequence on a video
disc and playing it back immedi-
ately. mm






We make

components for
guys who cant
stand failures.

We make our capacitors
and resistors to perform like 40
million people were watching
in on the count down.

And we build an extra measure
of performance into all of them, to
let you make sure your equipment
delivers all you designed into it.
Because like you and the guys who
use your equipment, we can’t stand
failures either.

Take our glass capacitors, for
instance. There’s only one reason
why they’ve been designed into the
Surveyor, Minuteman, Gemini,
Apollo, Saturn, Titan, Syncom,
Sparrow, Hawk, and a number of
other major aerospace and missile
projects. With our glass capacitors,
circuit designers could get the
proven stability and reliability that
these important systems demanded.
UL.S. Air Force tests have estab-
lished that our glass capacitors have
much better stability and much
higher insulation resistance than
ceramic and mica capacitors
can deliver.

And take our precision tin oxide
resistors. They’re the best of the
metal film class. Because the resistive
tin film is completely oxidized and
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molecularly bonded to the glass
substrate, our tin oxide resistors are
impervious to moisture and
environmental degradation. No
other resistor can deliver the same
stability and reliability over load
life. They offer guaranteed moisture
resistance across all ohmic values

to set a standard of reliability that
can’t be matched by metal film, wire
wounds, carbon comps or metal
glaze resistors. After a 56-day-long
heat test in an environment of
extremely high humidity, our tin
oxide resistors showed a resistance
change of just 0.2 per cent. And

in an ambient temperature test—
now in its ninth year—not one of
the 600 tin oxide resistors being
tested has exceeded a resistance
change of 1.5 per cent.

But don’t only think of Corning
for aerospace and other precision
applications. We've got something
to offer when economy and value
are the prime considerations. At
Corning we’ve been active in im-
proving these important capacitor
and resistor characteristics, too.

We've developed the Glass-K™
capacitor to give you the volumetric
efficiency and economy of mono-
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lithic ceramic capacitors, but with
the much improved stability and
reliability that only a glass
dielectric can add.

In resistors, our tin oxide re-
sistors already offer long term
economy over metal film, preci-
sion wire wound and metal glaze
resistors. And our new C3 resistors,
in addition to giving you a small
case size, compete costwise with
carbon comps.

At Corning we make com-
ponents for guys who can’t stand
failures. Guys like your most impor-
tant customers. Guys like you.

So, next time you're designing a
system, reach for your CORNING®
capacitor and resistor catalogs and
call your local Corning authorized
distributor for off-the-shelf delivery.
They’ll help you design-in that
extra measure of performance.

If you don’t have our catalogs,
ask your Corning distributor for
copies or drop us a line at: Corning
Glass Works, Electronic Products
Division, Corning, New York 14830.

CORNING
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Whats the best
Monolithic Ghip Gapacitor?

Mono-
%@\‘a\a\! 0no-4, )

CENTRALAB MONO-KAP

dee for yourself.

ACTUAL MICROGRAPHS OF RANDOMLY SELECTED MONOLITHIC CHIP CAPACITORS.

p e e e

COMPETITOR A COMPETITO

The superiority of Centralab Mono-Kap chips is
clearly visible . . . pin holes that destroy reliability
and long life are virtually eliminated. The beauty
and superiority of these new monolithic chip
capacitors is much more than skin deep, too.
Centralab is alone in testing 100% for

factor and capacitance. We also man-
ufacture our own ceramics, thick
film microcircuits and a broad line of
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circuits we could manufacture. Centralab’s Mono-
Kaps have been tried and proven in a wide variety
of industrial and military microcircuits. We have
a wide variety of materials, physical sizes and
capacitance values, all priced competitively and

delivered in as little as four weeks. If

closer look, call on your local Centra-
lab Representative for samples and
product data. Have requirements for

flash, insulation resistance, dissipation ‘5 seeing is believing, and you'd like a
N

capacitors. As a designer of micro-
circuits, Centralab developed the

Mono-Kap to increase the scope of L i

encapsulated Mono-Kaps with termina-
tions? Send your specifications to Cen-

s tralab, Application Engineering Dept.

GLOBE-UNION INC *T™
5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

M-6919
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Future Mars mission debated

Today the moon, tomorrow . . . .?

With the nation and its leaders still

in the full flush of a spectacular

moon landing and return, the
question on many lips is: “Where do

we go from here?”’ Many believe that

the first hint of a future manned Mars
probe has been made by the Nixon
Administration. On July 16 at the Kennedy
Space Center, just after the launch of
Apollo 11, Vice President Agnew
stated that he didn’t want to see the
“wonderful team” assembled in this program
dispersed “because someone was too
short-sighted to provide enough of the
material support to continue with these
programs.” This view was strongly
seconded by NASA’s Dr. Wernher von
Braun who was also present at the launch.

With each successful accomplishment during
the Apollo 11 mission, optimism of key
officials increased. President Nixon made
several public statements indicating

the need to continue this manned adventure
with planetary probes and further indicated
a possible goal of achieving planetary
exploration on a multination basis by

the turn of the century.

NASA officials, during Apollo 11’s

return to earth, were even more exhuberant.
At a press conference, Dr. George P. Mueller,
associate administrator for Manned Space
Flight, said: “We are this evening on the
way back from the moon after one of the
most historic occasions, one of the
greatest achievements man has ever carried
out.” Dr. Robert Gilruth, director of

the Manned Spacecraft Center in Houston
then said: “This is the way to go to Mars
when the time comes.” Dr. Mueller, in answer
to a question concerning the future declared:
“It seems quite clear that the planets

of the solar system are well within our
ability to explore, both manned and unmanned
at the present time.”
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Re 0' ‘CHARLES D. LAFOND
/ WASHINGTON BUREAU

But, of course, there will be a resistance

to an early move for a national commitment
to a Mars manned exploration. Dr. Lee
DuBridge, the President’s science advisor
and director of the Executive Space Task
Force, has stated his belief that “at least

10 to 15 years” will be needed for unmanned
planetary investigation before sending man
to Mars.

There is in the industry a real fear that
our great space team will indeed suffer
during the next few years. Of the $24 billion
roughly committed to the Apollo program,
$22 billion has been spent. There are now
only nine more planned lunar missions

to complete the Apollo effort by the end

of -1972.

Overlapping this is the Apollo Applications
Program, several times delayed, which
would put a 12-man research station

into earth orbit, hopefully by 1972.

Also under consideration is a larger 50-man
space station to be put into earth orbit

by the end of the decade, and the development
of a re-usable maneuverable space shuttle
to supply it. (North American Rockwell
Corp. and McDonnell-Douglas last month
were awarded contracts to perform
competitive design studies for both
orbital stations. But today these efforts

are largely on paper.

Defense profit formula hard to work

“We are going to do this—it’s going to
happen,” says Barry J. Shillito, assistant
defense secretary for installations and
logistics, referring to proposed Defense
Dept. contract guidelines prepared more
that 18 months ago but still not implemented.

The proposed guidelines would place more
emphasis for allowable profits on the
contractor’s investment rather than simply
on direct costs. Thus, in the new procedure,
roughly half of the military contractor’s
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allowable profit for a given program might
be based on a return from his capital
investment and the other half on direct costs.
The intent is to encourage cost-cutting by
contractors and at the same time provide
incentive to the firm for investing more of
its own money in the program.

The problem, says Shillito, is the
complexity inherent in applying the
guidelines. Military negotiators must have
some clear-cut method of establishing
how much of a firm’s investment can be
allocated to a particular program.

The approach is controversial. As might
be expected, electronics and aerospace
firms are cool to the idea. Opposition from
large diversified industrial firms whose
defense business represents only a portion
of annual sales have remained expectedly
quiet, since they normally have expended
heavily in capital investment.

However, some of the largest defense
contractors are almost totally supported
by government contracts, and their
investments are relatively small. The
latter have the most to lose by the new
guidelines and have been quietly fighting the
proposed profit formula behind the scenes.

Senate cuts could hit electronics

If the military procurement reductions

in some major programs are accepted

by the Senate, the reaction certainly will
be felt throughout the electronics industry.

Last month the Armed Services Committee
reported out a $20.1-billion authorization
bill for fiscal 1970, representing a new

cutback of $1 billion. Among those losses

the closest to the heart of the electronics
industry were complete elimination of a
$75-million request for R&D in the SAM-D
ground-to-air defense missile; a reduction

of $25 million in the Navy S3-A antisubmarine
warfare aircraft development effort (leaving
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$140 million) ; a reduction in the airborne
warning and control system (AWACS) from
$60 million to only $16 million; and a cut

of nearly $479 million worth of A-7D and
A-TE fighter aircraft. The latter item actually
involves a procurement swap; the Air Force
lost $375 million for A-7Ds but got it

back to purchase F-4E fighters.

Untouched, but expected to encounter

lengthy argument on the Senate floor were
the full request of $345.5 million for the
Safeguard ABM, $758 million for the C-5A
transport, and merely $460 million

for the Navy Poseidon-submarine retrofit
program. No argument is expected on the full
$239 million for the Navy’s F-14A fighter.

Universities establish space group

The Lunar Science Institute in Houston may
soon have new management. The institute,

to which NASA has made available its new
Lunar Receiving Laboratory—quarantine
center for the Apollo 11 astronauts—is now
operated by the National Academy of Sciences,
but its contract with NASA ends this fall.

Meanwhile, 48 universities have joined
together to form a consortium called
Universities Space Research Association
(USRA). The intent of this organization,
says the National Academy of Sciences,

is to “foster cooperation among universities, |
other research organizations and the U.S.
government for the advancement of space
research.”

USRA plans to acquire, build and operate
laboratories and other research facilities.
It has already proposed to NASA that

it be given management responsibility for
the Lunar Science Institute.

The institute functions as both a work and
study center for scientists associated with any
aspect of lunar science, including the
current studies of materials carried back
from the moon.
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Is your passiv
component supplie
asreliable as

his componen

order. Write AIRCO SPEER

He’s fine at meeting industry
specifications. Even exceeding
them. But what about customer
service? Does he sometimes act
as if that's a necessary evil?
0 And have you been telling
yourself that you have to put up
with this kind of an attitude in
order to be sure of getting com-
ponents that are truly reliable?

O Then it's time you learned
about us. We're one of the lead-
ersincomponent reliability—and
we deliver in every other area
as well. You bet we meet dead-
lines—speed samples—maintain
competitive prices—and provide
prompt technical assist-
ance. [J If this kind of ex-
tra reliability would be
a nice innovation, why
not put us to the test.
Give us an urgent request for

ELECTRONIC COMPONENTS,
St. Marys, Pennsylvania 15857.
[ Then watch us perform.

technical assistance.Oranurgent

The passive innovators at /AlRCU opeer

Speer resistors [] Resistor and conductor paste [] Jeffers JC precision resistors [ Jeffers JXP precision resistors
and networks [J Jeffers inductors [J Jeffers capacitors [1 PEC variable resistors and trimmer potentiometers.
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TI introduces
8 new ones.

With some new design ideas, too.

Once again, TI extends your cir-
cuit design spectrum with new
FET products and design ideas.

Here’s a variety of eight new
field-effect transistors that can
spark ideas for your circuits. We
have a brand-new design brochure,
too, which contains a score of FET
circuits you can use.

3N160 and 3N161 MOS FETs

If you’re interfacing IC logic,
you’ll want these new 25-volt MOS
FETs. Low threshold voltages of
1.5 to 5 V make them ideal for
bridging the gap between MOS
and TTL or DTL bipolar circuits.

Low leakage and high input im-
pedance keeps drift to a minimum
in operational amplifiers and pro-
vides high accuracy in electrom-
eter circuits. Use them too for
shift-register circuitry, timers, or
proximity detectors.

The 3N161 features a zener-
protected gate to guard against
static-charge damage.

In 100-piece quantities, the
3N160 is $4.50 and the 3N161 is
$4.70.

For a data sheet circle reader
service card number 145.

2N5545-47 Dual FETs

Designing operational, general
purpose or differential amplifiers?
Try TI’s new n-channel FET duals:

2N5545, 2N5546, and 2N5547. In
100-999 piece quantities for $15, $9
and $7.50.

They’re tightly matched: 5, 10
and 15 mV max gate-source differ-
ential. Temperature drift of the
2N5545, for example, is less than
10 xV/°C and its output admittance
is matched within 1 umho for su-
perior common-mode rejection.

For a data sheet circle reader
service card number 146.

2N5549 High-Frequency FET

For designers of low-level chop-
pers, logic switches, multiplexers
and RF, IF and VHF amplifiers...
there’s the new n-channel 2N5549
switching FET. Only $3.30 in 100-
piece quantities.

It gives you high gain and low
noise —typically 15dB gain and
3.5dB noise at 100 MHz. For three
good reasons: high transconduct-
ance —greater than 6,000 umhos.
Low feedback capacitance—2pF
max. And low on-resistance—
100Q max.

For a data sheet circle reader
service card number 147.

2N5543, 2N5544 High-Voltage FETs

Want to replace a tube with a
transistor? Plug in the new 2N5543
or 2N5544 high-voltage n-channel
FET. $3 and $2.50 in 100-999 piece
quantities.

Prices are manufacturer’'s suggested list; subject to change without notice,

Use them as one-to-one replace-
ments tubes. In high-voltage
switching. Large-signal amplifiers.
CRT deflection circuits. And line-
operated amplifiers in industrial,
communications and home-enter-
tainment equipment.

They have high gate-drain break-
down voltages—300 V (2N5543) or
200 V (2N5544). High transconduct-
ance — 750 umho min. And low feed-
back capacitance — 2pF.

For a data sheet circle reader
service card number 148.

All eight new FETs are available
from authorized TI distributors or

TI field sales offices.
S “FET Design
design ideas

Ideas” is a must
for every circuit
- design engineer’s
£y reference file. It
contains: 20 circuit
diagrams covering
a wide range of applications. How
to bias field-effect transistors. Ap-
plications literature available. And
short-form data on all of TI’s stan-
dard FETs.

To get your copy, write direct to
Texas Instruments Incorporated,
PO Box 5012,MS308,Dallas, Texas

75222. Or just circle I Eﬁo

froom Texas Instrumenty

reader service card
number 149.

TEXAS INSTRUMENTS
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Intech takes on the Op Amp Boys.

We're a David among Goliaths. And we know it.

So does Philbrick/Nexus, Analog, Burr-Brown, et
cetera, et cetera.

They’re our competition, and maybe your present Op
Amp supplier.

We're out to change that . . .
FET input op amps.
Here’s our story.

We've gotten the best component and design engi-
neering talent the industry had available. We let them
have the run of the house.

What they do constantly amazes us.

and to give you better

Like the A-130: a high speed, FET input Op Amp that
has a slewing rate of 600V/us (typ) and a settling time
to 0.1% of final value in less than 1us in an amplifier
with a 6 dB roll-off. The price is almost half of the
competition’s.

Don’t believe us, or our engineers, though. In this
business specifications, performance, and price are
the considerations. A test is worth a thousand words.

For more information on our operational amplifier
line, contact your nearest Intech representative, or
call or write us direct. Intech Incorporated, 1220
Coleman Avenue, Santa Clara, California 95050. (408)
244-0500.




Here are some
of our boys

REPRESENTATIVES
Washington, Oregon, Idaho, Montana
British Columbia, Alberta
Arneson Associates, Inc.
5950 6th Avenue South
Seattle, Washington 98108
(206) 762-7664

Arneson Associates, Inc.
200 N.E. Canyon Road
Beaverton, Oregon 97005
(503) 646-3416

California, Nevada
Measurement Associates

789 E. El Camino Real
Sunnyvale, California 94086
(408) 739-7785

Measurement Associates

219 West Manchester Boulevard
Inglewood, California 90309
(213) 671-7651

Texas, Arkansas, Louisiana, Oklahoma
Carter Associates

400 South Forrest Gate

Garland, Texas 75040

(214) 276-7151

Alabama, Mississippi, Georgia, Tennessee
20th Century Marketing, Inc.

902 Bob Wallace Avenue, S.W.
Huntsville, Alabama 35801

(205) 536-1596

Eastern lowa, Minnesota, Wisconsin,
Northern lllinois, Indiana

Gassner & Clark Company

6644 N. Western Avenue

Chicago, Illinois 60645

(312) 764-6121

Massachusetts, Maine, New Hampshire,
Vermont, Connecticut

KCA Components Inc.

1656 Massachusetts Avenue

Lexington, Massachusetts 02173

(617) 861-9024

Northern New Jersey, Southern New York,
Fairfield County, Connecticut

Salsbury Associates, Inc.

331 W. John Street

Hicksville, New York 11801

(516) 938-1080

Florida

Conley-May Associates, Inc.
P.O. Box 668

Oviedo, Florida 32765

(305) 365-3283

Conley-May Associates, Inc.
1010 E. Atlantic Boulevard
Pompano Beach, Florida 33060
(305) 943-8284

Conley-May Associates, Inc.
P.O. Box 13283

St. Petersburg, Florida 33733
(813) 822-0161

if intech
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Letters

How can electroni_cs
be wed to education?

Sir:

Re “Classroom Electronics Still
in Groping Stage,” (ED 1, Jan. 4,
1969, p. 64): I could not agree
more. But are there real opportuni-
ties here? Perhaps, but it will take
much effort to bring them about.

Few, if any, school administra-
tors are technically able to judge
the equipment they buy. They are
quite willing, however, to hire an
educational consultant to help them
make decisions. What they end up
hiring is another educator who
very nearly duplicates their own
knowledge, but in addition has ac-
quired some familiarity with hard-
ware, gained largely through ob-
servation and use of the equip-
ment.

Underneath this front, the edu-
cational consultant very likely can-
not distinguish between a micro-
circuit and a potentiometer! Such
mere technical jargon is relegated
to the “hardware salesmen” who
“know such things.” Is it any won-
der that dime-store trinkets can
be sold at Tiffany prices?

What about the technical engi-
neer who took time to learn about
educational needs and practices,
and who has become fluent in the
educators’ terms to better his un-
derstanding ? This fellow gets short
shrift for his efforts, since he can-
not claim to be the “head of xyz

university, audio/visual depart-
ment.”
Let us imagine a technical

graduate who then moved over to
the educational field and thus
managed to spend some 10 years at
a university. His knowledge of
theory would be high, but his
chances to practice the applications
of his theory would be nil . . . Ten
vears spent at a university will
not provide the answers to such
problems as device design, integri-
ty, and reliability, nor teach one
to see the relation between field
conditions and product design.
These are the very areas where
major problems exist.

In the early attempts to wed
electronics to medicine, many of

the problems were similar to those
now facing educational electronics.
I suggest that we re-examine some
of these early efforts with the hope
that it will disclose ways to over-
come the educators’ present resist-
ance.

If you are wondering about my
background, I have a career span-
ning more than 30 years in elec-
tronic instrumentation and sys-
tems, covering fields from batteries
to microwaves, with broad experi-
ence in audio, fm, TV and commu-
nications systems; have chair-
manned several national IRE-ETA-
IEEE committees, hold some 19
patents, and have been working in
educational electronics about two
years.

Charles A. Cady
Consulting Engineer
Wayland, Mass.

No moss grows on this
reader of MOS report

Sir:

A number of errors and omis-
sions have crept into your excellent
special report on MOS devices (ED
8, April 12, 1969, p. 49). On page
58 you state that the p-type en-
hancement device is formed by dif-
fusing two wells of phosphorous
into the substrate. Actually, phos-
phorous is an electron-rich dopant
that will, therefore, form n-type
wells; to form a p-type source and
drain, a dopant with an abundance
of holes, such as boron, must be
used.

On page 59 the cryogenic gain of
the MOS is detailed, but no men-
tion is made of the fact that, for
the p-type MOS device, power dis-
sipation is a maximum at such
temperatures and can be a problem
to control.

The statement on page 66, that
low-threshold voltages allow direct
interfacing with DTL and TTL, is
misleading. To properly communi-
cate with these logic types requires

(continued on p. 67)
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#5 OF A SERIES

Standard Circuit of the Month

e Compatible with most MOS
levels

e High speed 200 nanoseconds
typical

e Full military temperature range

e Hermetically sealed TO-8 or DIP
Cans

¢ High fan out

DTL to MOS
LEVEL SHIFTER

Maximum Ratings

Power Dissipation:

Operating Temperature:

Storage Temperature:

Supply Voltage:
Mepco DTL/MOS Level Shifters eliminate the need
for discrete components and add the benefit of min-
iaturization with higher reliability. This new micro-
circuit provides high speed operation and is compat-
ible with most MOS levels.
These level shifters furnish the only DTL/MOS buffer
stage necessary and require less room on your PC

Microcircuits

N

Resistors

180 mw per shifter
—55°C to +125°C
—65°C to +175°C
40V

board than with discrete components. The ‘“‘worst
case'’ design operates over the full military tem-
perature range with all DTL, TTL levels. Packaging
compatibility is offered with most system designs.

For complete information, phone collect or write for
data sheet MC6-669.

Power

Capacitors Resistors

\&3.\ \ MANUFACTURERS 0F PRECISION
ELECTRONIC DEVICES

Wirewound
Resistors

MEPCO INC., COLUMBIA ROAD, MORRISTOWN, N. J. 07960 ¢ (201) 539-2000 « TWX: 710-986-7437
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MASTER MULTI-PURPOSE FM-1/FM-b SYSTEMS

HAND-HELD...MAN-PACK...PORTABLE... MOBILE...BASE...REPEATER

Designed for, tested and proved in the jungles of Southeast Asia, Models FM-1 and FM-5
transceivers meet the needs of 2-way communications: Commerce, industrial plant,
waterfront, law enforcement, fire protection, civil defense, etc. A general purpose
radio-telephone, Hallicrafter's Mode/ FM-5 is solid-state, all environment master of all
communications needs. It may be used, with equal success as a fixed, portable man-
pack, repeater or mobile unit.

Teamed in a single FM system for the 148-172 MHz range, FM-1/FM-5 and available
accessories give you the versatility and reliability to be in command of communications
requirements. For full details, write for descriptive bulletins, available free on request.

You’'re in the Global Communications Community with a Hallicrafters.

#he hallicraffers co.

yof o C 600 HICKS ROAD @ ROLLING MEADOWS, ILLINOIS 60008 ® 312/259-9600

See us in WESCON Booths 5219 & 5220 at the Cow Palace.




J exciting reasons to specity
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Model 262

Digital
Multimeter
(AC, DC, ohms)

A most uncommon .1% Multim-
eter for those common, every-
day measurements. A necessity
for design and development,
production, quality control, or
anywhere that DC volts and cur-
rent, AC volts, and ohms are
measured. Battery pack

e

o) |sk

Model 311

Precision
Calibrator

(voltage & current source)

An .01%o precision voltage and
current Calibrator that serves as
a working standard. In addition,
the high current capability may
be used as a lab source for de-
veloping those critical circuits
so essential in electronics today.

%650

Model 691

21 Column
Printer

(3 lines per second)

A Drum Printer which is ex-
pandable from 4 to 21 columns
to satisfy your specific require-
ments. This versatile printer ac-
cepts all standard BCD inputs
and provides 38 symbols along
with “floating” decimal point.

starting at $77O

See us at booth

DIGIJEC,

by UNITED SYSTEMS CORPORATION

1024 and 1025

3 WESCON/69

60

918 Woodley Road ® Dayton, Ohio 45403 * (513) 254-6251

Representatives Throughout the World
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For Complete
Specifications
request new
catalog D69A
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Solid
State

Relays

Another big breakthrough from the°“little relay”people

Little Relay

d1)

Tb-s Relay

We got our nickname *“‘little
relay’’ people because we usually
put our big breakthroughs in
small packages. (Our success
started when we introduced the
TO-5 relay.) Now, we've made
another breakthrough . . . a
completely solid state, four
terminal relay with enormous
power gain. Only 1 milliwatt
switches up to 5 KVA, and it can
be resistive, inductive, capaci-
tive, tungsten or quartz
lamp loads.

Our new relay operates on
inputs up to 280 VAC or from

3.5 to 300 VDC (either polarity)
permitting direct interface with
TTL logic. Input-output isolation
is 10'" ohms “coil” to "‘contact”
and "‘coil”” to mounting plate.
Dielectric is 2000 VRMS. Output
characteristics include contact
ratings up to 21 amperes,
280 VAC, 60 Hz. Surge current
ratings of 200 amperes, and
“contact” resistance as low as
50 milliohms. And, . . . these are
real breakthroughs for a relay
which doesn't have “coil” or
‘‘contacts.”

Available options include zero

Big Breakthrough

Ay

\

Solid State Relay

voltage switching for RFI suppression and lamp life
extension.

Prices start as low as $18.30 in quantities of 100.
For complete technical data on our Series 6 Solid State
Relay . . . contact us . . . the "little relay” people.

-an"

TELEDYNE RELAYS
A TELEDYNE COMPANY

3155 West El Segundo Boulevard Hawthorne, California
90250 Telephone: (213) 679-2205

ELECTRONIC DESIGN 17, August 16,

INFORMATION RETRIEVAL NUMBER 30

1969

61




Why does the best-
selling digital printer
sell for #3357

Because Victor sells so many of them.
The Victor Imperial digital printer does superbly what any top-quality
serial entry printer does. For less money. Because we sell so many.
It prints 8 column figures from remote sources on either 24 or 48 volt
solenoids. Addition and subtraction for just $50 more. Ten column capacity?
Add $20. Victor’s exclusive printing press action reduces wear (and extra parts),
and assures legibility and long, long life, under the roughest use.
OEM and quantity discounts available, with factory-trained service
‘ representatives covering every county in the U.S.
w3 Does craftsmanship combined with volume manufacturing
economies sell digital printers?

Themost.ﬁVlCTan

r——
] Victor Comptometer Corporation
Business Machines Group
3900 North Rockwell Street
Chicago, Illinois 60618

Tell me more about your best-seller,
the Victor Imperial digital printer:

Name
® 0 Tide
Address
City

INFORMATION RETRIEVAL NUMBER 31
62 INFORMATION RETRIEVAL NUMBER 32



New Hampshire Division
Eastern Division
Western Division

Arizona Division

IMC’s master piece.

Its entitled,"The Master Catalog.”

We squeezed all our products into it.
This limited edition available only from
yourIMOC sales representative.

Arizona Division#®~Rotary solenoids/ Electrohydraulic subsystems/Solenoid valves/Hydraulic and pneumatic components
Eastern Division2® Airmovers: centrifugals, fans, tubeaxials and vaneaxials/Motors: induction, synchronous

hysteresis, reluctance, polarized, torque and servomotors/Solid-state AC-motor controller systems
New Hampshire Division 7 Boxer, MiniBoxer, SuperBoxer, IMCair and Condor fans/IMCair centrifugal blowers

Western Division 2@~ Tormax stepper motors and controllers/ Synchros/Resolvers/Solenoids/Flag indicators
All members of the IMC corporate family 2@~ IMC Magnetics Corp., 570 Main Street, Westbury, N.Y. 11591, (516) 334-7195




Chip specs.

Voltage
50, 100, 200 volts

Tolerance: +=5%, +=10%, +=20%

Insulation Resistance: 100K Megohms
or 1K ohm farads—whichever is lower

End Terminations
Standard (Silver). Also
Available: Gold Palladium,
Gold Platinum, Gold Plate,
Silver Palladium

NPO

Temp. Range: —55°C to 150°C

Temp. Characteristics: 0 +=30ppm/°C (COG)
Dissipation Factor: 0.15% max.
Capacitance: 1 to 22K pf

K1800
Temp. Range: —55°C to 125°C

Dissipation Factor: 2.5% max.
Capacitance: 1K pf to 1.2 uf

Temp. Characteristics: (+=15%) W5R

Multilayer

High-K ceramic
hermetically sealed
with platinum electrodes

K1200

Temp. Range: —55°C to 125°C
Temp. Characteristics: (==10%) W5P
Dissipation Factor: 1.5% max.
Capacitance: 120 pf to 1uf

The above specs pretty well
tell the story on our standard line
of ceramic chip capacitors. Except
that they're available in a variety
of sizes in rectangular and near-
square types.
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And they're off-the-shelf items
with COMPAR, our nationwide dis-
tribution network.

But you also should know that
we can provide you with many other
end terminations, capacitance val-

ues, ceramic valuations and voltage
ratings.

Just get in touch with our En-
gineering Department. You'll find
that even though you’ve seen one of
our chips, you haven't seen 'em all.

11620 Sorrento Valley Rd., San Diego, Calif. 92121, Phone (714) 459-4355, TWX 910 322-1130

Electro Materials ﬂ

Division Illinois Tool Works Inc. Represented by COMPAR
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This multiple pair, Beldfoil shielded
cable is typical of the types of Belden
cable used in recording critical mea-
surements on the Goldstone tracking
antenna.

CRITICAL NASA INSTRUMENTATION PROBLEM!

SN The unique insulating properties of Belden's ex-

clusive Beldfoil shielding provides 100% protection
against ‘‘cross-talk’’ and spurious signal impulses
in highly sensitive circuit applications. That's
why NASA used Beldfoil cable for its Goldstone
Tracking Station. = In this massive 210 foot
diameter antenna, built to track lunar and
planetary probes, Belden Beldfoil shielded
cables carry instrumentation signals from
sensitive structural detectors to an
instrumentation facility nearby.
Every measurement of critical
structure deflection, angular
position, structure tempera-
tures, and bearing pressures
are recorded and analyzed
prior to tracking operations.
® Get the same precision
analyzation in your critical
instrumentation. Specify
Belden Beldfoil shielded cable
—the only cable providing 100%
isolation.

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

‘ e‘.jhf‘”” LN BELDEN FOR COMPLETE INFORMATION
”!!"""'I"W Ll CONTACT YOUR BELDEN
O s, Bl ol

FIAN

N
I

’ ; puLy “H\:‘A‘il:‘— l—] i | e 48
el ... .

— :—“‘-"__ ‘H————‘— ST 8-1-6A,
BELDEN CORPORATION « P.O.Box 5070-A - Chicago, Illinois 60680 - Phone 312-378-1000
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"Show and Tell”

nimoTM wins the “Show
and Tell” of the readout art.
A single plane presentation
of four bright, legible dec-
ades delivered at the low,
low prié¢e of $3.50 per dec-
ade. No contest.

nimo™, an electronic dis-
play tube only 1.135” in
diameter, boasts 3¥8” high
characters, variable bright-
ness, temporary data storage
.. . but primarily a price tag
no one can touch.

The uncommon readout.
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The Tell portion

gas
nimo™  gischarge
4-decade 4-decade
tube display

Cost per decade $350  $8395

Mounting Hardware 3.50 2.00
Driver/Decoder 3.75 4.50
Power Supply 3.15 5.00

Total cost per decade $13.90 $15.45

All figures relate to 1,000 quantity.

We can tell you many
additional features inherent
only in the nimo™, four
decade display tube, but the
real proof of the story is the
show portion.

IEE Sales Representatives
(listed opposite), will be
happy to schedule a demon-
stration so they can “Show
and Tell” you why nimo™
is the only way to display.
Call now!

Industrial Electronic Engineers, Inc.

7720 Lemona Ave., Van Nuys, California 91405

@ Telephone: (213) 787-0311 - TWX 910-495-1707
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Ready to
“"Show and Tell”

ALABAMA
Huntsville
Mekco Associates, Inc.
Tel. (205) 881-3721
ARIZONA
Phoenix
Gramer & Company
Tel. (602) 279-1231
CALIFORNIA
Los Angeles
IEE Factory Sales Office
Tel. (213) 787-0311
Belmont
IEE District Sales Office
Tel. (415) 591-2551
San Diego
L. L. Stoakes, Inc.
Tel. (714) 274-6281

COLORADO
Englewood
Hyer Associates, Inc.
Tel. (303) 771-5424
CONNECTICUT
North Haven
Kitchen & Kutchin, Inc.
Tel. (203) 239-0212
FLORIDA
Orlando
Mekco Associates, Inc.
Tel. (305) 841-2215
ILLINOIS
Chicago
Magnuson Associates
Tel. (312) 622-6322
KANSAS
Leawood
Poly-Onics, Inc.
Tel. (913) 648-4173
MARYLAND
Towson
Marktron, Inc.
Tel. (301) 825-8222
Rockville
Marktron, Inc.
Tel. (301) 762-6210

MASSACHUSETTS
Lexington
Kitchen & Kutchin, Inc.
Tel. (617) 862-8230
MICHIGAN
Southfield
Comtel Components
Tel. (313) 357-3700
MINNESOTA
St. Paul
Magnuson Associates
Tel. (612) 227-8495
MISSOURI
Hazelwood
Poly-Onics, Inc.
Tel. (314) 837-0597

ELECcTRONIC DESIGN 17, August 16, 1969

NEW JERSEY
Wayne
B. B. Taylor Corp.
Tel. (516) 223-8000
NEW MEXICO
Albuquerque
Hyer Associates, Inc.
Tel. (505) 265-5961
NEW YORK
Baldwin
B. B. Taylor Corp.
Tel. (516) 223-8000
Rochester
Ossmann Component
Sales Corp.

Tel. (716) 442-3290
Syracuse
Ossmann Component
Sales Corp.

Tel. (315) 454-4477
Red Hook
Ossmann Component
Sales Corp.

Tel. (914) 297-7773
Vestal
Ossmann Component
Sales Corp.

Tel. (607) 785-9949
NORTH CAROLINA
Burlington
Mekco Associates, Inc.
Tel. (919) 226-7177
OHIO
Cleveland
Comtel Components
Tel. (216) 442-8080
Dayton
Comtel Components
Tel. (513) 298-7573
PENNSYLVANIA
Narberth

Biechler Associates, Inc.

Tel. (215) 667-1827
Pittsburgh
Russell F. Clark Co.
Tel. (412) 242-9500
TEXAS
Dallas

Norvell Associates, Inc.

Tel. (214) 357-6451
Houston

Norvell Associates, Inc.

Tel. (713) 774-2568
UTAH
Salt Lake City
Hyer Associates, Inc.
Tel. (801) 487-7747
WASHINGTON
Seattle
Electronic Sales
Corporation
Tel. (206) 767-3160

®

LETTERS

(continued from page 57)
at best diffused resistors and an-
other power supply, and at worst
extensive buffering and logic shift-
ing circuits at the MOS inputs and
outputs to maintain proper bipolar
voltage and current levels. Similar-
ly, you have neglected to mention
that the 1-0-0 crystal orientation
used to attain low thresholds has
much higher pn junction leakage
currents at elevated temperatures
than does 1-1-1, and has problems
with unwanted lower voltage field
oxide inversions due to the lower
Q.. In addition, 1-0-0 has lower
vields because of the greater num-
ber of stacking faults and disloca-
tions inherent in this orientation.
Robert E. Dwyer
Microelectronics Section
Data Systems Division
Litton Systems, Inc.
Van Nuys, Calif. 91409

Says no to cure offered
for ‘Donald Duck’ speech

Sir:

I wish to comment on a recent
letter, “Take the ‘Donald Duck’ out
of divers’ speech” in ED 10, May
10, 1969, page 52, in which Mr.
Zilberstein suggested using an
artificial larynx (similar to the
type Bell Telephone Laboratories
developed to aid people who have
had laryngectomies).

The “Donald Duck” effect, as I
understand it, is not caused by an
increase in the “voice” frequency
that is produced by the oscillations
of the vocal cords. It is caused
rather by an upward shift in the
formant (or resonant) frequencies
of the supra-glottal vocal tract.
This is a result of the fact that
the velocity of propagation of
sound in the helium medium is
about 1.8 times as fast as in air. If
we treat the supra-glottal vocal
cavity as a resonant pipe (which
is a fairly good approximation) the
resonant frequency can be shown
to vary directly with the velocity
of sound.

Changing the source function
(voice frequency), as suggested,
by the use of an artificial larynx
has no significant effect on the

resonant frequencies of the vocal
cavity.

Since one of the primary cues
for speech recognition appears to
be the formant frequencies and
their transitions, the use of an
artificial larynx would not allevi-
ate the lack of intelligibility in
“Donald Duck” speech. The use of
an artificial larynx also has the
disadvantage of requiring manual
control for ON/OFF switching and
for voice frequency variation.
This might severely restrict the
diver from performing any other
functions while he is speaking.

James E. Atkinson
Electronic Engineer
USN Underwater Sound
Laboratory
New London, Conn.

Accuracy is our policy
Sir:

A mistake crept into my article,
“Don’t Shun the Shunt Regulator,”
in the July 5, 1969, issue (ED 14).
On page 72, the equation for R,
should include E, in the numerator
and read:

Re=
Eo— [Vbe(Q6) I Vce sat(Q4 Q5)]

1 max

Walter G. Jung

Senior Engineer

Maryland Telecommunications,
Div. of KMS Industries, Inc.
Cockeysville, Md.

Gunnar Richwell, author of “De-
sign and match rf amplifiers” (ED
10, May 10, 1969, p. 106) has
brought to our attention four er-
rors in the computer printouts.
The lines should read as follows:

RFAMP program statements

line; 193, T ((K)! 91, 91, 161
(note the two 91's);

ZMATCH program statements

line 112 0=6.2831853*FQ (The
left side of the equaton is the
letter “0”)

line 146 16 K=149 (149 was
incorrectly shown as 140)

line 316 C=—(R*, etc.)
minus sign has been added).

(The
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...why Diceon P/C boards are
your best buy!

Diceon produces consistent top quality.
Diceon meets.delivery commitments.
Diceon local sales offices offer on-the-spot service.
Diceon provides customers P/C design
engineering assistance.
Diceon “‘split-site’” production (California or Puerto Rico)
allow special purchasing price advantages.

DICEON ELECTRONICS, INC.

644 TERMINAL WAY

COSTA MESA, CALIFORNIA 92627, U.S.A.

TELEPHONE (714) 642-7100

© Copyright 1969 Diceon Electronics, Inc.
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Save *500-

plus pick your purchase plan

That’s right, the outstanding acceptance of the HP 9100A
computing calculator now allows us to reduce the price
$500—from $4900 to the new price of $4400.

Plus you now have a choice of purchase plans. Buy,
rent, or lease—you pick the purchase plan that best meets
your needs.

How is HP able to do all this? Volume production.
In fact, we're adding a new plant to produce
more calculators.

Dynamic ra :
10" to 10%,
nearly 200 dec-
ades. Observation of math operations
on 3 displayed registers. Up to 16
more registers for data storage.

Complex and vector arithmetic
simplified with coordinate trans-
formation keys, rectangular-to-
polar and vice-versa, in milliseconds.

754.8367 z temporary
$.336845815 05 y
2.5 x keyboard

Trig functions covering all quad-
rants and any size angle in
degrees or radians.

x<y

HEWLETT @ PACKARD

Which brings up another important point. Volume pro-
duction means you don’t have to wait in line 6 weeks or 6
months to put this calculator to work for you. Call any of
the 135 world-wide HP Sales and Service Offices today.
You'll have a 9100A computing calculator on your desk
faster than you thought possible.

So, if you have been sitting on the fence—now is the
time to jump.

Lease/rental plans start as low as $1.50/computing
hour based on average usage. Pick your purchase plan
and save money by ordering the HP 9100A computing
calculator today.

For additional information, contact Hewlett-Packard,
Box 301, Loveland, Colorado 80537. (303) 667-5000.

Europe: 1217 Meyrin-Geneva, Switzerland.

Designed for expansion. Printer
and plotter are available.

Program from the keyboard.
Record and store 196-step
programs on credit-card-
size magnetic cards for re-

Branching and looping flexibilit
i png y peated use.

provided by "“IF" keys expands
programming capability.

Edit programs easily. Single-step
through programs to check and
de-bug. Address an individual
step and make corrections without re-

entering the entire program. .
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ZELTEX

IF YOU THINK IS AN UNLUCKY NUMBER...
MEET THE ZELTEX FET SET!

Thirteen FET-input differential op amps that fit just about ' - *k
any application you can name! Low drift—one model has only vaHHIHIHIIHII ‘
2 pV/°C. For high output, another has +=100V. On top of this, p | La i/ i
we have a very fast 100 V/ps FET, a dual in-line FET and one Ml s Z
that sells for only $15. WHERE SMINGS AR LOE : LTE;\"!A IC.
Still think thirteen is unlucky? Write or phone today for a ... HAPPEN! Asu%garym:&mco&

complete FET SET data sheet and pick a winner!

1000 Chalomar Road, Concord, Calif. 94520/ (415) 686-6660
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Our new mini-computers have
built-in programmers.

Most small computers are designed for programmers. Ours
are designed for people.

Just tell our 16-bit machines what you want done. The
CE16 and CF16 will do it, because their “built-in program-
mers” (a comprehensive set of sophisticated instructions) let
any engineer use them with ease. For example, the single
instruction “scan memory” makes our machines compare a
given number with the contents of the entire memory.

The CE16 and CF16 have 125 other heroic instructions
that specify comprehensive maneuvers. So you give fewer
instructions and use far less core memory than with any
other small computer. Problem run times are shortened and
Input/Output operations are simplified.

The CE16 and CF16 are designed to control and
exchange information with a large number of external
devices while doing related computation. Their “automatic
I/0O” enables them to talk back and forth between memory
and a group of interrupting peripherals, in order of priority,

without needing attention from the on-going program.

Automatic I/0O isn’t a high priced option. Neither is a
teletype, nor three priority interrupts, one of which is indefi-
nitely expandable. They’re all standard. The only thing you
might pay extra for is speed. The CF16 can do a fully signed
software multiply in 42 micro-seconds. But it costs a little
more than the CE16 which takes 126 micro-seconds (which
isn’t bad) for the same job.

Don’t take our word for all this. Drop us a line asking for:
* A brochure with straight from the shoulder specs so you
can compare.
* A representative with more information than could fit
in a brochure.
* Or a meeting between our sales
engineer and one from any competi-
tor you want, at your office. The com-
petition can even bring a programmer
along. We won’t have to.

Scientific Data Systems,
El Segundo, California
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These new, low-priced
Burr-Brown op amps

"give you more than
you bargained for!

Here are two new general purpose operational amplifiers
that will meet the performance and price requirements
of your most economy-minded applications. There's a
FET input unit and a transistor input unit, both with

the built-in quality you expect from Burr-Brown . . . at
the unexpected low price of less than $10 in large
quantities.
FET TRANSISTOR
HIGHLIGHT SPECIFICATIONS INPUT INPUT SUnda 7. i packazs
Model Number 3308/12C 3267/12C
Voltage Drift, max., —25 to 4+-85°C 50 xV/°C 20 uV/°C
Bandwidth, full power 100 kHz 100 kHz
Bias Current, max., @ 25°C 100 pA 50 nA
Bias Current Drift, max., —25 to +-85°C * 06nA/°C
Open Loop Gain, min. 106 dB 114 dB FOR COMPLETE TECHNICAL INFORMATION
Slew Rate, min. 6 V/usec 6 V/usec on the new economy FET input series or the new
Rated Output +10V@5mA £10V@5mA economy transistor input series, contact your
100 quantity price $10.90 $10.00 Burr-Brown Engineering Representative or use
*Bias current doubles for every +-10°C. this publication’s reader service card.

B U R R o B R OWN Operational Amplifiers

Instrumentation Amplifiers
RESEARCH CORPORATION BB Function Modules

Active Filters

International Airport Industrial Park » Tucson, Arizona 85706 Power Supplies

TELEPHONE: 602-294-1431 « TWX: 910-952-1111 « CABLE: BBRCORP

FOR MODEL 3308 CIRCLE 225 ON INQUIRY CARD FOR MODEL 3267 CIRCLE 226 ON INQUIRY CARD

ELECTRONIC DESIGN 17, August 16,

1969



Buckbee-Mears
research developed
the absolute filter.

Tasting our success
was a great experience.

A key step in producing beer is pasteurization. Some of
America’s leading breweries have found they can produce
a smoother beverage by using a precision-etched, Buckbee-
Mears fine screen as a filter in the pasteurizing process.

It's no wonder. We make the only absolute filter avail-
able. With our process, we can hold the uniformity of holes
in the filter screen constant. Our filter customers can choose
just about any material they want, including stainless steel,
molybdenum, nickel, monel and titanium — in any array.

Buckbee-Mears offers small or large holes in the array.
Unlike die stamping, the on-centers can be adjusted close
or far apart. Our absolute filters are self-cleaning because
of planer construction. That's another exclusive advantage
of our photomechanical reproduction process.

We etch absolute filter screens at a one-to-one ratio be-

w::u

wn} y
Wf 4

uw‘ ‘

11—
|

tween metal thickness and hole size. Maximum hole size
tolerance to =10% of metal thickness, minimum to =.0002”.

While we’re delighted to help the nation’s brewmasters
upgrade their product, our absolute filters have many other
uses. They include centrifuge, synthetic fiber filters, coffee
brewer screens, particle size determination and back-up
screens for sub-micron filters. Anyone with a filtering appli-
cation where an absolute filter is required can use our
capabilities.

Producing the only absolute filter screen on the market
is another example of creative technology from Buckbee-
Mears. We're in business to help you solve your problems.
Call or write Bill Amundson, our industrial sales manager,
aboutyour absolute filter requirements. Phone 612-227-6371.
Skoal !

PRECISION METAL AND GLASS ETCHING ¢ ELECTRO FORMING ¢ AUTOMATED DESIGN

I I lC BUCKBEE-MEARS COMPANY

SAINT PAUL, MINNESOTA 55101
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PRIRDERN] OUR POTTER PRODUCTS ar
Available ,

fast delivery and design flexibility
whenever and wherever needed

Reliable,

with 25 years experience
and proven performance

PRICE is
Right...

try us and see...

POTTER PRODUCTS FROM WESSON, MISSISSIPPI

mh—

METALIZED COMMUNICATION
MYLAR AND SIGNAL LINE
DIPPED FILTERS

CAPACITORS
INFORMATION RETRIEVAL NUMBER 239

POTTER PRODUCTS FROM INGLEWOOD, CALIFORNIA

WEVE BEER] —
QUIETLY [ S
SURPRESSING NOISE, *F St

INFORMATION RETRIEVAL NUMBER 240

SEE YOU AT THE WESCON SHOW, LOOK FOR US AT BOOTH 5112 !

@ 500 W. FLORENCE AVE., INGLEWOOD, CALIF. 90301
b TH E p OTTE R TEL. (213) 678-2651 TWX: 910-328-6138

c o M p ANY NORTH HIGHWAY 51 WESSON, MISSISSIPPI 39191

TEL. (601) 643-2216 TWX: 510-981-4072
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Data Technology comes out on top again!

PATA Tikwnoi0ny
EoerenaTion

INTEORATING Mmtay SR

__“['[.( 1y

The new Model 370 is the most
accurate 5 digit DUM in the industry.

What does the smallest and most accu-
rate 5 digit DVM cost? $2,400. Repeat:
$2,400. Range 1 uV to 1,000 Volts. What
more can we say? Available Options
include ac Volts, Ohms, and Ratio. Call
collect for more facts.

““Make the best, then make it better’”’

4
]- Data Technology
(A, | instrument Division
1050 East Meadow Circle Palo Alto, Calif. 94303 (415) 321-0551




SIDELIGHTS

If speed
drives you The moon and Wescon, too

= The Apollo moon landing was a must story for this
W|Id, issue of ELECTRONIC DESIGN—no doubt about that. But
it wasn’t an easy assignment.

we,ve got The editors were already busy on a 108-page special

section covering ED’s traditional August preview of the
the contrOI. Western Electronic Show and Convention. This takes
g ; months of planning and scrambling to get advance details
Our precision Adjustable-Speed of technical papers that often have not yet been fully

t?c:'r‘llteﬂs)l ‘o”\irgr ?ri\:esg:eud g;e;‘;ier written, and of products that sometimes are barely off

application with constant torque the drawing boards.

regardless of load change. Somehow the dual effort sped on—a 20-page special
They're infinitely adjustable lunar news section, plus the Wescon preview—to produce
from 24 to 3600 rpm (150:1 the weighty issue now in your hands.

speed range) with load regula- Special moon-shot features were prepared by several

tion of better than 5 of 1% of
rated speed. The Remote Control
Head provides precise speed

editors. Dick Turmail, Management and Careers Editor,
interviewed George Hage, Apollo deputy director. San

adjustment and continuous Francisco Editor Elizabeth deAtley talked with NASA
monitoring. Built for long serv- officials and project managers at various West Coast
ice life, the modular plug-in aerospace companies about Apollo spinoffs. The launch
dqssgn PgUEas pnly 3 Wity at Cape Kennedy and subsequent activities at the Hous-
driver for servicing. Over 250

models from % to 2 hp, with or ton Manned Spacecraft Center were covered by our
without gear reduction or brak- Washington News Chief, Charlie LaFond. And Los
ing and reversing. Angeles Editor David Kaye interviewed various scien-
SERVO-TEK PRODUCTS COMPANY tists for his “man-in-the-loop” article.

1086 Goffle Road, Hawthorne, New That joint push, aided by the skills of a talented art

Jersey GFeCe. department, made this two-star issue possible.

SE”V T The moon features start on p. 24 and the Wescon
[ ]
“tour” on p. U8l.

PRODUCTS COMPANY

Write for our

500/600 Series catalog
and get back

in control.

| ART H'S. MOON 3 L] -
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This moon-struck group made the luner news section in this
issue really shine. The talented ED art department includes, left
to right, art assistant Bill Kelly; art director Cliff Gardiner; and
technical illustrators Rita Jendrzejewski and Lynn Thompson.
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The monolithic construction of the new

AlSiPak® package gives rugged RELIABILITY.

It eliminates problems of hermeticity and has
greatly improved strength. It has superior thermal
conductivity because there is no glass in this package.

The leads are brazed to the metallized ceramic on
the bottom which allows maximum chip cavity and
bonding room. The number one lead and every fifth
lead are identified inside the cavity for your conven-
ience. Within limits, the standoff height can be tailored
to meet special needs. The same basic lead frame is
used on all packages. AlSiPak packages are dimen-
sionally accurate and uniform with an index hole and
slot for your automated handling. All packages hav-
ing the same lead row spacing use the same lid.
Solder preform tooling and metal lid tooling are avail-
able for each package.

CODE IDENT, NO. 70371

PHONE 615 265-3411 « CHATTANOOGA, TENNESSEE 37405. U.S.A.

New

ALSIPAK

STANDARD
Packages

American Lava Corporation Bm o

A SUBSIDIARY OF
For service, contact American Lava representatives in Oﬂces of Minnesota Mining and Manufacturing Company in these cities

Shown Actual Size

Standard designs have the seal ring and

chip pad grounded to No. 1 lead. For a slight

extra charge you can have seal ring and/or chip

pad connected to any other specified lead(s). Elec-
trical flexibility is provided by a disconnect notch which
can electrically isolate both the seal ring and chip pad.

The standard AlSiPak packages shown here have been
in production for a number of months. They have been
developed through many prototype production steps.
We are indebted to engineering and production men
in leading electronic firms for their collaboration and
excellent recommendations. Other sizes and styles are
in development and will be standard when demand
and developments indicate.

We are now in volume production and can discuss
realistic deliveries. Tell us what you need and we can
work out firm schedules.

YEAR
oF

(see your local telephone directory): Boston: Needham Heights, Mass. * Chagrin Falls, Ohio * Chicago: Elmhurst, 1il. * Dallas, Tex. 8 CERAMIC

Indianapolis, Ind. * Laurens, S.C. * Los Angeles, Calif. * Metropolitan New York: Ridgefield, N.J. * Up-State New York and
¢ Roan _ke, rginia * St. louis: Lee’s Summit, Mo.

Canada: Phoenix, New York * Orange, Conn. * Philndclphi., Perma
‘South San Francisco, Calif. * International: ¢c/o Americ ¢

LEADERSHIP

enn. 37405, US.A.. TELEX 558439




We just stole
the automatic
stick shift

and put it on our new Counters.

The automatic stick shift. That's the whole idea behind our new family of Counters. Snap to
“pre-set’’ for automatic, knob-free sine wave measurements to 50 MHz or go stick shift with full trigger
control if your signal is unsymmetrical.
But there's a lot more to our new Counters than just convenience:

* 500 Microvolt Sensitivity from 10 MHz to 500 MHz with automatic

gain control for perfect triggering.

¢ 8 digits in 1 second with auto-ranging.

* Complete solid state input/output interface in systems models.
And, incidentally, automatic operation improves accuracy, too.
Prices for the DANA Model 8100 start at $1495.

Dana Laboratories, Inc. /2401 Campus Drive /Irvine, California 92664 DH

INPUT VOLTAGE ey r~ REINPUT —
LEVEL RANGE LEVEL
5§ i (e o o e
A A A "
A/ st o e AL
oo 3 . o L we N
¢ ~/N\ SN A AP N 3
\ V= = 13
N N
s

MODEL 8130

MODE ————————— MEABUREMENT TIME FUNCTION ~———
WOLD  AUTO o0y o ' ' W REMOTE PO A
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EDITORIAL

The ‘impossible’ just takes
extra effort to achieve

Well, we did it! We did what the average citizen thought impos-
sible even a decade ago. And now that we’ve walked on the moon, the
temptation is strong to ask: If we did this, why can’t we put our
national mind and will and resources to work to solve some of the
great pressing problems on earth?

To name just a few: National air and water pollution. The inter-
national hunger problem. Decaying cities. Traffic jams and needless
traffic accidents. Cancer. The common cold.

“Why not?” thousands are asking. “Why can’t we wipe out such
evils ?”

Project Apollo has demonstrated that given the time and money
—nine years and $24-billion, in this case—and the skills and efforts
of thousands of workers—400,000 to reach the moon—the “impos-
sible” can be turned into reality. But it took more than numbers to
do it. What really made NASA’s space effort such a magnificent
success ?

Organization. Good management. And dedication.

Given these qualities, a talented team of workers and the funds
to do the job, we could indeed begin to rebuild the earth.

Cannot a technology that built a navigation system that safely
guided the astronauts to a pinpoint moon landing a quarter of a
million miles away find a way to save the lives of the more than
50,000 people who die each year in traffic accidents?

Cannot a technology that kept three astronauts alive in the
vacuum of space and on the alternately boiling-freezing lunar sur-
face provide enough food to feed the world’s hungry ?

Cannot a technology that enables man to propel a complex payload
in space with millions of interdependent parts find a way to purify
the air and rivers of this nation?

Those “impossible dreams” await fulfillment.

As Elizabeth deAtley points out in her story on Apollo spinofts
(p. 30), the manned space flight program has resulted in more than
“2500 significant technological advances—from paints, materials
and medicine to communications, computers and television.” These
spinoffs, though impressive, cannot alone solve the complex problems
of civilization.

What is needed are NASA-like programs, of smaller or greater
magnitude.

We have the resources and the technology to continue to explore
space and to begin to come to grips with these problems.

RALPH DOBRINER
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There’s a lot more
to making modules than
buying a few IC’s and slapping
them on a board. For one thing,
the modules almost never work —
the first time. Almost never the second
time. Occasionally the third time. And
that's only the prototype.

Chances are, Digital already has the
optimum design, computer tested, fully debugged,
manufactured, and sitting there on the shelf.
Frustrating, isn’t it?

Digital's M Series is the most complete, fully
compatible, high speed, integrated circuit, inexpensive
line of modules anywhere. We manufacture several
million a year — many for our own computers —

and know how.
Send for our new Logic Handbook. It tells you
what, why, and how to build logic systems from modules.
But, alas, not how to build the modules themselves.

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone:
(617) 897-5111 / Cambridge, Mass. / New Haven / Washington, D.C. / Parsippany,
Palisades Park, N.J. / Princeton, N.]J. / Rochester, N.Y. / Long Island, N.Y. /
Philadelphia / Pittsburgh / Cleveland / Dayton / Huntsville / Cocoa, Fla.
/ Chicago / Denver / Ann Arbor / Salt Lake City / Houston /
Albuquerque / Los Angeles / Palo Alto / Seattle. INTERNATIONAL,
Carleton Place and Toronto, Ont. / Montreal, Quebec / Edmonton,
Alberta, Canada / Reading and Manchester, England /
Paris, France / Munich and Cologne, Germany / Oslo,
Norway / Stockholm, Sweden / Sydney and
West Perth, Australia.

MODULES - COMPUTERS
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WESCON USA

An exclusive VIP visit to an
exciting four-day exhibition




WESCON, 1969...

Adjectives are the stock in trade
of the show barker. Most shows
prefer the superlatives “bigger,”

“better,” “grander”...Not so, this

year’s Wescon. The stress is on “use-
ful,” “practical,” “fewer but better.”

Wescon, 1969, at the Cow Palace
in San Francisco expects 45,000 vis-




Accent on quality

iting engineers Aug.19-22. There are
23 technical sessions (compared
with 32 last year), but all emphasize
what designers can achieve today.
On display at 1192 booths are the
star products of 600 companies.

You can take the grand tour right
now. Read on.
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WESCON USA

TV brings the university to industry

Stanford’s new instructional network allows engineers

to take courses for credit without leaving their plants

Jim McDermott
News Editor

Continuing education for graduate students
employed in engineering, management, and other
careers is being rapidly implemented in Cali-
fornia with what is claimed to be the most cost-
effective TV network instruction system so far
devised anywhere. The new system, which re-
cently began operation with four channels at
Stanford University in the San Francisco Bay
Area will eventually extend southward to San
Diego. System potential and plans are the subject
of Wescon’s largest conference session: “Univer-
sity Instructional TV Networks and What They
Mean to Industry.”

Although similar systems have been operating
for over five years in Florida and Texas, Albert
J. Morris, president of Genesys Systems Inc., and
Wescon session organizer, says that the Stanford
system is the most cost-effective because it is a
third-generation system and is based on a two-
year study of how to best accomplish the univer-
sity-industry tie. Morris further claims that the
new system has not only become the pattern for
other forthcoming California networks, but is
rapidly being adopted throughout the country as
well.

How the system works

All of these university instructional networks
have an on-campus TV studio-classroom; a class-
room in the industrial plant; and a means of
transmitting the TV signal from the university
to the remote off-campus room. There must also
be a means for the students to talk back to the
instructor.

An important advantage of the Stanford sys-
tem is the low-cost method of student talk-back
via a low-power fm transmitter located at the
industry site. In contrast, the Florida system,
with programs piped between Gainesville, Cape
Kennedy, Daytona Beach, and Orlando, uses
regular telephone lines. And the Texas network,
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with transmissions betweeen Southern Methodist
University, Texas Christian University, Univer-
sity of Dallas, and the Southwest Center for Ad-
vanced Studies, uses telephone-system microwave
repeaters.

One advantage of all these systems is that the
employe need not commute to the university;
he can attend the TV classroom set up in his
plant. Furthermore, the lesson can be video-taped
and played back later in-plant, for those who
missed it due to the pressure of their jobs.

Of the present 1500 graduate students on the
Stanford University Campus, the majority are
full time, but some 300 to 400 of these students
are employed in Bay Area industrial, government
or research organizations. Because the classes are
presented only during the day, much time is lost
driving to and from the campus.

According to Joseph M. Pettit, Dean of the
School of Engineering, one large company esti-
mated that in one year, the commuting loss of
time equalled two and one-half years of engineer-
ing time. Now, many students who could not nor-
mally be given time off to attend classes can do
so through the university-industry TV setup.

Network supported by industry

The Stanford network, when fully implement-
ed, will cover the entire San Francisco Bay area,
as shown in Figure 1. This is largely because of
the considerable interest in that locality, in com-
batting professional obsolescence. In fact, a non-
profit corporation, the Association for Continu-
ing Education (ACE) was formed, in 1968, by
18 prominent Bay Area industries together with
Stanford University for the purpose of conduct-
ing a large-scale, continuing education program
using Stanford’s TV facilities.

According to Robert Turk, general manager
of ACE, the organization is unique among uni-
versity-industry television complexes. Actually
ACE is an extension of Stanford University, in
that it cooperates with industry members in or-
ganizing classes and courses appropriate to grad-
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uate and other study needs at the particular
location.

The curriculum that ACE presents is controlled
by participating members, and the courses stress
applied knowledge, rather than theory. ACE of-
ficially began telecasting in May of this year,
with 89 industrial students and four courses.

Present ACE hours are: 7-8 a.m.; 12 m-1 p.m.;
and 4-7 p.m. Later, hours will be extended from
7 to 11 p.m. and weekends.

The regular Stanford University daytime
graduate courses are handled and programmed
by the university. ACE will also provide these
same courses, from other schools, through the
Stanford network facilities. For example, San
Jose State plans to offer, through this network,
graduate engineering courses for credit, while
graduate courses in business are planned by the
University of Santa Clara.

In addition, ACE will program seminars in
state-of-the-art engineering classes for which no
engineering credit is received. These are taught
by industry or university personnel who have
done research on the latest developments in engi-
neering, mathematics, and the sciences.

Equipment at the industrial classroom consists
of one or two 21-inch TV monitors, plus a micro-

Fig. 1. Educational TV coverage in the Stanford-San
Francisco Bay Area is shown by geographical distribu-
tion. The size of each black dot represents the number
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phone for each student, for talk-back facilities
through the FM audio link.

How the joint effort began

The Stanford University efforts began, in 1967,
with a feasibility study concerned with linking
Stanford with classrooms in some 30 industrial
organizations participating in the part-time
graduate program. This study, Dean Pettit has
pointed out, came up with a total capital cost of
$600,000 for the Stanford facilities for the four-
channel network. This sum was obtained from
industry participants on a basis that was gradu-
ated according to the size of the organization.
The share could be paid in a lump sum or pro-
rated over 5 or 10 years.

It turned out that, for even the largest com-
pany, the total annual cost is less than a tech-
nician’s salary. And according to session organiz-
er Albert Morris, analysis of records for a large
company has shown that with a sizable number
of graduate students over 10 years, the prorated
cost is only twenty cents per student, per class-
room hour, for amortization and operating costs
of the in-plant facilities.

The Stanford industrial-TV curriculum empha-

of companies in a section participating in the graduate
study program. The Stanford network will be shared by
other colleges and universities.
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sizes graduate courses at the master’s level for
which no thesis is required. It is theoretically
possible to obtain a degree via the televised
course, but Dean Pettit cautions that this is not
entirely practical nor desirable. Some courses
don’t lend themselves to TV treatment. He also
suggests that the student take at least one seminar
on the campus to become acquainted with one or
more of the faculty.

In expanding the TV-education benefits, Stan-
ford created a ‘“non-registered” option that per-
mits students in industry to take the TV classes
without being matriculated at the university.
They are tested and graded along with the regu-
lar students, but their performance does not
affect the statistical standards of the others.

Included in the non-registered category are
those who already have degrees, those who don’t
want to complete all of the work for a degree,
and those who want a degree but are not yet
academically qualified. In this last case, Dean
Pettit points out, Stanford allows these students
to matriculate, and to transfer completed units
by petition, provided they perform well enough
as non-registered students in competition with
the matriculated students.

Future coverage to be broad

Stanford network coverage of the Bay Area
is planned to include a two-way link to the Uni-
versity of California at Berkeley for sharing
lectures, seminars and courses. Cooperative ar-
rangements with the University of Santa Clara

Stanford network coverage will eventually include links
to the University of California at Berkeley, University of
Santa Clara and San Jose State.
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and San Jose State are also being worked out.

For coverage in the Southern California area,
plans are being made to link the University of
California at Los Angeles with the campus at
Irvine: these two, together with the University
of Southern California, will serve the Los
Angeles basin. Robert M. Saunders, Dean of the
School of Engineering at Irvine, told ELECTRONIC
DESIGN that they have recently been awarded
four ITFS (instructional television, fixed station)
channels for the area. According to the FCC no-
tice, construction is scheduled to be finished by
mid-February of next year.

Saunders also said that it is eventually hoped
to link Irvine, Los Angeles and the University
of Southern California with Santa Barbara Col-
lege, Riverside College, and San Diego State.

The new Stanford educational TV system uses
channels in the band of 31 which the FCC desig-
nated in 1963 for microwave operation of this
type of station. The band extends from 2500 to
2686 MHz, giving a 6-MHz channel to each sta-
tion, using the standard TV signal format. The
channels are allocated in groups of four, with
adjacent channels being separated by 6 MHz from
another assigned locality.

The audio talk-back capability is obtained by
utilizing fm radio talk-back in a 4-MHz band
(2686-2690 MHz) adjacent to the top end of
the ITFS band for each of the available channels.
This system required a rule-making decision
from the FCC, which was effective in June of
this year. The first type-acceptance models of the
talk-back system have been designed by Genesys
Systems, Inc., for the Stanford network.

TV signals from the Stanford classrooms are
carried by cable to a master control room, then
relayed via a 12-GHz link, with 4-foot dishes, to
the main transmitter on Black Mountain, which
is 7.9 miles from the campus.

Each company requires only one receiving an-
tenna, mast, and down-converter for all four
channels. The system is of broadcast quality.

Seven of the 10 available watts are radiated
from an antenna covering an arc of 160 degrees,
with a horizontal gain of 17 dB. This gives an
effective coverage of up to 25 miles for a 6-foot
receiving dish. To reach San Francisco (36
miles) 1 watt is fed from a 10-foot parabola, and
8-foot parabolas are used at the industrial re-
ceiving sites.

To reach the Emeryville-Berkeley area (39
miles) 2 watts are fed from a 6-foot dish, and
10-foot parabolas are used for receiving.

The talk-back transmitting antennas at the in-
dustrial location are mounted in a plane with
the receiving antennas and are cross-polarized to
reduce cross-talk. On Black Mountain, the talk-
back receiving antennas are mounted colinearly
with the transmitter antennas. ==
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with your

reputatlon at stake

Manufacturer Y

The above illustrations are from unretouched photomicro-
graphs taken of four 14-watt fixed resistors. Compare the
anchoring of the leads, the seal provided by the insulating
jacket at the ends, the homogeneity of the resistance material,
the sharp color code bands—and decide for yourself.

For more details on Allen-Bradley hot-molded resistors,
please write for Technical Bulletin 5000: Allen-Bradley Co.,
1201 S. Second St., Milwaukee, Wis. 53204. Export Office:
1293 Broad St., Bloomfield, N.]J., U.S.A. 07003. In Can-
ada: Allen-Bradley Canada Ltd.

©Allen-Bradley Company 1967

Manufacturer X

Manufacturer Z

A-B hot-molded fixed resistors are available in all standard resistance
values and tolerances, plus values above and below standard limits.
A-B hot-molded resistors meet or exceed all applicable military speci-
fications including the new Established Reliability Specification.
Shown actual size.

: i BB 1/8 W
YPE 1/8 WATT
£ 3343
TYPECB 1/4 WATT
TYPE EB 1/2 WATT ‘
TYPE GB 1 WATT :“

o

TYPE HB 2 WATTS

ESQS;LITY ELECTRONIC COMPONENTS @ ALLE N ¢ B R.A D LE Y



Reliability is six things wedo

that nobody else does.
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We’re fanatics.

We build our relays
stronger than we have to.
That way, they last lots
longer than they ever
have to. Our Class E
relay (shown on the op-
posite page) is a good ex-
ample of our way of thinking.

The industry’s strongest heelpiece.

We make the strongest heelpiece in the industry.
A gigantic machine bangs them out extra fat and
extra flat.

Extra fat to carry a maximum of flux. To handle
big loads. Extra flat so that once an AE relay is
adjusted, it stays adjusted.

Since our backstop is part of the heelpiece, it’s
just as thick and flat. But, tough as it is, the slightest
wear here would throw the entire contact assembly
out of whack. So, to be safe, we weld two tiny,
non-magnetic pads where the armature arms meet
the backstop. You might say we created the no-stop
backstop.

Three parts that’ll wear like érazy.

When you build a relay like a small tank, you have
to think of everything.
We try. Right down to
the tiniest part. For
example, we make our
armature arms and
bearing yoke extra
thick.

Thicker than years of testing and use say they have
to be. Then, to make sure they don’t cause wear
problems, we insert a hardened shim between the
hinge pin and the frame. The pin rides on the shim,
instead of wearing into the heelpiece. (You can
forget the bearing, it’s permanently lubricated.)

Bufiers with lots of muscle.

We make our buffers of a special tough phenolic
material that lasts. And lasts. And lasts. All without
wear or distortion. Another reason why our relays
stay in whack.

To make sure our buffers stay in place, we weld
the buffer cups to the armature arms. We weld,
instead of using rivets, because our lab found that
rivets have a habit of falling out.

For the very same reason, we weld buffer cups
to the contact springs. And also use the same
special tough
phenolic buffers.
i =
e 5

No, we didn’t forget the contact springs.

We have some strong feelings as to what makes
a contact spring reliable. Our sentiment is that two
contacts are better than one. So, we bifurcate all the
springs, not just the make and break. This slotting
and the addition of another contact to each spring
means you get a completed circuit every time.

We make each set of contact points self-cleaning.
The bad stuff doesn’t have a chance to build up.

Now, what’s different about
our bobbin?

Our bobbin is one piece—
molded of glass-filled nylon.
This provides the maximum in
insulation resistance.

Because our bobbin is
nylon, we don’t have to
impregnate with varnish.
Moisture and humidity have
no effect on the stubborn
nylon material. No effect
means no malfunctions for
you to worry about.

What all this means to you.

What this all adds up to is reliability. The kind
of toughness no one else can give you. It means
an AE relay works when it’s supposed to, longer
than it has to.

Isn’t this the kind of reliability you really need?
Automatic Electric Company, Northlake, I1l. 60164.

AUTOMATIC ELECTRIC

sussiDIARY OF GENERAL TELEPHONE & ELECTRONICS
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Technology in the world of today

Papers at Wescon stress the practical applications

available now in developments that also have a future

Aerospace

Satellites preparing
to explore the earth

How to bug the earth and its atmosphere with
unmanned sensors that report to stationary
satellites is described in detail in session No. 12.
The report, part of a session devoted to data-
relay satellites, is by S. D. Dorfman of Hughes
Aircraft’s Space Systems Div., El Segundo, Calif.
Examples of the in situ sensors include buoys,
balloons, seismic detectors, volcanic detectors,
agricultural sensors that even measure the tem-
perature of soil moisture, smoke detectors and
weather stations.

Users of such systems are expected to include
the U. S. Depts. of Commerce, Interior, Trans-
portation and Agriculture, as well as agencies in
other countries. By 1975 Dorfman foresees as
many as 26,000 platforms, all serviced by three
or four satellites. The cost of the data communi-
cation system over a five-year period—not in-
cluding the platform sensors—would come to
about $100 million, Dorfman says. A conventional
system, not using satellites, would cost $1.25 mil-
lion.

Frequency choices are 149 MHz for the uplink
and 137 MHz for the downlink.

Wide areas of interest

The session will appeal to a surprisingly large
variety of engineers and scientists, session or-
ganizer S. H. Durrani of the Comsat Corp. in
Washington, D. C., told ELECTRONIC DESIGN.
Those who will find it particularly valuable in-
clude not only engineers working in the environ-
mental sciences—meteorology, geology, agricul-
ture, oil exploration, geodesy, fishing—but those
working for oil or other companies that must
collect information from remote, often unmanned,
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stations. Their equipment suppliers will also be
interested.

Another big group consists of communicators
—companies that now supply the public with
telephone service by high-frequency and micro-
wave radio, as well as those interested in provid-
ing industry with quick transmission of corre-
spondence and records.

A satellite communications network for do-
mestic use to provide an ‘“entirely new approach
to telecommunications in the United States” is
described by W. B. Gross, Program Manager,
General Electric, Philadelphia. Whereas a call
from Los Angeles to New York via terrestrial
means passes through approximately ten distinct
switching offices, a call by satellites goes through
two.

The system GE proposes would use a minimum
of two satellites in synchronous orbit. The earth
station is modular in design and uses commer-
cial equipment for the antenna, feeds and rf por-
tions. The automatic digital exchange is a special-
purpose digital computer oriented to communica-
tions control and processing. Local loop (tele-
phone line) interface equipment is built in mod-
ules to provide flexibility in deploying the sys-
tem.

To fully implement the system by 1980, Gross
says, would cost $321 million. This includes
initial research and development, the cost of five
satellites and boosters, earth facilities, and the
continued research that would be needed through
1980. The largest single investment would be the
earth facilities, which, Gross estimates, would
cost approximately $140 million. This includes
175 earth stations, one routing center, and other
administrative facilities.

Building a satellite network

The problem of how to weave a large number
of ground users into a satellite network is aired
by P. J. Heffernan of the National Aeronautics
and Space Administration’s Goddard Space
Flight Center in Greenbelt, Md.
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Heffernan uses as a hypothetical case a sys-
tem with 70 ground stations. He covers such
problems as how multiple access techniques can
accommodate this number, how the satellite can
be tracked, and how the signal should be designed
and modulated.

Mulitple access will be different for a domestic
system than for that used with Apollo, Heffer-
nan says. Apollo ground stations acquire the
carrier and remodulate the received code side-
bands and send them back on another carrier.
For the domestic system, Heffernan recommends
that the user lock on carrier and code, regener-
ate the code and send it back to the satellite.

Very high frequency should be used rather
than S-band or L-band to make the terminal
equipment simpler. And tracking will be accom-
plished by a pseudo noise spread spectrum tech-
nique.

Those interested in transmitting photographic
data will be interested in W. J. Gill’s report on
an experiment made by Philco-Ford of Palo Alto,
Calif., in which photographs were transmitted
via the Defense Department’s interim communi-
cations satellite network.

The key elements in the system are the analog-
to-digital conversion and the image-recording
equipment—the image appears on a cathode ray
tube that is photographed. Although originally
designed for the military, such a system could be
used commercially.

Coding and signal selection for the data relay
satellite interrogation is probably the most tech-

.

Computer-controlled test system from Bendix Corp. auto-
matically checks on the performance of analog, digital

ELECTRONIC DESIGN 17, August 16, 1969

nical paper in the session. It is given by G. D.
Boyce of General Dynamics Convair in San
Diego.

Boyce doesn’t claim to have the best of all
possible approaches, but he prefers the majority
voting approach to error detection or error cod-
ing. He feels that phase lock loops are too com-
plicated ; he prefers to use frequency shift keying.

Defense Dept. unhappy over avionics

Recent criticism of avionics systems by the
Defense Dept.’s Systems Analysis office should
add a sense of immediacy to the session on “Fu-
ture Avionics System Architecture” (No. 19).

The dissatisfaction the Defense Dept. ex-
pressed, however, came as no surprise to session
organizer John A. Alexander of TRW Systems
Group, Redondo Beach, Calif.

“We’ve known for a long time that a new ap-
proach to designing avionics is needed,” he told
ELECTRONIC DESIGN. “That’s why we used the
word ‘architecture’ in our session title. Architec-
ture means the total disciplines and procedures
needed to build something—in this case avionics
systems.” There is too much redundancy, he says;
too many add-ons.

The session begins with a bid for integrated
avionics by Richard D. Alberts, Air Force Avi-
onics Laboratory, Wright Patterson AFB, Ohio.
Alberts describes work under way by the Air
Force on techniques to integrate the communica-
tions, navigation and identification functions to

and high-frequency avionic systems aboard commercial
aircraft (Paper 21/3).
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operate on a single radio frequency.

Will one computer solve all the problems in
the aireraft or will each subsystem have its own
processing unit? This much-debated controversy
over ‘“federated vs. integrated computer systems”
is discussed by J. H. Crenshaw of IBM Federal
Systems Div., Owego, N.Y.

While federated systems (one computer for
every task) seems on the way out, a fully inte-
grated system, using a single, central computer,
has not yet arrived. Today’s advanced aircraft
use a combination of the two. After recounting
the advantages and disadvantages of both ex-
tremes, Crenshaw concludes that integrated sys-
tems will continue to gain, with the actual system
still remaining something of a hybrid.

To design for military avionics, L. S. Guarino,
Naval Air Development Center, Johnsville, War-

minster, Pa., tells the engineer where his effort
should be directed. If the pilot is to be given
more time for decision making with all the col-
lection, integration and processing of information
performed by avionics there must be more con-
fidence in the avionic systems.

To do this the engineer should concentrate on:

® The electrical interfaces between black boxes.
“This has been a main cause of avionic system
failures,” Guarino says. “The number of wires
between boxes must be drastically reduced. The
use of MINCOMS (multiplexed interior com-
munication system) appears promising and
should be developed for the avionic system.”

= Digplays are important. The use of CRT
tubes should be replaced with solid-state devices,
and color should be added. For more realistic
representation, engineer Guarino suggests holo-

Experimental color CRT display, which is scanned in a
standard 525-line television format, displays practically

U92

any type of engineering data, according to W. H. Tew
Jr. of General Electric Co. (Paper 18/2).
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graphic techniques be used.

= Man-machine simulators “should be the de-
signer’s most valuable tool.”

The final paper, authored by J. R. Goody-
koontz and V. A. Karpenko of TRW Systems
Group, reports an interesting convergence taking
place betweeen the design of avionics and space
equipment. Avionics on the one hand is getting
more complex, while space equipment is becoming
cheaper and more reliable, due to more enlight-
ened techniques. =

Circuit Design

ICs and computers
growing in influence

Circuit design and analysis are coming in-
creasingly under the influence of the computer
and the integrated circuit. Wescon coverage of
such areas as filter design, mathematical model-
ing and oscilloscope techniques reflects the trend.

Session 4 on “Integrated Circuits in Active
Filters” carries filter design through thick and
thin films. Dr. George S. Moschytz of Bell Tele-
phone Laboratories, Holmdel, N.J., uses tantalum
thin-film RC networks and general-purpose sili-
con integrated operational amplifiers to construct
a family of basic second-order filter building
blocks, from which a wide variety of filters can
be assembled. His paper, “FEN (Frequency Em-
phasizing Network) Using Hybrid Integrated
Building Blocks,” describes three pairs of blocks
that operate from 100 Hz to 100 kHz. There is
a pair for low-Q and one for medium-Q applica-
tions. A combination of the two is used for high-
Q applications.

Moschytz derives the response of a medium-
selectivity-frequency-emphasizing network and
shows how his building blocks can be combined.
He also describes techniques to construct the
tantalum thin-film devices he uses.

The thick-film technique is upheld by Dennis
Hollenbeck of Kinetic Technology, Los Gatos,
Calif., in a paper on “Multiloop Negative Feed-
back Active Filters Using Thick-Film Integrated
Circuit Techniques,” and by William Broyles of
Sprague Electric Co., North Adams, Mass., in
“ICs and Thick Films Add Up to Improved RC
Active Filters.”

Broyles describes a method of producing cus-
tom filters that meet tight specifications and
tolerances. Four standard topologies can be com-
bined to meet a wide variety of needs. The fre-
quency range is 0.01 Hz to 20 kHz, with Qs up
to 300. Input impedance is high, and the output
impedance is low. The significant aspects of the
approach are to use thick-film resistor networks
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and bonded-on capacitors. Gain is obtained from
IC amplifiers. The desired requirements are pro-
gramed into an interactive computer. The de-
signer can continue the computation with refine-
ments, until he is satisfied that he has obtained
the best design. The computed thick-film net-
works are then produced and assembled, along
with the ICs, into finished networks.

The combination of accurate computation plus
the stability and reproducibility of the thick films
make for a superior product, Broyles contends.
The size of a completed sixth-order filter is about
one cubic inch. “This approach can turn theory
into an economical product,” he says.

Hollenbeck’s designs allow the user of the
product to make the final determination of its
characteristics. This is done by external trim-
ming. His filters also cover the audio band and
may have Qs up to 2000, with high input and
low output impedance. The user can choose high-
pass, low-pass or bandpass operation, as well as
the center frequency. The filters are individually
packaged on aluminum substrates, with screened-
on resistors in the passive networks and 80-dB
operational amplifiers in the active networks.
Each package contains one pole pair, and pack-
ages can be combined for more complex transfer
functions. A key feature of the design is the very
low supply power required for operation—Dbe-
tween =2 V and =15 V.

Other Session 4 papers include “Active Filters
Employing Silicon Monolithic Gyrators,” by Rob-
ert Hove, Boeing Co., Seattle; “A State Variable
and Gyrator Realization Comparison,” by Robert
Newcomb, Stanford University, and “Filter De-
sign Using Integrated Operational Amplifiers,”
by Sanjit K. Mitra, University of California,
Davis.

This Wescon session, organized by Gunnar
Hurtig 3d of Kinetic Technology, Los Gatos,
Calif., probably holds the greatest interest for
the engineer in circuit design.

“High-Speed Oscilloscope Recording,” is the
subject of Session 13, organized by James R.
Pettit of Hewlett-Packard, Colorado Springs,
Colo. The ubiquitous computer appears even in
this haven of measurement in a paper that dis-
cusses the mating of single transient oscilloscopes
to on-line machines. Other papers cover photog-
raphy of transients on oscilloscopes and high-fre-
quency trigger circuit design.

The last listed session of Wescon is No. 23,
“Computer-Aided Circuit Design,” organized by
Ron Rohrer, Fairchild Semiconductor, Mountain
View, Calif., and Gabor Temes, Ampex Corp.,
Redwood City, Calif. This is another of the dif-
ficult-to-classify sessions, dealing as it does with
both circuit design and computers. A paper pre-
sented by Harry B. Lee of Lincoln Laboratory,
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Massachusetts Institute of Technology, Lexing-
ton, Mass., points out design-difficulties in pro-
egraming circuits. Entitled “Circuit Simulation
Present and Future,” the paper states that as
computers progress from the research stage to
daily use, better programs must be written to
meet the needs of the circuit designer. In particu-
lar, Lee thinks that the programs should be
“human engineered” better to enable anyone to
use a computer with little or no knowledge of
programing. He also advises that new analysis
techniques, such as the sparse matrix and im-
plicit integration, be incorporated into computer
programs. Implicit integration, by the way, can
eliminate the problem of long computation time
that arises when a circuit has widely spaced time
constants.

Lee is strongly in favor of graphic output dis-
plays as an aid to the designer. He especially
likes storage CRTSs, which permit the designer
to study the results of his efforts. He does not
believe that elaborate input devices, like the light
pen and graphic input terminal, can justify their
cost.

Other Session 23 papers cover such diverse
topics as transistor modeling, network optimi-
zation and layout. =m

Communications

Solutions offered
for digital hangups

Wescon is offering only a limited technical
agenda for communications engineers, but what
there is promises to be very worthwhile.

The most important session appears to be
“Signal Processing Techniques in Digital Com-
munications” (Session 11), which is being held
in Meeting Room B on Wednesday afternoon. The
chairman, Adam Lender of Lenkurt Electric Co.,
San Carlos, Calif., says the session is entirely
devoted to new designs and techniques, presented
from a practical point of view. It is considering
the three most significant areas in digital
communication :

m Signal design.

= Adaptive equalization.

= Error control.

The lead-off paper, by W. J. Melvin of Collins
Radio, Newport Beach, Calif., discusses the
digitalization of a communications terminal—
both transmitter and receiver—so as to eliminate
such analog devices as filters and modulators.
The terminal actually becomes a small, special-
purpose computer. The idea is explained by re-
ferring to a particular differentially coherent,
four-phase PSK system with a matched-filter re-
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ceiver. Performance data includes error rates in
the presence of additive Gaussian noise.

Practical adaptive eqﬁalizers

The next two papers are concerned with adap-
tive equalization. This is the automatic adjust-
ment of the receiver to compensate for changes
in the transmission medium.

In their paper “A Simple Adaptive Equalizer
for Efficient Data Transmission,” D. Hirsch and
W. J. Wolf, of Bell Telephone Laboratories,
Holmdel, N.J., discuss several algorithms for
directing the equalizer towards the properly
matched condition. The methods vary from zero-
forcing to minimizing the mean-square error. A
practical example, employing a modified zero-
forcing algorithm, is described.

Gerald K. McAuliffe of the IBM Watson Re-
search Center, Yorktown Heights, N.Y., discusses
adaptive equalization from an entirely different
viewpoint. He focuses on a proposed method em-
ploying fast Fourier transform (FFT) tech-
niques. He compares this with the tapped delay-
line approach and the -carrier-cancellation
approach.

The final paper of the session—‘“Recent De-
velopments in Error Control Techniques,” by
Allen H. Levesque of General Telephone and Elec-
tronics Laboratories, Waltham, Mass.—empha-
sizes the selection of an appropriate error-con-
trol coding technique for any transmission
channel.

As many engineers already know, the optimum
type of error control depends upon the error
statistics of the channel. The usual simple
assumption that errors occur singly and inde-
pendent of one another is rarely valid.

It applies only in deep-space communications
and some satellite links. Most other channels.
such as hf, tropo and wire, tend to have clusters
of errors. Therefore Levesque begins his discus-
sion with a review of the statistics of the differ-
ent channels and then analyzes the error-control

methods appropriate for each.

In the case of channels with bursts of errors,
a major objective is to break up the bursts. For
block codes, this is done by interleaving the
blocks at the decoder. The concept of concatenat-
ed codes—codes that make up long blocks by cas-
cading many short ones—is discussed. A
dual-mode type of error control, called burst-
bracketing, is also described. Burst-bracketing
codes actually switch the mode of decoding, de-
pending upon whether densely clustered or inde-
pendent errors are occurring. A discussion of
convolutional codes wraps up the consideration
of ways to combat burst errors.

The final error-control procedure being consid-
ered is the sequential decoding of convolutional
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Array systems engineer Charles Mclean of Viatron Computer Systems
Corp. is busy designing a composite layout for a complex MOS array
(Paper 15/3).

Monolithic integrated circuit chip containing three op- filter. These filters will be discussed in Paper 4/4 by
erational amplifiers will be used in a hybrid active Dennis Hollenbeck of Kinetic Technology Corp.
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codes. This method is really useful only with
independently occurring errors, but it approaches
the ultimate theoretical performance promised by
the analysis of optimum codes.

The entire session is being sponsored by the
Communications Systems Discipline Committee
of the IEEE Communications Technology Group.

Also of interest to communications engineers
is Session 9 on ‘“Linear Integrated Circuits in
Communications” and Session 12 on “Data Relay
Satellites.” For further information on Session
12, see the Aerospace section of the review of
technical papers. ==

Computers

Automation spurring
efficiency in factories

Two sesssions at Wescon are devoted to a
growing phenomenon: the use of the computer in
factory quality control. Across the country, com-
puters are being used to monitor test lines,
control manufacturing processes, collect factory
data and assist management. In at least one case,
a computer is also being used in the field to test
and trouble-shoot airborne navigational equip-
ment from commercial airliners.

Session 8, organized by George H. Ebel of Con-
rac Corp., Caldwell, N.J., and S. Levy of RCA,
Camden, N.J., considers ‘“Manufacturing and
Computers.” In a paper on “Computer-Controlled
On-Line Testing and Inspection,” Peter H. Goebel
of General Radio Co., Cambridge, Mass., de-
scribes how his company was able to make a
routine task of the testing of electronic subas-
semblies used in measuring instruments. A test
system was assembled to perform functional logic
testing, test-fixture standardization, diagnostic
trouble-shooting and go/no go testing. An im-
portant consideration was to make the entire
test system operable by personnel with no special
training.

The computer in General Radio’s test system
is a standard Digital Equipment PDP-8/L, and it
serves as the control device for all peripheral
system components. When not in use in the test
system, it can be used to prepare test programs
and tapes.

The other parts of the system hardware are
the system interface, where computer and
peripheral equipment interconnections are made;
the control panel, which serves as the medium
between operator and system; a readout scope,
which aids in both go/no go and diagnostic test-
ing, and a high-speed reader, which operates
from punched paper tape. A device adapter is
used to connect the device that is being tested
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into the system.

The system software includes an easy-to-use
and versatile programing language that can be
used by personnel with no prior computer
knowledge. Simple and logical commands are
provided to perform the test on electronic
modules. Some of the statements possible allow
listing of test points, forcing of inputs, checking
of outputs, repetition of tests and the calling of
subroutines.

Among the benefits claimed for the system are
reduction of lead time in module testing, fewer
false indications of failure, a saving in set-up
time and a higher yield of usable modules.

Four aspects of automatic testing—hardware,
software, hardware-software package and man-
agement—are covered in Session 21, “Computer-
Aided Testing, Management and Implementa-
tion,” organized by A. Machi of Bendix Naviga-
tion and Control Div., Teterboro, N.J. A paper on
the hardware-software package describes a sig-
nificant departure from the usual computer test
system. Entitled “A Computer Controlled Test
System,” by Frank M. Stutesman of Bendix, it
describes a field test system for airlines.

Airliners use many pieces of electronic com-
munication and navigation equipment. These
systems, which may be either analog or digital,
are housed in individual boxes. Failures in these
boxes are usually reported by flight crews.
Ordinarily the trouble is diagnosed manually by
specialists, and the repairs are made at con-
venient airports.

Computer testing made easy

In the system designed by Stutesman, diagnosis
of the faults and checkout of the repaired equip-
ment is performed by computer, and these two
tasks can be done by relatively unskilled person-
nel. The central computer in the system is the
Bendix BDX 6200. The software is based on the
Atlas language, developed by ARINC (Aircraft
Radio, Inc.). Inputs to the system can be on
perforated tapes or via keyboard. Unskilled per-
sonnel can interact with the system in a language
that closely resembles English.

At this time the system can test 30 to 40 dif-
ferent avionic boxes of different manufacture. An
extra dividend is use of the system in the Bendix
plant for final inspection of airliner equipment.

Other Wescon sessions are devoted to time-
sharing and computer display devices. The time-
sharing session stresses applications. The papers
in the display session emphasize on-line and real
time displays.

In all, at least 13 Wescon papers report on
computer applications in some aspect of manu-
facturing—either quality control or automatic
processing. =m
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Microelectronics

ICs are changing
design picture

From Anaheim, Calif., to Boston, engineers are
examining the changes that ICs are causing. Cir-
cuit design, system design, engineering commu-
nications and vendor-customer relations—all are
different in age of the IC. But exactly what are
the changes? And what are their effects?

In Session 1, “IC Systems: The Changing In-
terface,” you learn that systems houses are be-
coming concerned. Their share of value added to
their products is dropping drastically, and they
fear that their profits may follow. They are
making a serious analysis of the situation.

For instance, the Singer Co., Palo Alto, Calif.,
finds that about 40% of the factory cost of its
Friden desk calculators is accrued in the purchase
from outside vendors of semiconductor parts.
Parts purchased in the past, from outside the
company, for a mechanical calculator accounted
for only 10% of factory cost.

How can systems houses make up their loss in
value added? George Hare of Singer says, in the
first paper of the session, that they probably
should plan to produce ICs in-house.

Other papers in Session 1 discuss the growing
use of computer aids in the production and test-
ing of ICs, and the changing role of the circuit
designer. How, for instance, does a system de-
signer avoid design redundancy?

Typically, an engineer who wants to order a
special IC will design and breadboard a prototype,
and order the IC only after he has done this. The
vendor’s engineers then duplicate much of the
original work in learning the circuit problem, de-
veloping the IC and preparing tests for it. But
how can the needless duplication of effort be red-
uced? Clearly, by communicating more concisely,
but how is this accomplished? Answers are given
in Session 1.

Designers in a dilemma

You can take a close look at MOS ICs in Session
15, “MOS ICs: A Critical Review.”

“Every systems designer,” says Glen Madland,
president of Integrated Circuits Engineering
Corp., Phoenix, Ariz., in the first paper, “must
decide whether to go MOS, bipolar, or hybrid, and
the technical and economic success of his project
depends on getting the right answer.” Madland
discusses the implications of MOS in device de-
sign, circuit design, and partitioning.

In the second paper, Ralph Parris, staff engi-
neer at Burroughs Corp.’s Circuits and Packag-
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Designers find that ICs account for as much as 409%
of the factory cost of their systems.

ing Dept., presents guidelines on choosing MOS
processes, and packaging and testing schemes,
and he gives his views on the proper choice of an
MOS vendor. In another paper, Dr. Leland Seely,
general manager of General Instrument’s Micro-
electronics Div., tells how the vendors are achiev-
ing TTL compatibility in their MOS.

For the designer who is having nightmares
over his vulnerable single-source situation, Larry
Drew, manager of engineering development at
Viatron Computer Systems Corp., Burlington,
Mass., has some soothing words. Drew sees single
sourcing as inevitable, and MOS procurement as
a joint business venture between vendor and cus-
tomer. And a glimpse of the MOS future is pro-
vided by Al Phillips, assistant to the president at
Autonetics, Anaheim, Calif.

Filters, linears, and power ICs

For engineers whose interest is in circuit des-
ign, there are papers galore, covering active filter
design, linear ICs and high-power microcircuits.

Possibly the most interesting of these sessions
is No. 4, “ICs in Active Filters”. It was organized
by Gunnar Hurtig, executive vice-president of
Kinetic Technology, Inc., Los Gatos, Calif., and
he has chosen speakers for a “practical session,
with as much information on hardware as possib-
le”. He says that his company deals with “a lot of
engineers who expect to use active filters but
don’t have a good practical knowledge of their
capabilities. They don’t know what’s available
and don’t know where the pitfalls are.”

The session opens with a paper by Sanjit Mitra,
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a professor at the University of California, on the
over-all problems encountered in building active
filters. He gives a description of the types that
can best be built with ICs. He says that IC active
filters are the only economically practical ones.

The next paper discusses the popular methods
of designing active filters, with gyrators and with
multiple-loop negative feedback circuits, and the
merits and disadvantages of each. The remaining
four speakers describe the design and construc-
tion of actual filter circuits, including a monolith-
ic silicon gyrator and thin-and thick-film negative
feedback filters. They speak from valuable exper-
ience with hardware, and they have some inval-
uable tips for attending designers.

For the linear designer, Alan B. Grebene of
Signetics Corp., Sunnyvale, Calif., has arranged
Session 9, “Linear ICs in Communications.” Fair-
child Semiconductor’s Richard Q. Lane presents
a new MOS design for vhf receiver front ends,
and Sumner B. Marshall of Sprague Electric Co.,
Worcester, Mass., discusses the use of linear ICs
in consumer television and a-m fm receivers.

On the packaging and interconnection side,
Robert A. Hirschfeld of National Semiconductor,
Santa Clara, Calif., gives some valuable design
tips on how to use pins efficiently in complex
communication systems. And Hans R. Camenzind
of Signetics Corp., Sunnyvale, Calif. describes the
merits of a system approach to the design of IC
communication circuits.

A ‘high-power’ session

And for the designer who works with power—
in voltage regulators, amplifiers, or control cir-
cuits—there is Session 17, “High Power Microcir-
cuits.” Thomas M. Frederikson of Motorola’s In-

Uhf hybrid receiver module fabricated by IIT Research
Institute is contrasted with a conventional coaxial mixer
(Paper 3/5).
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tegrated Circuits Center, Mesa, Ariz., and George
Smith of Beckman Instruments Inc., Fullerton,
Calif., explore the design and the capabilities of
new monolithic and hybrid voltage regulators.

Herb Miezel, Dale Baughes and Leon Balents
of RCA, Somerville, N.J., discuss high-power hy-
brid amplifiers, and William Whittekin Sr. of
Texas Instruments, Dallas, Tex., present tech-
niques for controlling power on an IC chip.

James Williams of Hughes Aircraft Co., Culver
City, winds up the session with some valuable
remarks on what he thinks is needed in power
microcircuits. Williams feels that if ICs are to be
used extensively in power circuits they will have
to cost less, have improved temperature coeffic-
ients, and be used in systems designed to exploit
their properties—perhaps in digital replacements
for present analog circuits. ==

Microwaves

EDP is password
to clever design

Computer-aided design is the key phrase this
year in the microwave sessions at Wescon. The
digital designers are not only being used to de-
sign microwave integrated circuits; they are de-
veloping active devices as well.

Most of the papers on this subject are in Ses-
sion 6, “Computer-Aided Design of High Fre-
quency Circuits.” Microwave engineers will
probably be most interested in hearing the fourth
paper, ‘“Microwave Circuit Synthesis and Meas-
urement,” by H. Stinehelfer and W. Atwood of
Microwave Associates, Burlington, Mass. It
emphasizes the modeling problem in computer-
aided design.

The usual design procedure, when computers
are used, is to model the active devices and then
to use these models to develop passive matching
circuits. Often the original model is less than
perfect, resulting in the design of less than opti-
mum circuits.

To solve this problem, one can model the cir-
cuit by means of a theoretical circuit, with
parameters adjustable to fit experimental data.
As Stinehelfer and Atwood point out, however,
the selection of an algorithm to adjust the
theoretical circuit parameters isn’t easy.

Essentially the problem boils down to minimiz-
ing a multi-dimensional function of many
variables.

Most existing techniques consist basically of
searching in some systematic fashion for the de-
sired minimum point. To speed the process, other
programs evaluate the gradients of the functions
and use them to form a new estimate for the
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Computers help design GaAs diodes, as Chung K. Kim
of Micro State Electronics, Murray Hill, N.J., will explain

theoretical circuit model. An example of the lat-
ter approach is given by Stinehelfer and Atwood.

The example is a one-section, capacitively
coupled filter. The attenuation of the line is meas-
ured as a function of frequency, and the model’s
gap size and line thickness are allowed to vary
until a good agreement with the measured data
is obtained. The presentation includes a flow
graph of the program.

Uhf microwave ICs

Another paper of high interest to the micro-
wave designer is “Uhf Integrated Microcircuits,”
by Robert M. Knox of IIT Research Institute,
Chicago. It is being presented in Session 3,
“Current Solid-State Microwave Circuits.” Knox’s
major thesis is that distributed-circuit techniques
can be profitably employed at the lower micro-
wave frequencies (0.3 to 3.0 GHz) if high dielec-
tric constant substrate materials are used. He
points out that area reductions of nearly an order
of magnitude have been achieved by making
MICs on a high-e substrate instead of on alumina.

Traditionally, Knox points out, the design of
circuits in the uhf range has been formidable
because the performance of lumped circuits
is generally regarded as inferior to that of dis-
tributed circuits, and distributed circuits have
been too large to be practical.

Alumina, the substrate material on which most
MICs are built, has a dielectric constant in the
range of 9 to 15. Titanium dioxide, on the other
hand, can provide dielectric constants up to 90.

What are the disadvantages of this high-e
material? For one thing, the propagation losses
of a transmission line at a particular impedance
level are higher than for the lower-e case, because
the conductor stripes are narrower. Fortunately
the wavelength decreases in the high-e material,
so that the propagation loss per unit wavelength
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in his paper in Session 6. The Varian unit shown here
is about to be bonded to a single tuning screw.

does not increase unacceptably.

Other than that, Knox says, titanium dioxide
is at least comparable to alumina in all important
physical parameters.

For engineers who may have slipped behind
the times, two other papers in Session 3 provide
a review of the state of the art in two important
areas: acoustic delay devices and solid-state
sources. In his paper ‘“Solid State Microwave
Acoustic Variable Delay Devices,” Ernst K.
Kirchner of Microwave Electronics, Palo Alto,
Calif., reviews the requirements for variable de-
lay devices and then examines the hardware
available to meet these requirements. The major
areas of application he cites are array antennas,
radar test equipment and electronic counter-
measures gear. The first of these areas requires
delays of up to 100 ns, with bandwidths of 500
MHz and center frequencies from 0.5 to 10 GHz.
The second area needs a much longer range of
delay: from about 1 to 150 us. Most of the char-
acteristics desired for ECM delay lines are classi-
fied and cannot be discussed further.

To meet these requirements, a fairly large
selection of devices is available. Kirchner believes
that the mechanically variable magnetoelastic
delay line is particularly promising. Other devices
that he reviews include the electrically variable
magnetoelastic delay line, the elasto-optical delay
line, sliding acoustic crystals, ferroelectric mate-
rials and repetitive pulse-memory systems.

The other review paper is “Bulk GaAs and
IMPATT Microwave Sources,” by W. Keith Ken-
nedy Jr. of Watkins-Johnson Co., Palo Alto. He
compares the avalanche-diode sources (both
IMPATT and TRAPATT) with the bulk GaAs
sources. He does not distinguish between the
various modes of diode operation in bulk GaAs
because of the current disagreement in the litera-
ture on the exact locations of the boundaries
between the different modes. mm
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CORPORATION

Over 200 styles and sizes with 24 hour delivery

If your heat dissipation requirements in-
clude:

e Maximum selection of heat sink styles

e Fast delivery

e Consistent quality

e Reliability of design

e Specialized engineering
Then heat sinks by ITC TOR are for you.

From a simple flag type dissipator to
complex blower-cooled heat sinks; to dissi-
pate Y4 -watt or 500-watts; to cool one com-
ponent or hundreds; ITC TOR offers a
choice of over 200 styles and sizes, in-house
control of all engineering and manufactur-
ing phases, and creative engineering to solve
any specialized heat dissipation problems.

AVAILABILITY. ITC TOR maintains a
complete stock of standard heat sink styles
and sizes and assures shipment of most
orders within 24-hours.

SPECIAL SERVICES. Prototype through
production-run quantities can be produced—
economically and to your schedule—to the
most exacting specifications by TOR ma-
chinists and fabrication specialists.

ENGINEERING. ITC TOR retains a
complete engineering department to pro-
vide effective design for specialized heat
sink applications. Since all engineering and
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die making is accomplished at ITC TOR,
the fastest design and delivery of specialized
devices are assured.

NEW PRODUCTS. ITC TOR has just
completed development of a line of liquid
cooled heat dissipators capable of effectively
replacing devices 20 to 40 times larger.

1. LPI12 Series heat sinks are ideal for
small space requirements and printed circuit
applications. Measuring only 1.60 x 1.60 x
.75 with less than 1 mil surface smoothness,
they are capable or dissipating 16-watts for
100 degrees centigrade temperature rise.
Prestamped configurations include both
TO3 and TO66 transistor outline, and are
available in a variety of finishes. Also avail-
able are special brackets for mounting mul-
tiple LP12’s on a single side or back-to-back.

2. 400 Series flag-type heat 4.
sinks are one of several types
available for TO-5 transistors.
Friction mounting, the series
provides high heat dissipation
while requiring minimum lay-
out space.

3. Series 1647 are spe-
cially engineered heat sinks
providing heat dissipation up to
500 watts without forced con-

INFORMATION RETRIEVAL NUMBER 51

vection cooling. Heat sinks within this series
can be pre-drilled to mount any type com-
ponent or semiconductor device requiring
high heat dissipation. Construction is ex-
truded aluminum, and heat sinks are avail-
able unfinished or finished to customer spe-
cification.

4. Modular cooling units utilizing
forced convection provide maximum heat
dissipation performance of air cooled heat
sinks. Special multiplane mounting sur-
faces accept all semiconductor types pro-
viding easy access and reduced circuitry.
Units are available unassembled or as-
sembled, with or without fan, pre-drilled
or undrilled. Heat sink finish is black
anodized with end plates of cadmium
plated steel.

Heat dissipation problem?

..contact ITC TOR, a divi-
sion of Industrial Technology
Corporation, a Subsidiary of
Republic Corporation, 1960
West 139th Street, Gardena,
California 90249. Telephone
(213) 334-4907. Complete
catalog and wall chart on
heat dissipators are available
on request.

ITC TOR
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16 million hours
of test time

INDUSTRIAL
TECHNOLOGY
CORPORATION

!

without a single failure.

ITC Riedon precision wirewound resistors combine this high reliability with close temperature
coefficients, close tolerances, fast rise time and small size.

More specifically, they give you:

® Stability to 0.002%, provided by actually
fusing resistance elements to termina-
tions. Thermal emf is negligible.

® Standard temperature coefficient of 0 =+
10 ppm/°C above 100 ohms to 0 =+ 30
ppm/°C for 0.1 to 9 ohms between
—65°C and 4 150°C.

® Standard tolerance range from 1% down
to 0.005%, measured at 25°C.

® Operation to 175°C, made possible by
unique hot encapsulation, which elimi-
nates virtually all moisture and voids.

® Rise time as fast as 10 nanoseconds up
to 100KHz frequency input. (This puts

VISIT OUR BOOTH, UNIT D
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wirewounds where metal film was once
the only solution.)

This performance should come asﬂ
no surprise. Riedon originated the
molding process for encapsulating
resistors in epoxy. They were first to
produce a molded epoxy encapsulated
precision wirewound resistor that
exceeded MIL-R-39005 and MIL-R-
38100. They have qualified to the
latest military specifications covering
“Hi-Rel” parts (a failure rate of less
than 0.01%/1,000 hours at 125°C and
60% confidence level).

These same resistors go into Riedon
networks. We design and package

them in ladders, voltage dividers, analog-
to-digital converters, operational amplifi-
ers or miniaturized components. Combined
with capacitors, conductors or diodes in
a hermetically sealed package, one
ITC Riedon element can replace 20

or more individual items.
We have a new 12-page folder
that tells the full performance story
of Riedon resistors. Why not send
for a copy? ITC Riedon, a division
of Industrial Technology Corpora-
tion, a subsidiary of Republic Corpo-
ration, 7932 Haskell Avenue, Van
Nuys, California 91406 (213)

873-3464.

ITCRIEDON T
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A few no-nonsense words about
Multilayer Circuit Board cost vs. quality

We at ITC Circuit Products would like
to set the record straight about the cost-to-
quality relationship of multilayer boards.

When a multilayer circuit board manu-
facturer installs the most advanced equip-
ment obtainable, institutes the best possible
processes, places all development and pro-
duction activity under rigorous engineering
control, he will produce quality multilayer
circuit boards.

And the net effect of all of this on cost is
to lower it.

Yield is the key to cost Sound illogical? Not
at all. The reason is that quality processes
and equipment produce greater yield, and
yield is the primary determinant of cost in
any multilayer board production operation.

So when we set up our multilayer circuit
board capability, that's the philosophy we
built it on—the finest state-of-the-art facili-
ties, equipment, and processes available in or-
der to produce the best boards at lowest cost.

VISIT OUR BOOTH, UNIT D

3¢ WESCON/69
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ITC’s Laminating Presses finest in industry
Take our laminating press system, for in-
stance. It’s the most advanced of any circuit
board manufacturer in the nation. The new
system gives an unprecedented +1.5°F
temperature control over the entire platen
which means absolute uniformity of resin
state and cure. What does this do for us?
To date, not a single board has been re-
jected at ITC for layer shift since the new
laminating system was installed, a phenom-
enal record. Another example is precision
cool and cure temperature control. |
Because the temperature curve is
so perfectly defined,
we know the exact
state of cure at

all times and can
take the board out
of the press for oven-bake
at just the right moment to achieve

INFORMATION RETRIEVAL NUMBER 53

predictable electrical characteristics. We
never have to guess on oven curing.
Advanced equipment proving cost concept
Precision laminating presses, numerically
controlled, high-capacity drills, advanced
photoresist processes — all these and many
others daily are proving out ITC’s con-
cept of low cost through high-yield qual-
ity processes and equipment. ITC Circuit
Products is ready for your order, be it
quick turn-around prototype or long pro-
duction run. Really, when at ITC Circuit
Products quality equals low cost,
why take less?
ITC Circuit Products,
a division of Industrial
Technology Corporation,
a subsidiary of Republic
Corporation, 1111 Grand
Street, El Segundo, California
90245, Telephone (213) 772-2531

7 CIRCUIT PRODUCTS
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TECHNOLOGY

CORPORATION
a Subsidiary of Republic Corporation

-

i G

\” &
(|

potentiometer buying

COMPARE THESE FEATURES BEFORE
MAKING ANY POTENTIOMETER
BUYING DECISIONS:

[J SINGLE SOURCE FOR ALL RE-
QUIREMENTS. More than 9000 basic
models, styles, resistance values and lead
configurations assure the exact potentiom-
eter for every application.

[0 WIDE RESISTANCE RANGE. Rec-
tangular, square, tubular, and slide wire con-
figurations combine to provide resistance
selection from Y2-ohm to 150K ohms.

[ PATENTED WIPER trademarked
“Quite Trim” is a most unique wiper de-
sign. Utilizing a ring of multiple contacts
360° around the resistance element, the
wiper makes sequential contacts on each

turn of resistance wire, greatly increasing
resolution and decreasing noise even under
extreme shock and vibration.

] LOW NOISE. “Quiet Trim” wiper design
provides extremely low contact noise. Every
“Quite Trim” potentiometer is 100% in-
spected to assure noise of 20 ohms maximum.

[ LOW TC of only 50 ppm/° C of “Quiet
Trim” potentiometers is far better than that
required by MIL-R-27208.

[0 LOW COST INDUSTRIAL units de-
signed utilizing all MIL-SPEC techniques
complement a complete line of MILITARY
styles per MIL-R-27208.

Enough said ... ? Not quite! We haven't
told you about our dual metal end clutch;
insulated metal mandrell, imbedded in heat
transfer epoxy for highest heat dissipation;
emersion proof styles; and, how wire wound
potentiometers have greater resolution,
higher power capability, and lower TC than

[ ESSENTIALLY ZERO END
RESISTANCE. An advanced
technique of welding the leads to
the resistance element permits
the “Quite Trim” wiper to com-
pletely encompass the element
and resulting in essentially zero
end resistance.

33% of Ejn

RESISTANCE

2 TURNS (25 TURNS TOTAL)

film types.

For complete specifications
and prices, contact: ITC Control
Components, a division of In-
dustrial Technology Corpora-
tion, a subsidiary of Republic
Corporation, 950 No. Sepulveda,
El Segundo, California 90245,
(213) 322-4950.

ITC CONTROL COMPONENTS

ELECTRONIC DESIGN 17, August 16, 1969
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Here’s the full technical program

A timetable showing who’s giving papers, what the subjects

are,and when and where the sessions are being held

Avionics and Aerospace

Collection of Data From in Situ
Sensors Via Satellite—S. D. Dorf-
man, Hughes Aircraft Co. (12.1/
Wed./p.m./C)

Application of Satellites to Domestic
Record Data and Video Transmis-
sion—W. B. Gross, General Elec-
tric (12.2/Wed./p.m./C)

A Multiple Access Satellite Relay
System for Low Data Rate Users
—P. J. Heffernan, NASA-Goddard
Space Flight Center (12.3/Wed./
p.m./C)

Wideband Transmission of Photo-
graphic Data Using the IDCSP
Satellites—W. J. Gill, Philco-Ford
(12.4 /Wed. /p.m./C)

Coding and Signal Selection for the
Data Relay Satellite Interrogation
Channel—G. D. Boyce, General
Dynamics Convair (12.5/Wed./
p.m./C)

Integrated Avionics—Richard D. Al-
berts, AF Avionics Lab. (19.1/
Fri./a.m./A)

Federated vs. Integrated Computer
Systems—J. H. Crenshaw, |IBM
Federal Systems Division (19.2/
Fri./a.m./A)

Role of Man and Machine in Future
—L. S. Guarino, Naval Air Devel-
opment Center (19.3/Fri./a.m./

A)
Realizing Objectives for Complex
Avionic Computer Systems—H.

Barry Schoenky, Teledyne Com-
puter Systems Division (19.4/
Fri./a.m./A)

Design Concepts in Avionics and
Space Equipment—J. R. Goody-
koontz, V. A. Karpenko, TRW Sys-
tems Group (19.5/Fri./a.m./A)

Designing Avionic Equipment for
Automatic Testing—Richard O.
Barrett, Honeywell Aerospace Di-
vision (21.1/Fri./a.m./A)

U104

Circuit Theory

Microwave Circuit Synthesis and
Measurement—H. Stinehelfer, W.
Atwood, Microwave Associates
(6.4 /Tues./p.m./C)

A Novel Approach to High Frequency
Trigger Circuit Design—Richard
McMorrow, William  Farnbach,
Hewlett-Packard Co. (13.2/Thur./
a.m./A)

Computer-Aided Circuit Analysis—
Harry B. Lee, Mass. Institute of
Technology (23.1/Fri./p.m./B)

Bipolar Transistor Modeling for Com-
puter-Aided Design—William G.
Howard Jr., University of Califor-
nia (23.2/Fri./p.m./B)

Network Design by Mathematical Op-
timization—S. W. Director, Univ.
of Florida (23.3/Fri./p.m./B)

Computer-Aided Layout—Les Haz-
lett, Motorola (23.4/Fri./p.m./B)

Automatic Test Synthesis—E. R.
Jones, Fairchild Semiconductor
(23.5/Fri./p.m./B)

Papers by categories:
Avionics and Aerospace

Circuit Theory

Communications

Computers and Computer-
Aided Design

Education

Industrial Electronics
Material and Packaging
Management and Marketing
Microelectronics

Microwaves

Solid-State Devices and
Theory

Test Equipment and
Measuring Techniques

Communications

VHF MOS Receiver ‘“‘Front-End’’'—
Richard Q. Lane, Fairchild Semi-
conductor (9.1/Wed./a.m./C)

Linear ICs in Consumer Television
and AM/FM Receivers—S. B.
Marshall, G. W. Haines, Sprague
Electric Co. (9.2/Wed./a.m./C)

Efficient Use of Pins in Complex
Communication Subsystems—
Robert A. Hirschfield, National
ge)amiconductor (9.3/Wed./a.m./

The Systems Approach to the Design
of Integrated Communication Cir-
cuits—Hans R. Camenzind, Sig-
netics Corp. (9.4/Wed./a.m./C)

University-Industry Television, Radio
and Telephone Links—Albert J.
Morris, Genesys Systems (10.1/
Wed./p.m./A)

Stanford Instructional TV Network—
Joseph M. Pettit, Donald J. Grace,
Stanford University (10.2/Wed./

p.m./A)

Association for Continuing Educa-
tion (ACE)—Julian Johnson, ACE
(10.3/Wed./p.m./A)

UC at Berkeley-TV Plans and Status
—George Maslach, University of
California (10.4/Wed./p.m./A)

University of Santa Clara-TV Plans
and Status—Charles Dirksen,
Univ. of Santa Clara (10.5/Wed./
p.m./A)

Television Instruction at San Jose
State College—Norman O. Gun-
derson, San Jose State (10.6/
Wed./p.m./A)

UC at Irvine-UCLA-TV Systems,
Plans and Status—Robert M.
Saunders, UC, Irvine (10.7 /Wed./
p-m./A)

Univ. of Southern California-Instruc-
tional TV Network—Jack Munu-
shian, USC. (10.8/Wed./p.m./A)
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Digital Implementation of Data
Transmission Modulators and De-
modulators—W. J. Melvin, Collins
Radio (11.1/Wed./p.m./B)

A Simple Adaptive Equalizer for Ef-
ficient Data Transmission—D.
Hirsch, W. J. Wolf, Bell Telephone
Lab. (11.2/Wed./p.m./B)

Practical Adaptive Equalizers for
Data Transmission—=Gerald K. Mc-
Auliffe, IBM Watson Research
Center (11.3/Wed./p.m./B)

Recent Developments in Error Control
Techniques—Allen H. Levesque,
General Telephone and Electronics
Labs. (11.4/Wed./p.m./B)

Collection of Data From in Situ
Sensors Via Satellite—S. D. Dorf-
man, Hughes Aircraft Co. (12.1/
Wed. /p.m./C)

Application of Satellites to Domestic
Record Data and Video Transmis-
sion—W. B. Gross, General Elec-
tric (12.2/Wed./p.m./C)

Multiple-Access Satellite Relay Sys-
tem for Low Data Rate Users—
P. J. Heffernan, NASA-Goddard
Space Flight Center (12.3/Wed./
p.m./C)

Wideband Transmission of Photo-
graphic Data Using the IDCSP
Satellites—W. J. Gill, Philco-Ford
(12.4 /Wed./p.m./C)

Coding and Signal Selection for the
Data Relay Satellite Interrogation
Channel—G. D. Boyce, General
Dynamics Convair (12.5/Wed./
p.m./C)

Bulk Semiconductor Devices for Mi-
crowaves, Millimeter Waves, and
Beyond—John A. Copeland, Bell
Telephone Labs. (20.3/Fri./a.m./
B)

Linear Circuits for Communications
Applications—Derek Bray, Fair-
child Semiconductor (20.4/Fri./
a.m./B)

Computers and
Computer-Aided Design

Using Computer-Aided Design in Pro-
duction and Testing of Custom
LSI—Robert Ulrickson, Fairchild
Semiconductor (1.2/Tues./a.m./
A)

Stripline Characterization by Com-
puter—H. E. Brenner, Bell Tele-
phone Labs. (6.1 /Tues./p.m./C)

Computer-Aided Small Signal Tran-
sistor Modeling—F. H. Musa, Mo-
torola Semiconductor (6.2/Tues./,
p.m./C

Computer-Aided Design of GaAs
Impatt Diodes—C. K. Kim, Micro-
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state  Electronics

p.m./C)

(6.3/Tues./

Microwave Circuit Synthesis and
Measurement—H. Stinehelfer, W.
Atwood, Microwave Associates
(6.4/Tues./p.m./C)

Computerized Wide-Band Amplifier
Design—Les Besser, Hewlett-
Packard (6.5/Tues./p.m./C)

Computer-Aided Design of Micro-
wave Integrated Circuits—Gary J.
Policky, Texas Instruments (6.6/
Tues./p.m./C)

Time Sharing: Why, When, Whither?
—Robert Forest, Datamation Mag-
azine (7.1/Wed./a.m./A)

What can the Electronics Industry do
for Time-Sharing?—Kas Terhorst,
Computer Design Corp. (7.2/
Wed./a.m./A)

Computer Languages—Why so Many,
and What is the Application for
each in the Engineering Com-
munity?—Paul Sleeper, Remote
g;')mputing Corp. (7.3/Wed./a.m./

Time-Sharing in Engineering Educa-
tion-And After—Eugene H. Koff,
California State College at Los
Angeles (7.4 /Wed./a.m./A)

The Stand Alone, Central or Satel-
lite Approach for Computer Con-
trol of Manufacturing Processes—
James E. Stuehler, IBM (8.1/
Wed./a.m./B)

Factory Data Collection—A Case
Study—James D. Edwards, Lock-
heed Missiles & Space (8.2 /Wed./
a.m./B)

Computer Controlled On Line Testing
and Inspection—Peter H. Goebel,
General Radio (8.3/Wed./a.m./B)

Automated Factory: An Overview and
Predictions—Walter R. Anderson,
IRA Systems (8.4/Wed./a.m./B)

Code to abbreviations

a.m.—Morning sessions (10 a.m.
to 12:30 p. m.)

p.m.—Afternoon sessions (2 p.m.
to 4:30 p.m.)

All sessions will be held in the
following meeting rooms at the
Cow Palace:

A—Meeting Room A
B—Meeting Room B

C—Meeting Room C

Numerals refer to sessions and to
papers within a session—for ex-
ample, 6/1 is paper 1 in session

Computer Techniques in High Fre-
quency Circuit Design—Alan J.
DeVilbiss, Hewlett-Packard (13.1/
Thur./a.m./A)

Theory of Automatic Processing—
Frank E. Boerger, IBM Corp.
(16.1/Thur./p.m./A)

Equipment for Automatic Processing
—Donald G. Pedrotti, Hugle In-
dustries (16.2/Thur./p.m./A)

Ca§e History of Automatic Process-
ing—
(16.3/Thur./p.m./A)

The Future of Automatic Processing
—C. Clifford Roe, Fairchild Semi-
conductor (16.4/Thur./p.m./A)

Status Trends & Predictions of Dis-
play Devices—Edwin H. Holborn,
NASA Electronics Research Cen-
ter (18.1/Thur./p.m./C)

Displaying Engineering Data in Sys-

tems Applications on a Color CRT
M. C. Griesacker, General
Electric Co. & Walter H. Tew,
General Electric (18.2/Thur./,
p.m./C)

Image Distribution System, An Ap-
proach Toward Personal Displays
—Joe T. Ma, IBM Corp. (18.3/
Thur./p.m./C)

The Application of Digital Television
Displays to Computer-Directed
Control Systems.—S. E. Grooms,
Philco-Ford (18.4/Thur./p.m./C)

On-Line Graphics for Information
Handling & Display—John E.
Peyton Jr., Boeing (18.5/Thur./
p.m./C)

Designing Avionic Equipment for
Automatic Testing—Richard 0.
Barrett, Honeywell Aerospace Di-
vision (21.1/Fri./a.m./C)

Development of Software Systems for
Automated Test Equipment (CATE)
—Eddie J. Johnson, James V.
x)cCarthy, SDC (21.2/Fri./a.m./.

A Computer Controlled Test System
—Frank M. Stutesman, Bendix
Navigation & Control Division
(21.3/Fri./a.m./C)

Hardware / Software Management-
Computer Aided Testing—D. S.
Bassett, Emerson Electric Co.
(21.4/Fri./a.m./C)

Computer-Aided Circuit Analysis—
Harry B. Lee, Mass. Institute of
Technology (23.1/Fri./p.m./B)

Bipolar Transistor Modeling for Com-
puter-Aided Design—William G.
Howard Jr., University of Cali-
fornia (23.2/Fri./p.m./B)

Network Design by Mathematical Op-

U105



Exclusive

Technical Session
Order Form

Please send me the following WESCON
technical session preprints at $2.00 per
session (average: four papers per ses-
sion), plus $1 mailing charge per com-
plete order. | understand this order will
be mailed to my address within two weeks
after receipt. Offer good until November
1, 1969. Packaging symposium record is
also available.

(Note: Papers bound by sessions; no in-
dividual papers available).

Se;ii.on Quantity Se;zi.on Quantity
1 15
2 16
3 17
5 18
6 19
8 20~
9 21
10 22
11 23
12
13
14

Packaging Symposium Record $12.00 []

Total Sessions x $2.00 = §
Plus $1.00 Mailing Charge = § _1.00
Total Cost = §

Make check payable toWESCON and mail
with this form to:

WESCON

3600 Wilshire Blvd.

Los Angeles, Calif. 90005

DATE

NAME

FIRM

STREET ADDRESS

CITY, STATE, ZIP CODE
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timization—S. W. Director, Univ.
of Florida (23.3/Fri./p.m./B)

Computer-Aided Layout—Les Haz-
lett, Motorola (23.4/Fri./p.m./B)

Automatic Test Synthesis—E. R.
Jones, Fairchild Semiconductor
(23.5/Fri./p.m./B)

Education

Time-Sharing in Engineering Educa-
tion—And After—Eugene H. Koff,
California State College at Los
Angeles (7.4 /Wed./a.m./A)

University-Industry Television, Radio
and Telephone Links—Albert J.
Morris, Genesys Systems (10.1/
Wed./p.m./A)

Stanford Instructional TV Network—
Joseph M. Pettit, Donald J. Grace,
Stanford University (10.2/Wed./
p.m./A)

Association for Continuing Educa-
tion (ACE)—Julian Johnson, ACE
10.3/Wed./p.m./A)

UC at Berkeley—TV Plans and Sta-
tus—George Maslach, University
?\f) California (10.4/Wed./p.m./

University of Santa Clara—TV Plans
and Status—Charles Dirksen,
Univ. of Santa Clara (10.5/Wed./
p.m./A)

Television Instruction at San Jose
State College—Norman 0. Gun-
derson, San Jose State (10.6/
Wed. /p.m./A)

UC at Irvine—UCLA—TV Systems,

Plans and Status—Robert M.
Saunders, UC, Irvine (10.7/
Wed./p.m./A)

Univ. of Southern California—In-
structional TV Network —Jack
Munushian, USC (10.8/Wed./
p.m./A)

Industrial Electronics

The Stand Alone, Central, or Satel-
lite Approach for Computer Con-
trol or Manufacturing Processes?
—James E. Stuehler, IBM (8.1/
Wed. /a.m./B)

Factory Data Collection—A Case
Study—James D. Edwards, Lock-
heed Missiles & Space (8.2/
Wed./a.m./B)

Computer Controlled On Line Testing
and Inspection—Peter H. Goebel,
General Radio (8.3/Wed./a.m./B)

Automated Factory: An Overview and
Predictions—Walter R. Anderson,
IRA Systems (8.4 /Wed./a.m./B)

Theory of Automatic Processing—
Frank E. Boerger, IBM Corp.
(16.1/Thur./p.m./A)

Equipment for Automatic Processing
—Donald G. Pedrotti, Hugle In-
dustries (16.2/Thur./p.m./A)

Case History of Automatic Process-
ing—
(16.3/Thur./p.m./A)

The Future of Automatic Processing
—C. Clifford Roe, Fairchild Semi-
conductor (16.4/Thur./p.m./A)

Material and Packaging

Solid Logic Technology Manufactur-
ing—Walter J. Schuelke, IBM
(2.1/Tues./a.m./B)

Bonding Techniques for Integrated
Circuits—Robert W. Helda, Mo-
torola Inc. (2.2/Tues./a.m./B)

Beam Lead Assembly Technology—
Brian Dale, Sylvania Electronics
System (2.3/Tues./a.m./B)

Manufacturing Concept for Beam
Lead Assembly—D. K. Thomson,
Western Electric Co. (2.4 /Tues./
a.m./B)

Management and
Marketing

Impact of LSI Technolegy on the
Electronic Market—Glenn E. Peni-
sten, Texas Instruments (1.3/
Tues./a.m./A)

The Vendor User Interface With MOS
Universal Arrays—M. M. Kaufman,
G. E. Skorup, RCA Defense Elec-
tronics (1.4 /Tues./a.m./A)

The Many Routes to the Money Mar-
ket—William B. Hugle, Hugle In-
dustries (5.1/Tues./p.m./B)

Selling the Package: What They
Want to Hear—David C. Thomp-
son, Linear Systems (5.2/Tues./
p.m./B)

Holding Your Own in the Money
Market—Gordon L. Ness, Ness
Industries (5.3 /Tues./p.m./B)

Why, How and When to go Public—
David S. M. Lanier Jr., Compar
Corp. (5.4 /Tues./p.m./B)

European Electronics Market: 1969
—R. J. Larkin Jr., Ampex Corp.
(14.1/Thur./a.m./B)

Marketing Electronic Products in
Japan—James K. Imai, Mentor
Japan (14.2/Thur./a.m./B)

The New Asian Electronics Market
Outside of Japan—G. B. Levine,
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Mentor International (14.3/Thur./
a.m./B)

Alternatives to Direct Sales, License,
Joint Venture, and Subsidiary—
Carl J. Bradshaw, Oad Electro/
netics Corp. (14.4/Thur./a.m./B)

Hardware / Software Management-
Computer Aided Testing—D. S.

Bassett, Emerson Electric Co.
(21.4/Fri./a.m./C)
Microelectronics

Who Needs LS| In-House Capability—
George Hare, The Singer Co.
(1.1/Tues./a.m./A)

Using Computer-Aided Design in Pro-
duction and Testing of Custom
LSI—Robert Ulrickson, Fairchild
Semiconductor (1.2/Tues./a.m./
A)

Impact of LS| Technology on the
Electronics  Market—Glenn E.
Penisten, Texas Instruments (1.3/
Tues./a.m./A)

The Vendor User Interface With MOS
Universal Arrays—M. M. Kauf-
man and G. E. Skorup, RCA De-
fense Electronics (1.4/Tues./
a.m./A)

Solid Logic Technology Manufactur-
ing—Walter J. Schuelke, IBM
2.1/Tues./a.m./B)

Bonding Techniques for Integrated
Circuits—Robert W. Helda, Mo-
torola Inc. (2.2/Tues./a.m./B)

Beam Lead Assembly Technology—
Brian Dale, Sylvania Electronics
System (2.3/Tues./a.m./B)

Manufacturing Concept for Beam
Lead Assembly—D. K. Thomson,
Western Electric Co. (2.4 /Tues./
a.m./B)

Solid State Microwave Variable De-
lay Devices—Ernst K. Kirchner,
Microwave Electronics (3.1/Tues./
a.m./C)

Bulk GaAs and Impatt Microwave
Sources— W. Keith Kennedy, Jr.,
Watkins-Johnson (3.2/Tues./
a.m./C)

Microwave Transistor Amplifier De-
sign—James R. Reid, Avantek
Inc. (3.3/Tues./a.m./C)

Parameters Used in Specifying Var-
actor-Tuned Solid State Oscillators
—William D. Heichel, Thomas R.
Bushnell, Stewart Div., Watkins-
Johnson Co. (3.4 /Tues./a.m./C)

UHF Integrated Microcircuits—Rob-
ert M. Knox, IIT Research Insti-
tute (3.5/Tues./a.m./C)
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Miniature microwave counter by Systron-Donner counts from 300 MHz to
3 GHz. It will be on display at booth 1412,

Survey of Active Filtering Techniques
Using Integrated Circuits—Sanjit
Mitra, University of California
(4.1 /Tues./p.m./A)

A State Variable and Gyrator Reali-
zation-Comparison—Robert Bew-
comb, Stanford University (4.2/
Tues./p.m./A)

Active Filters Employing Silicon Mon-
olithic Gyrators—Robert Hove,
Boeing Company (4.3/Tues./
p.m./A)

Multiloop Negative Feedback Active
Filters Using Thick Film Integrated
Circuit Techniques—Dennis Hal-
lenbeck, Kinetic Tech. (4.4/
Tues./p.m./A)

FEN Filter Design Using Hybrid In-
tegrated Blocks—George Mosch-
ytz, Bell Telephone Laboratories
(4/5/Tues./p.m./A)

ICs and Thick Films Add Up to Im-
proved RC Active Filters—William
Broyles, Sprague Electric (4.6/
Tues./p.m./A)

VHF MOS Receiver ‘‘Front-End"’—
Richard Q. Lane, Fairchild Semi-
conductor (9.1/Wed./a.m./C)

Linear ICs in Consumer Television
and AM/FM Receivers—S. B.
Marshall, G. W. Haines, Sprague
Electric Co. (9.2/Wed./a.m./C)

Efficient Use of Pins in Complex
Communication Subsystems—
Robert A. Hirschfeld, National
Semiconductor (9.3 /Wed./a.m./

0

The Systems Approach to the Design
of Integrated Communication Cir-
cuits—Hans R. Camenzind, Sig-
netics Corp. (9.4 /Wed./a:m./C)

MOS ICs: The Designer’'s Dilemma—
Glen Madland, Integrated Circuit
Engineering Corp. (15.1/Thur./
a.m./C)

MOS ICs: Answers to Systems Prob-
lems—Ralph Parris, Burroughs
Corp. (15.2/Thur./a.m./C)

MOS/LSI: A Joint Business Venture
—Larry Drew, Viatron Computer
Systems Corp. (15.3/Thur./a.m./
C)

MOS ICs: Bipolar Compatibility Is
Here—Leland Seely, General In-
strument Corp. (15.4/Thur./a.m./
C)

MOS ICs: The Promise of Things to
Come—AIl Phillips, Autonetics
(15.5/Thur./a.m./C)

Monolithic  Voltage Regulators—
Thomas M. Frederiksen, Motorola
Integrated Circuits Center (17.1/,
Thur./p.m./B)

Voltage Regulator Capabilities Using
Hybrid Techniques—George W.
Smith, Beckman Instruments Inc.
(17.2/Thur./p.m./B)

High Power Hybrid Amplifiers—Herb
Miezel, Dale Baugher, and Leon
Balents, RCA (17.3/Thur./p.m./.
B)

Controlling Power on a Chip—Wil-
liam D. Whittekin Sr., Texas In-
struments (17.4/Thur./p.m./B)

What is Needed in Power Microcir-
cuits—James W. Williams, Hughes
Aircraft Co. (17.5/Thur./p.m./B)

New Solid-State Products—Digital
Circuits—Morris Chang, Texas
Instruments, Semiconductor Cir-
cuits Division (20.2/Fri./a.m./B)
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Linear Circuits for Communication
Applications—Derek Bray, Fair-
child Semiconductor (20.4/Fri./
a.m./B)

Microwaves

Solid State Microwave Variable De-
lay Devices—Ernst K. Kirchner,
Microwave Electronics (3.1/Tues./
a.m./C)

Bulk GaAs and Impatt Microwave
Sources—W. Keith Kennedy, Jr.,
Watkins-Johnson (3.2/Tues./
a.m./C)

Microwave Transistor Amplifier De-
sign—James R. Reid, Avantek
Inc. (3.3/Tues./a.m./C)

Parameters Used in Specifying Var-
actor-Tuned Solid State Oscillators
—William D. Heichel, Thomas R.
Bushnell, Stewart Div., Watkins-
Johnson Co. (3.4/Tues./a.m./C)

UHF Integrated Microcircuits—Rob-
ert M. Knox, |IT Research Institute
(3.5/Tues./a.m./C)

Stripline Characterization by Com-
puter—H. E. Brenner, Bell Tele-
phone Labs. (6.1/Tues./p.m./C)

Computer-Aided Small Signal Tran-

sistor Modeling—F. H. Musa,
Motorola Semiconductor (6.2/
Tues./a.m./C)

Computer-Aided Design of GaAs

Impatt Diodes—C. K. Kim, Mi-
crostate Electronics (6.3 /Tues./

‘900080 ¢

p.m./C)

Microwave Circuit Synthesis and
Measurement—H. Stinehelfer, W.
Atwood, Microwave Associates
(6.4 /Tues./p.m./C)

Computerized Wide-Band Amplifier
Design—Les Besser, Hewlett-
Packard (6.5/Tues./p.m./C)

Computer-Aided Design of Micro-
wave Integrated Circuits—Gary J.
Policky, Texas Instruments (6.6/
Tues./p.m./C)

Bulk Semiconductor Devices for Mi-
crowaves, Millimeter Waves, and
Beyond—John A. Copeiand, Bell
'léelephone Labs (20.3/Fri./a.m./

)

Linear Circuits for Communications
Applications—Derek Bray, Fair-
child Semiconductor (20.4/Fri./
a.m./B)

Solid-State Devices
and Theory

Solid State Microwave Variable De-
lay Devices—Ernst K. Kirchner,
Microwave Electronics (3.1 /Tues./
a.m./C)

Bulk GaAs and Impatt Microwave
Sources—W. Keith Kennedy, Jr.,
Watkins-Johnson (3.2/Tues./
a.m./C)

Microwave Transistor Amplifier De-
sign—James R. Reid, Avantek
Inc. (3.3/Tues./a.m./C)

Model 4500 digital voltmeter in two packaging configurations for rack mount

and bench applications will be on display at Dana Laboratories booth 2008.
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Parameters Used in Specifying Var-
actor-Tuned Solid State Oscillators
—William D. Heichel, Thomas R.
Bushnell, Stewart Div., Watkins-
Johnson Co. (3.4/Tues./a.m./C)

UHF Integrated Microcircuits—Rob-
ert M. Knox, |IT Research Insti-
tute (3.5/Tues./a.m./C)

Ecological Niches for Optoelectronic
Devices—E. E. Loebner, H. Bor-
den, Hewlett-Packard Co. (20.1/
Fri./a.m./B)

New Solid-State Products—Digital
Circuits—Morris Chang, Texas In-
struments, Semiconductor Circuits
Division (20.2/Fri./a.m./B)

Bulk Semiconductor Devices for
Microwaves, Millimeter Waves, and
Beyond—John A. Copeland, Bell
Telephone Labs (20.3/Fri./a.m./
B)

Linear Circuits for Communications
Applications—Derek Bray, Fair-
child Semiconductor (20.4/Fri./
a.m./B)

Test Equipment and
Measuring Techniques

A Novel Approach to High Frequency
Trigger Circuit Design—Richard
McMorrow, William  Farnbach,
Hewlett-Packard Co. (13.2/Thur./
a.m./A)

Transient Oscillography with Photo-
graphic Media—A. E. Ames, R. C.
Jones, G. R. Bird, Polaroid Corp.
Research Labs (13.3/Thur./a.m./
A)

High Speed Single Transient Oscillo-
scopes, the State of the Art, and
Current Potential for Mating to
On-Line Computers—Gordon Long-
erbeam, Jay Wiedwald, Larry Ferd-
erber, Lawrence Radiation Lab
(13.4/Thur./a.m./A)

The TRAC System—G . St. Leger-
Barter, Lawrence Radiation Lab.
and S. Walter, EG&G (22.1/Fri./
p.m./A)

Wideband Attenuation and Phase
Measurements on High Quality
Coaxial Cables—R. L. Rhoads, A.
M. Evans, Lawrence Radiation
Lab. (22.2/Fri./p.m./A)

Wideband System Function Analyzer
Employing Time to Frequency Do-
main Translation—A. M. Nicolson,
Sperry Rand (22.3/Fri./p.m./A)

An lterative, Time Domain Method
of System Response Correction—
M. P. Ekstrom, Lawrence Radia-
tion Laboratory (22.4/Fri./p.m./
A)
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It's a GRrrrand Counter

i - Aye, that’s what you’ll think of our new counter. From its wee size

4 to its big performance, the 1192 is new in every respect.

® |t's only 8% inches wide by 3% inches high.

® |t measures frequency (from dc to 32 MHz), period (single and
multiple), time interval, frequency ratio, and, of course, it counts.

@ Units of measurement and decimal point are automatically dis-
played.

® |nput sensitivity is another surprise, a wee 10 mV is all you need
(up to 25 MHz); and you can control trigger threshold and
attenuation.

® An internal crystal oscillator gives more than enough stability for
most work.

You can select an 1192 with 5, 6, or 7 digits, with or without BCD
output, and for bench or rack use. And if 32 MHz is not enough
frequency range for you, add our new 1157-B scaler (same size)
to the 1192 and zoom up to 500 MHz. The counter/scaler combina-
tion, the 1192-Z, has a common cabinet. There's more, lots more,
to tell about the 1192; we'll gladly send you a free data sheet upon
request.

But the grandest part of all about the 1192 is the money you’ll save
when you buy one. Prices* range from $575 for the 5-digit bench
model without data output to $845 for a 7-digit rack model with
data output. You can add the scaler for another $850. Imagine, a
500-MHz counter for as little as $1425. Man, that’s a real bargain.
You can save quite a few more dollars by ordering two or more units
and taking advantage of GR’s quantity-discount plan. Discounts
range from 3% for 2-4 units to 20% for 100 units.

For free literature (postpaid) or a demonstration at our expense,
write or call General Radio Company, West Concord, Massachusetts
01781; telephone 617 369-4400. In Europe (except Scotland), write
Postfach 124, CH 8034 Zurich 34, Switzerland. In Scotland, write
General Radio Company (U.K.) Limited, Bourne End, Bucking-
hamshire, England, for special attention.

*Prices apply only in the U. S. A.

GENERAL RADIO B

:
o
LN

PERIODS
GATE OR RATIOS
TIME AVERAGED

100us —1

— ms$—10
B — 10ms—10?
S —100ms—10°
. —10
108 —10*

COUNT
STARTe STOP RESET



Circle No. 232 For Literature.

Circle No. 231 For Literature.
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Circle No. 233 For Literature.

HEeW NECW BIEW

GUARDIAN

GUARDIAN

PUSH BUTTON
SWITCH BANKS

W Sleek, compact design—only
1%” high. @ Non-illuminated or
illuminated with color coding.
M Buttons on %" centers. B Up to
12 stations in multiples of 2.
W Contacts rated at both 1%2 amp
and 10 amps at 115V AC resistive.
N Up to 4 pole double throw per
station. M .110 Quick Connect
Terminals. @ End panel has four
%,"tapped mounting holes. B
Long life—100,000 mechanical
operations.

Circle No. 234 For Literature.

GUARDIAN

All the features of the widely used
Guardian MER 24 point electrical
reset stepper...

PLUS

M Solenoid “lifts” wiper contacts
when stepping to reduce fric-
tion...and arcing. M Increased
contact ratings to 5 amps resis-
tive at 120V AC. M Increased func-
tion capability. ® Increased
dependability. B Increased life ex-
pectancy—now up to 10,000,000
steps. ® Compact design.

Circle No. 235 For Literature.




If Hybrid IC Active Filters

with passive filter
stability could solve your

problems,
you'd
probably

cond transfer function ®

negative feedback for added stability ® F. and Q o
Frequency range from DC to 50 kHz ® Q range from
ply voltages from -9V to --15V with 250 mW power cor
x0.474”.

Gentlemen at KTl:
Please send me more information on:

[ FS-20 [ All Active Filters [1 Hybrid Subsystems
] Put me on your permanent mailing list

Name

Company

Address

City

State

My applications are:

n DIP) 0.804”
PRICES: 1-5 $47 26-99  $37
6-10 $42  100-999 $35
11-25 $39  1000-2000 $28

KINETIC TECHNOLOGY, INCORPORATED
17465 Shelburne Way, Los Gatos, California 95030
(408) 356-2131 TWX: 910-597-5390

The name to remember for Hybrid Integrated

Systems and Active Filters . ..



- Shaft Encoders, 34 tvnes

- Sunchro-to-Dioital Converters, 6 tvpes
- Analoo-to-Dioital Gonverters, 10 tvnes
- Solid-State Dioital Modules. 136 tvnes

DESIGNERS : M
PORTFOLIO !

ON zﬁ
DECITRAK | 1
\ i

INSTRUMENT CORp ‘ i

Includes copy of
“A Primer on Shaft Encoders”

We call it the DECITRAK® SYSTEM

Selecting from hundreds of off-the-shelf digital
transducers and circuits, we assemble a remarkably
low-cost, customized digital system for control/dis-
play/logging. DECITRAK can perform as simple a job
as providing remote digital display of antenna pedes-
tal position. Or, as impressive a task as the precise
control of massive prime movers in response to
punched-card commands.

Need a computer interface? A code converter? A
typewriter driver? Set-point controls? Let a Theta Ap-
plication Specialist tailor a system to your specific
needs from the field-proven line of DECITRAK digital
components.

More than 1,000 of these systems are now in use
in nuclear installations, satellite tracking stations,
wind tunnels, and aboard ships.

INSTRUMENT CORPORATION

FAIRFIELD, NEW JERSEY 07006 PHONE: 201 - 227-1700 TELEX: 138353
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Curtains Up!
It’s showtime.

Instrumentation.............. U118
Microwaves & lasers......... U136
Components.................. U142
ICs & semiconductors........ U152
Modules & subassemblies . .. U160
Data processing.............. U172
Packaging & materials ....... U180

Pratluchian. o e s U186

Dual-trace oscilloscope boasts a real-
time frequency response from dc all
the way out to 250 MHz.

Segmented fluorescent readout with
alphanumeric capability shrinks en-
velope to T-5-1/2 sizé for high-
density packaging.

ELECTRONIC DESIGN 17, August 16, 1969
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— PRINT INDEX

\ANUAL AUTO 10 ADV )

3 /1 J 7 3
Printing digital voltmeter with 3-1/2- 2 D 5 ,
digit readout occupies only 3-1/2 by ot el i ’
8 in. of a front panel. e I R ey SR

Streamlined digital multimeter, which
costs only $345, never loads the cir-
cuit being measured. It has a 3-1/2-
digit readout.

Bi-pin T-1-3/4 lamps, which come in
five different styles, have a tough
plastic base.

p_—



MARK OF £ XCEL LENCE

Now, ready for you in quantity.

The new Delco Radio DTS-701 and
702 NPN triple-diffused silicon high volt-
age transistors. They were designed for
the tough requirements of off-line de-
flection in large screen TV.

However, they're built and tested
for extra reliability in all high energy
circuits. Proved by the surest peak en-
ergy capability rating in the business:

For the tough jobs—high inductive
load switching or for circuits subject to
transients or fault conditions.

For reduction of weight, size and
component costs. Circuit complexity and
number of components are reduced, so
assembly costs go down, too. And fewer
components mean higher reliability.

Pulse Energy Testing.

And right now, they’re available in
both production and sample quantities.

Why will you want to use the Delco

701 or 702?

SEMICONDUCTOR DISTRIBUTORS

ALA., BIRMINGHAM . Forbes Distributing Company, Inc.
(205)-251-4104

ARIZ., PHOENIX « Sterling Electronics, Inc. (602)-258-4531
CAL., LOS ANGELES « Kierulff Electronics, Inc. (213)-685-5511
« Radio Products Sales, Inc. (213)-748-1271

CAL., PALO ALTO « Kierulff Electronics, Inc. (415)-968-6292
CAL., SAN DIEGO « Milo of California, Inc. (714)-232-8951
COLO., COLORADO SPRINGS « L. B. Walker Radio Co. (303)-636-1661
COLO., DENVER « L. B. Walker Radio Co. (303)-935-2406
COLO., ENGLEWOOD « Hyer Electronics Co. (303)-771-5285
FLA., MIAMI « Mountain Electronics, Division of

Mountain National Co. (305)-634-4556

Ullé

So now you know. The pioneer in high
voltage silicon power has done it again.

For prices, samples orcomplete data,
just call us or the nearest Delco Radio
distributor listed below.

FLA., WEST PALM BEACH . Mountain Electronics, Division of
Mountain National Co. (305)-883-5701

ILL., ROSEMONT .« F-J-R/Midwest, Inc. (312)-678-8560

ILL., SKOKIE « Merquip Electronics, Inc. (312)-282-5400

IND., INDIANAPOLIS « Graham Electronics Supply, Inc.

(317)-634-8486

MD., BALTIMORE . Radio Electric Service Co. (301)-539-3835

MASS., NEWTON . The Greene Shaw Co., Inc. (617)-969-8900

MICH., KALAMAZO0O0 . Electronic Supply Corp. (616)-381-4626

MINN., MINNEAPOLIS . Stark Electronics Supply Co. (612)-332-1325

MO., KANSAS CITY « Walters Radio Supply, Inc. (816)-513-7015

MO., ST. LOUIS « Electronic Components for Industry Co.

(314)-647-5505

ELECTRONIC DESIGN 17, August 16, 1969



1200V -3.0A
800V - 0.5A

DTS-701
Collector to emitter voltage (Vceo).............. 800V
Sustaining voltage (Vceo (sus)). .-« .. ovv... ... 600V min.
Emitter to base voltage (Veso).................. 5V
Collectorcunrentitle)s it Emi e B 500mA
Base CURFBNECIR) - . v oo s ss s o oiiolos o s s e i 100mA
Power dissipation (Pr). ... o rnisns s v disiaimeraiin 25W

DTS-702
Collector to emitter voltage (Veex).............. 1200V
Collector to emitter voltage (Veeo). . ............ 1000V
Sustaining voltage (Vceo (sus)). .« «v v vnvn ... 750V min.
Emitter to base voltage (Veso).................. 5V
Collectarcumentifle)) . .. i v o 3A
Base CUECAIBGIRINC Y. & s sl m e PRl 1A
Power/dissipatioi@RT). .« sleii S o Bl ... . . 50W

Available in solid copper. JEDEC TO-3 package.

N.J., CLIFTON « Eastern Radio Corporation (201)-471-6600

N.M., ALBUQUERQUE « Hyer Electronics Company (505)-265-5767
« Sterling Electronics Inc. (505)-247-2486

N.Y., BINGHAMTON . Federal Electronics, Inc. (607)-748-8211
N.Y., NEW YORK . Harvey Radio Co., Inc. (212)-582-2590

N.Y., WOODBURY, L.I. « Harvey Radio Company, Inc. (516)-921-8700
OHIO, CINCINNATI « United Radio, Inc. (513)-761-4030

OHIO, CLEVELAND « The W. M. Pattison Supply Co., Industrial
Electronics Division (216)-411-3000

OHIO, DAYTON « F-J-R/Ohio, Inc. (513)-278-9411
OKLA., OKLAHOMA CITY . Radio, Inc. (405)-235-1551
OKLA., TULSA . Radio, Inc. (918)-587-9124

Kokomoan’s Regional Headquarters

Union, New Jersey* 07083 Kokomo, Ind. 46901

Box 1018 Chestnut Station 700 E. Firmin

(201) 687-3770 (317) 459-2175 Home Office
Chicago, lllinois* 60656 *Office includes field lab
5151 N. Harlem Avenue and resident engineer
(312) 775-5411 for application assistance.
Santa Monica, Calif.* 90401
726 Santa Monica Blvd.
(213) 870-8807

Detroit, Michigan 48202

57 Harper Avenue

(313) 873-6560

THE KOKOMOANS \ ARE IN POWER

DELCO RADIO

DIVISION OF GENERAL MOTORS
KOKOMO, INDIANA

PENN., PHILADELPHIA « Almo Electronics, Division of
Sterling Electronics (215)-676-6000

PENN., PITTSBURGH « RPC Electronics (412)-782-3770

TEXAS, DALLAS . Adleta Electronics Company (214)-742-8257
TEXAS, FORT WORTH . Adleta Electronics Co. (817)-336-7446
TEXAS, HOUSTON . Harrison Equipment Co., Inc. (713)-224-9131
UTAH, SALT LAKE CITY « Hyer Electronics Company (801)-487-3681
VA., RICHMOND . Meridian Electronics, Inc. (703)-353-6648
WASH., SEATTLE . Kierulff Electronics, Inc. (206)-763-1550
WASH., TACOMA « C & G Electronics Co. (206)-272-3181

CANADA, ONT., SCARBOROUGH « Lake Engineering Co., Ltd.
(416)-751-5980

INFORMATION RETRIEVAL NUMBER 58
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INSTRUMENTATION

Dual-trace oscilloscope
performs fromdc to 250 MHz

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone:
(415) 826-7000. P&A: $1750 for
mainframe,; November, 1969.
Providing real-time response
from dec all the way to 250 MHz,
a new dual-trace oscilloscope, model
183A, does not sacrifice viewing
ease, operating ease, sensitivity, or
plug-in versatility. This means that
the 183A can be used to view digi-
tal words and other groups of
short-duration fast-rise pulses
found in computers and high-speed

High-performance dual-trace oscilloscope with distributed-electrode CRT fea-
tures a real-time response from dc out to 250 MHz. It can be used to analyze
the short-duration fast-rise pulses of high-speed digital systems.

U118

digital systems.

It is also useful for displaying
single short pulses that occur at
low repetition rates, like those
generated by laser beam detectors.
In addition, the new 250-MHz oscil-
loscope can analyze communications
systems performance, and makes
possible pre-detection display of
modulation envelopes on rf carriers.

The 183A is a compact, all-solid-
state, plug-in instrument that can
be operated like any well-behaved
dual-trace oscilloscope—with either

INFORMATION RETRIEVAL NO. 412

of two input signals displayed
alternately on successive sweeps or
at the same time in a chopped
(time-shared) mode. It can also
present the sum or difference of
two input signals.

Calibrated deflection factors are
switch selected from a sensitivity
of 10 mV per division of 1 V per
division. The sweep circuits trigger
reliably on internally picked-off
250-MHz signals that produce 1-cm
deflections, or on 250-MHz external
signals with amplitudes as low as
20 mV pk-pk. Signal delay in the
vertical channel allows viewing the
leading edge of the signal that trig-
gers the sweep.

The new 183A oscilloscope
achieves its 250-MHz performance
with a new cathode-ray tube that
has distributed deflection electrodes
to obtain high-frequency perform-
ance while preserving deflection
sengitivity. Each deflection elec-
trode is a metallic ribbon, wound
in a helix and slightly flattened to
improve the electrostatic field de-
flection between the two electrodes.
This new CRT is actually capable
of performance beyond 500 MHz.

The high-frequency performance
of the new oscilloscope is obtained
without restricting its usefulness
for general-purpose applications.
The mainframe works with all
plug-ins designed for Hewlett-
Packard’s series 180 oscilloscopes.
These include a four-channel 50-
MHz amplifier, a delaying-sweep
time base, and a 12.4-GHz sampling
and time-domain reflectometer
plug-in.

With its 1840A time base, the
183 A triggers at repetition rates
from de to 250 MHz. A variable
hold-off control allows stable dis-
play of pulse groups by permitting
repeated triggering on a particular
pulse in the group. Sweep times are
selectable from 10 ns/ecm to 0.1
s/cm.

Further contributing to precision
measurements, the mainframe’s
calibrating waveform has risetime
specified, as well as amplitude and
frequency. The waveform is a pulse
train with 109 duty cycle and 0.8-
ns risetime. Its amplitude can be
either —50 mV or —500 mV ; repe-
tition rate is 2 kHz or 1 MHz.
Booth No. 1040 Circle No. 412
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EECO just shot switch prices full of holes..:

with the NEW revolutionary 1776 series miniature thumbwheel switch

The first thing we did away with was the PC boards. We completely eliminated them.

Imagine what that did to the price. Now you can purchase high quality EECoSWITCH®

thumbwheel switches for only $3.00 in 1 to 9 quantities. How’s that for representation without tax lon?
We've also developed a simplified technique for fast, low-cost assembly of multiple switch stations for
this revolutionary new product. The 1776 is the all-American answer to your switch requirements.

Join the revolution! Write today for your campaign button and data sheet on the Series of 1776.

*
* ELECTRONIC PRODUCTS DIVISION | ELECTRONIC ENGINEERING COMPANY OF CALIFORNIA
* 1441 Fast Chestnut Avenue | Santa Ana, California 92702 (714) 547-5651

See EECO’s Series of 1776 at WESCON Booth numbers 3814 thru 3817.




INSTRUMENTATION
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Digital $345 multimeter
ends loading problems

Digilin Inc., div. of Cura-Contain-
ers, 6533 San Fernando Rd., Glen-
dale, Calif. Phone: (213) 246-8161.
P&A: $340; 30 days.

Able to virtually eliminate cir-
cuit loading at all times, a new
digital multimeter sells for only
$345 in quantities of one to four,
with price dropping to $299 in
quantities of five to nine. Port-
able and compact, model 340 is a
3-1/2-digit completely self-contain-
ed instrument, free of all plug-ins.

Using a new patent-pending a/d
conversion method called an input-
amplifier technique, the 340 multi-
meter keeps its high input imped-
ance constant so that the circuit
being measured is not disturbed at
all. In many other a/d techniques,
such as dual-slope integration, in-
put impedance drops after the
measuring cycle. This can interject
transient noise into the circuit be-
ing measured,

The readout display consists of
three Nixie-type plug-in tubes, with
memory capacity for a non-blink-
ing display, and a neon “1” indi-
cator. Decimal points are auto-

U120

matically programed by a range
key; a minus sign lights to indi-
cate negative signals.

To eliminate drift and assure in-
stant stability, the new multimeter
incorporates an automatic zero ad-
justment. The unit can operate di-
rectly from any ac line since it has
a self-contained power supply.

The 340 can measure full-scale ac
and dec voltages from 1 to 1000 V,
full-scale ac and de currents from
100 wA to 1 A, and full-scale re-
sistances from 1 kQ to 10 M. It
offers 1009% overranging on all
ranges and an overvoltage protec-
tion of 100 times the range setting.

Its maximum sensitivity is 1 mV
for voltage, 100 nA for current, and
1 Q for resistance. Full-scale accu-
racies are +0.1%, =1 digit, for
dc voltage; *£0.29%, =1 digit, for
ac voltage; and 0.2 to £1%, =1
digit, for resistance.

This 3-1b instrument has a meas-
urement cycle of approximately five
times per second. Its response time
is 20 ms. Dimensions are 6 by 9
by 5-1/2 in., including the integral
handle.

Booth No. 101} Circle No. 406

Dual-beam oscilloscope
displays scale factors

Tektronix Inc., P.O. Box 500,
Beaverton, Ore. Phone: (503)
644-0161, P&A: $1850; fourth
quarter, 1969.

Using fiber optics to digitally
indicate current or voltage deflec-
tion factors plus the time set on
its deflection controls, a new dual-
beam oscilloscope is a high-gain,
differential, low-frequency instru-
ment. Type R5030 also offers
color-coded sections of controls to
outline functions and a CRT view-
ing area that is increased by 50%
over conventional 8 by 10 ¢m units.
Booth No. 2101 Circle No. 297

Digital panel meter
has 0.1% accuracy

API Instruments Co., 11655 Chilli-
cothe, Chesterland, Ohio. Phone:
(216) 729-7377.

A new digital panel meter, with
four digits for a display to 1999,
has an accuracy of 0.1%, a reso-
lution of 1 part in 4000, and a con-
tinuous BCD output that is DTL
TTL compatible. Other standard
features include automatic polari-
ty, display hold, print command,
polarity and overrange outputs,
and selectable decimal points.
Model 4304 offers a seven-bar seg-
mented display.

Booth No. 140/ Circle No. 352
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Gold, silver, stainless steel and uncompromising
design produce the Shallcross Series1Rotary.

We begin our Shallcross Series 1 rotary
switches with the best materials. Mate-
rials that promise superior performance
and long service.

Like stainless steel in non-current carry-
ing parts. Coin silver contacts and ter-
minals. Gold plating available on all
current-carrying parts.

We deploy these materials in an uncom-
promising design. Enclosed diallyl
phthalate construction keeps out air-
borne contaminants. Contact resistance
is 2.5 milliohms max. initially and re-
mains unusually stable. Our double-
wipe-to-air action takes care of that.

Solid detent feel is provided by a set of
stainless steel balls riding a hill-and-
valley stainless plate. Special lubricants
are used on all friction points.

Ingredients for greatness.

D

Conform to MIL-S-3786/SR 28A
Shallcross one-inch Series switches are
built to MIL-S-3786/SR 28A. Tempera-
ture range —65° to +125° C. Our new
ratings are: 2 amperes (115 vac or 28
vdc) —5000 cycles; 1 ampere (115 vac
or 28 vdc)—25,000 cycles.

End-of-life contact resistance typically
5 to 10 milliohms. 30° indexing, up to
12 positions per pole available.

Fast local service

EvalUate our Series 1 for military appli-
cations and your most demanding in-
dustrial and commercial needs. We're
ready to supply prototypes to your
specs on short notice. And deliver pro-
duction quantities to your schedules.
Contact your local Cutler-Hammer
Stocking Switch Distributor.

Cutler-Hammer s extensive line of Shallcross quality
rotary switches includes 1%" and 2/2" deck models as
well as round and oval ceramics to fit your most

demanding requirements.

sﬁa//cmss E

A CUTLER-HAMMER COMPANY Selma, N.C. 27576

Aore than just switches:

prompt availability,
field help, innovaﬁorl',
quality assurance too.

Switch
toNo.1
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to deliver wide
range constant voltage
constant current
performance for
every lab and system
application.

@ All silicon design—-
precision performance

@ Wide voltage ranges—
currents to 100 amps

@ Positive convection
cooling—no derating

@ Overvoltage and ultra-
high stability options

@ Automatic load share
paralleling

@ Priced from $575.

‘Super-Mercury from TRYGON . . . the
competitively-priced series of fully pro-
grammable wide-range power supplies,
power and value packed.

Super-Mercury: Designed for bench or
rack installation with slide provisions at
no extra cost . . . in ranges up to 160 volts
and up to 100 amps. Regulation of 0.005%
and 0.015% stability are standard (0.005%
stability optional) as is MIL Spec, RFI-free
performance. Total ripple and noise: less
than 1 mV RMS; Master-slave tracking,
auto-load share paralleling and remote
sensing and programming also standard.
Write for the full TRYGON power story

TRYGON DOES HAVE THE POWERI

] TRYGON POWER SUPPLIES

111 Pleasant Avenue, Roosevelt, L.I., N.Y. 11575
Trygon GmbH 8 Munchen 60, Haidelweg 20, Germany
Write for Trygon 1968 Power Supply Handbook.
Prices slightly higher in Europe.
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INFORMATION RETRIEVAL NO. 407

Printing digital voltmeter
occupies only 8-in. width

Presin Co., Inc., Trap Falls Rd.,
Shelton, Conn. Phone: (203) 929-
1495. P&A: $500, $550 with index;
4 wks.

Designed for either half-rack or
base mounting, a new printing volt-
meter incorporates a 3-1/2-digit
readout within a front-panel space
measuring only 3-1/2-in. high by
8 in. wide. The PDM 611 operates
from any line voltage; all its pow-
er supplies are built in. Measured
values are displayed on illuminated
numeric readout tubes.

Ranging is indicated automati-
cally on the digital display by a
decimal point, and by a fixed deci-
mal point in the printer. Overrang-
ing to 100% 1is shown by a “1” in
both the tube and printed read-
ings.

This new digital printing volt-
meter has an accuracy of 0.1%, *+1
digit, and a normal-mode rejection
ratio of 20 dB at 60 Hz. It also
offers overload protection and an
operating temperature range of 0
to H0°C.

The PDM 611 is a fixed-range
device available for full-scale volt-
ages from 1.999 mV to 199.9 V and
full-scale currents from 1.999 pA
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..
to 199.9 mA.

Printing can be in one of two
modes, either manual or automatic.
In the manual mode, a pushbutton
is used to trigger a drive pulse to
the print solenoid. In the automatic
mode, printing occurs at the com-
pletion of each encode. Automatic
printing speeds can be as high as
three lines per second.

As printing proceeds, a two-
digit index advances and prints on
each line. This serves to help
identification.

These two index columns, with a
separate type font for the data,
can be changed by pushbutton puls-
ing into both the tens and units
registers. The index can be reset by
a single command pulse.

The recorded voltage reading is
visible immediately after printing,
and does not have to be extracted
to be read. Fanfold paper, 2-1/4-
in. wide, is used in the printer.

Optionally, the paper can be
taken up in a box attached to the
front panel. Printing is by means
of a throw-away inked platen that
is adequate for 40,000 lines of
print.

Booth No. 11,1 Circle No. 407
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We call it INCONECT®. Our new Molex
modular system that provides five ways
of interconnecting electrical-electronic
printed circuit assemblies: Two ways to
connect circuit boards to chassis, three
ways to interconnect printed circuit boards.
It’s a giant step forward in helping speed
production and assembly techniques in the
area of printed circuits. Unique flexibility
enables you to tailor connector compo-
nents to your specific product needs.
Easily. Simplifies assembly, testing, servic-
ing and model change requirements. It’s
another example of the Molex creative approach
to circuitry problems. One that demonstrates
just how reliable and economical

printed circuit connections r\

can really be. But see for molex

yourself. Write for details.
Or you can make connec-
tions by calling
(312) 969-4550.

MOLEX PRODUCTS COMPANY
i Downers Grove, lIl. 60615
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Plug-in oscilloscopes
show scale factors

THE
MATING
REASON

Tektroniz, Inc., P. O. Box 500,
Beaverton, Ore. Phone: (503) 644-
0161. P&A: $250 to $2500; fourth
quarter, 1969.

Forming a full measurement sys-
tem, series 7000 plug-in oscillo-
scopes consist of two mainframes
and 13 plug-in units. The new in-
struments feature a CRT that dis-
plays deflection factors, polarity,
and any uncalibrated condition for
all channels, corrected for probe
attenuators and magnifiers. The
plug-ins include six amplifiers, four
time-base units, and three sampling
units.

Booth No. 2101 Circle No. 388

Digital bridge
tests impedance

'.‘..‘...h.
-

General Radio Co., 300 Baker Ave.,
West Concord, Mass. Phone: (617)
369-4400.

Model 1683 is a general-purpose,
low-frequency, automatic series-
impedance bridge with digital
readout that measures capacitors,
inductors, and resistors with loss
expressed as equivalent series re-
sistance or dissipation factor. Pro-
visions for five-terminal connec-
tions to the unknown component
ensure accurate measurements by
minimizing errors due to lead im-
pedances and stray capacitances.

Visit us at WESCON Booth 3706 Cow Palace Booth No. 1726  Circle No. 359
INFORMATION RETRIEVAL NUMBER 63
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Transistor analyzer
reads noise directly

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone: (415)
326-7000. Price: $4450.

A new transistor noise analyzer
directly measures all three bipolar
transistor noise characteristics:
noise figure, noise current, and
noise voltage. Model 4470A has a
noise-figure measurement range
or both bipolars and FETs from
0 to 40 dB, with source resistance
selectable from 10 Q to 10 MQ.
Noise voltage is measured with
essentially short-circuit transistor
input impedances; bipolar noise
current is measured with practi-
cally infinite input impedances.
Booth No. 1040 Circle No. 295

Inexpensive DVMs
reject 80-dB noise

2401
Calif.
Price:

Dana Laboratories, Inc.,
Campus Drive, Irvine,
Phone: (714) 833-1234.
$2000.

Series 4500 economy digital volt-
meters offer 0.01% long-term ac-
curacy, 80-dB normal-mode noiSe
rejection, and full multimeter
capability including dec/de ratio
measurements. Using dual-slope in-
tegration, the new instruments
provide a full four-digit readout,
with a fifth digit for 20% over-
ranging. Other  features include
pushbutton operation, and auto-
ranging and autopolarity in all
functions except ratio.

Booth No. 2008 Circle No. 3854

ELEcTRONIC DESIGN 17, August 16,
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Digital phase meter
resolves to 0.1°

] )

@ mm mm mm g
R ST A T I = A Y.
Wavetek, P.O. Box 651, San Diego,
Calif. Phone: (714) 279-2200.
P&A: $1500; 30 days.

OQ"

Using a closed loop design to in-
sure stable long-term phase meas-
urements in varying temperature
environments, a new digital phase
meter gives 0.1° resolution with a
plus or minus sign indicating the
lead/lag relation. Model 750 has
two ranges, —180 to +180° and
0 to 360°, to assure continuous
phase data without discontinuities
at 0 and +180°.

Booth No. 2027 Circle No. 349

Parametric supplies
ignore line changes

Jlis:

Wanlass Instruments, 1540 E. Ed-
inger Awve., Santa Ana, Calif.
Phone: (714) 547-5171. P&A : from

$375; stock.

Providing parametric dc¢ power,
series PDC supplies allow input
voltage to drop as low as 60 V ac
and go as high as 150 V ac without
affecting their de output; voltages
above and below this level merely
turn off the the units. In addition,
normal-mode noise rejection is 80
dB to 1 MHz. Response time is
25 us.

Booth No. 2119 Circle No. 357

Type

for RG Cable 174, 1794, 179B, 187, 187A
188 & 188A/U

KC-59-95 | BNC | Plug Silver

KC-59-152 | BNC lug |

KC-59-109 | BNC | Angle Plug |
= Jack

Jack

BNC | Bulkhead Jack
KC-19-93 | BNC | Bulkhead Jack
KA-59-6 TNC | Plug
KA-59-120| TNC Pluﬁ TR-
KA-59-70 | TNC | Angle Plug Silver
KA-39-27 | TNC | Jack Silver
KA-19-42 | TNC | Bulkhead Jack Silver
KA-19-60 | TNC | Bulkhead Jack | TR-5

for RG Cable 122, 180, 180A, 195 & 195A/U

KC-59-107| BNC | Plug Silver
KC-59-169| BNC P|u§ TR-5
KC-59-108 | BNC Ang e Plug Silver
KC-59-171| BNC %‘le Plug TR-5
KC-39-36 | BNC | Jac Silver
KC-39-52 | BNC | Jac TR-5
KC-19-67 | BNC Bulkhead Jack | Silver
KC-19-96 | BNC | Bulkhead Jack | TR-5
KA-59-58 | TNC | Plug Silver
KA-59-142| TNC Plu% TR-5
KA-59-74 TNC Ang e Plug i

KA-19- 41 Bulkhead Jack
for RG Cable 58, 58A, 58C & 141/U

Silver

KC-59-78 | BNC | Plug Silver
KC-59-123| BNC PIu7 TR-5
KC-59-101 | BNC e Plug Silver
KC-59-153 | BNC Ang|e Plug TR-5
KC-39-26 Jack

39-

- Jack R-5
KC-19-61 | BNC | Bulkhead Jack | Silver
KC-19-83 | BNC | Bulkhead Jack R-5
KA-59-44 | TNC | Plug
KA-59-103| TNC | Plug
KA-59-71 | TNC | Angle Plug
KA-59-151| TNC | Angle Plug
KA-39-17 | TNC | Jack

Jack

Bulkhead Jack
KA-19-68 | TNC Bulkhead Jack TR-5 o
for RG Cable 223, 55A, 142 & 142A/U W
KC-59-80 | BNC | Plug Silver |
KC-59-162| BNC | Plug TR-5 H‘ﬁft
KC-59-103 | BNC | Angle Plug Silver |
KC-39-27 | BNC | Jack Silver [
KC-39-51 | BNC | Jack TR-5 £
KC-19-64 | BNC [ Bulkhead Jack Silver
KC-19-140 | BNC | Bulkhead Jack | TR-5
KA-59-45 | TNC | Plug Silver
KA-59-87 | TNC PIu% TR-5 | }
KA-59-72 | TNC | Angle Plug Silver ¥4
KA-39-18 | TNC | Jack Silver |
KA-39-35 | TNC | Jack TR-5 o
KA-19-40 | TNC | Bulkhead Jack | Silver A
KA-19-65 | TNC [ Bulkhead Jack TR-5 3

% Also available moisture-proofod
to meet Mil Spec. M 39012,

=KINGS

ELECTRONICS CO., INC.
40 Marbledale Road
Tuckahoe, N. Y. 10707 :
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Meet the “Mite”.
Only .218" diameter. The toughest
ceramic disc trimmer capacitor its size.

New from E. F. Johnson. And it’s this small:

Designed for printed circuit applications where space is at a
premium. Stator of High Alumina for greater shock and
vibration resistance. The rotor plate is encapsulated in ceramic
for environmental stability and long life. The Q factor at 1 MHz
is 500 minimum. Precision lapped bearing surfaces give you
smooth linear tuning. Pick from a wide capacitance range:
1.0-3.0 pF, 2.5-9.0 pF, 3.5-20.0 pF, 5.0-25.0 pF. Designed

to meet or exceed applicable requirements of MIL-C-81A.

Return the coupon today for information on Johnson's

new Micro-J" And if you have a special capacitor need,
we’'d like to work with you. The same engineering that made
our air variable capacitors the standard of excellence goes
into every new Johnson product.

E. F. JOHNSON COMPANY/3308 Tenth Ave. S.W./Waseca, Minnesota 56093

[0 Send product specification information on new Micro-J capacitor.
[J Include information about your full capacitor line and other Johnson components.

NAME TITLE
FIRM ADDRESS
City STATE ZIP
I P

~

E F.JOHENSON COMPANY

INFORMATION RETRIEVAL NUMBER 65
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Time-interval counter
averages 1000 times

Florado FElectroniecs, 601 Chalomar
Rd., Concord, Calif. Phone: (415)
686-4200. Price: from $1750.

Able to measure 10-ns pulse rise-
times, a new single-event time-in-
terval counter is capable of aver-
aging 1000 times. Model 784 has
an eight-digit stored display. It
can measure time interval, pulse
width, risetime and period through
an input signal conditioning dis-
criminator on both channels. Op-
tions are available for greater sta-
bility and BCD

Booth No. 1722 Circle No. 298

Lab-test protector
covers 5 to 50 V

Transtector Systems, M & T Chem-
icals Ine., sub. of American Can
Co., 3025 W. Mission Rd., Alham-
bra, Calif. Phone: (213) 283-9278.

Incorporating 23 voltage protec-
tion levels from 5 to 50 V dc, a
new lab-test protector guards lab-
breadboards, production
components under test, and sub-
during checkout against
damaging voltages. If a voltage
above the protection level is ap-
plied, the unit clamps the line to
1 V de in approximately 500 ns.

Booth No. 4712 Circle No. 365

oratory

systems
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F.M. Signal Generator TF 2006 is another “first” in the
field of wide-range solid-state signal generators.
Based on separate high Q resonant-line transistor
oscillators, this instrument provides wide deviation
f.m. on highly stable carriers up to 1 GHz. Rigid
mechanical construction ensures that the precision
oscillators have very low drift and microphony. Auto-
matic levelling maintains constant r.f. output over the
entire carrier frequency range, which extends down to
4 MHz, and accurate step attenuators offer a dynamic
range of 120 db. Electrical fine tuning and f.m. may be
simultaneously applied by the drive circuitry. As a
result of their electrical relationship within the instru-
ment f.m. as well as the fine tuning may be adjusted to
a higher accuracy against the comprehensive crystal
calibrator. This oven-controlled calibrator indicates
carrier frequencies by meter nulls at 10, 1 or 0.1 MHz
intervals and therefore provides almost 10,000 check
points of the carrier frequency.

MARCONI

°
M| INSTRUMENTS

DIVISION OF ENGLISH ELECTRIC CORPORATION

111 CEDAR LANE [] ENGLEWOOD., NEW JERSEY 07631
TELEPHONE: (201) 567-0607

B Wide Range:
4-1000 MHz

W Stability:
Better than
15 PPM/15 minutes

® Non-Microphonic

H No Range Change
Drift

B Fully Solid State
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Comparison of Synthesized and Direct
Frequency Signal Generator U.H.F. Spectra.

AVAILABLE UPON REQUEST...
Detailed specification brochure including oper-
ating principles, mechanical, electrical and
environmental specifications.

SEE US AT WESCON BOOTH #1824-25-26
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C-COR

-10 Hz — 200 MHz
Output +13 dBm

ONLY $395

COMPACT,VERSATILE,
NEW LABORATORY
AMPLIFIER
MODEL 4376 WITH
ADVANCED CIRCUITRY

Features Facts
High Input
Impendance 1 M Q 10 pf

10 Hz — 200 MHz
20/40 dB Selectable
60 uV rms

Wide Bandpass
High Gain
Low Input Noise

Wide Dynamic Range

Input Protection Circuitry
Extends Range of Oscilloscopes
and RF Voltmeters

Package Includes Power Supply

C-COR

ELECTRONICS, INC.
60 Decibel Road

State College, Pennsylvania 16801
(814) 238-2461

OR SEE EEM CATALOG
FOR NEAREST REPRESENTATIVE

INFORMATION RETRIEVAL NUMBER 67
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Half-rack multimeter
is 0.0025% accurate

Data Technology Corp., 1050 E.
Meadow Cirele, Palo Alto, Calif.
Phone: (415) 321-0551. P&A:
$2400; 60 days.

Claimed to be the most accurate
five-digit voltmeter/multimeter in
the industry today, a new digital
instrument features a de accuracy
of 0.0025% in a half-rack-size pack-
age only 3-1/2 in. high. Model 370
is also capable of measuring ac
volts to 100 kHz, ohms to a reso-
lution of 1 mQ, and ratios to
0.99999:1.

Booth No. 1827 Circle No. 346

Digital instrument
divides and generates

Anadex Instruments Inc., 7833
Haskell Awve., Van Nuys, Calif.
Phone: (213) 782-9527. P&A:
$645; 4 wks.

With a crystal-controlled 1-MHz
oscillator, a new instrument will
generate periods from 10 us to 100
s and perform frequency division
from 1 to 9,999,900. Model CF-611R
frequency divider and period gener-
ator features plug-in TTL inte-
grated circuits in a space saving
1-3/4-in.-high chassis. Maximum
input frequency in the divider
mode is 1 MHz.

Booth No. 1904 Circle No. 351

Dual-function instrument
measures and calibrates

Wavetek, P.O. Box 651, San Diego,

Calif. Phone: (714)
P&A: $2395; 45 days.

279-2200.

Without resorting to plug-in ac-
cessories, a new multi-function in-
strument provides six precision
measurement functions and two ac-
curate calibration capabilities in a
single compact package. Model 220
Dialamatic multimeter/calibrator
measures dec voltage, de ratio, ac
voltage, ohms, ohms ratio, and fre-
quency. Its digital/analog readout
has a six-digit resolution.

Booth No. 2027 Circle No. 348

Low-ohm DMM
ignores noise

Dana Laboratories, Inc., 2401

Campus Drive, Irvine, Calif.
Phone: (714) 833-1234. Price:
$3000.

Able to measure resistances as

low as 1 mQ, a new four-digit
multimeter can make measurements
of high-speed rms ac voltages in
the presence of distortion. Model
5400/035, which has a fifth-digit
for 109% overranging, can also
measure de volts, millivolts and de/
de ratios. Normal-mode noise re-
jection is 80 dB; common-mode
noise rejection is 120 dB at 60 Hz.
Booth No. 2008 Circle No. 355

SEE CORNELL-DUBILIER BOOTH 4403-04 AT WESCON b
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You’ll never get a bum wrap.

Not with a CDE wrapped tubular.
For Cornell Dubilier has set the indus-
try standard in wrap-and-fill capacitors.
And we offer the most comprehensive
stock in depth. Over 500 items, round
and oval, covering capacities from .001
to 5 mfd, voltages from 50 to 600V DCW,
and tolerances from 1% through 20%.

\ In polyester, polycarbonate, or polystyrene, in foil/
- film or metalized dielectrics—to meet every
Z} s, industrial or military need. And all are
<) Sprint stock standards. SPRINT is the
CDE program that assures you
. quick delivery of standardized
& ~_components covering 98% of
industry requirements.

% CORNELL-
wtwa DUBILIER

50 Paris Street, Newark, New Jersey 07101

N




STOCK STANDARDS—WRAPPED TUBULAR CAPACITORS

TYPE WCR. General purpose, round,
polycarbonate capacitor

Voltage—50 to 600V DCW

Capacitance—.001 to 2.0 mfd

Tolerance—=5%, 10%

Temperature— —55°C to +125°C without derating
+1%,2%,5%,20% available on
special order over 50V

TYPE WPR. General purpose, round,
polystyrene capacitor

Voltage—100 to 600V DCW

Capacitance—.001 to 1.0 mfd

Tolerance—=1%, 2%, 5%, 10%, 20%

Temperature— —55°C to +85°C

TYPE MCR. General purpose, round,
metallized polycarbonate capacitor
Voltage—50 to 600V DCW

Capacitance—.01 to 5.0 mfd

Tolerance—=+10%, 20%

Temperature— —55°C to +125°C

+5%, 10% tolerances available on
special order over 50V

TYPE MMW. General purpose, round,
metallized, polyester miniature capacitor
Voltage—50 to 600V DCW

Capacitance—.01 to 5.0 mfd

Tolerance—=1%, 2%, 5%, 10%, 20%

Temperature— —55°C to +85°C without derating;
+125°C with derating

+1%,2%,5 % tolerances available on
special order over 50V

TYPE WMF. General purpose, round,
polyester miniature capacitor
Voltage—50 to 600V DCW
Capacitance—.001 to 5.0 mfd
Tolerance—=+1%, 2%, 5%, 10%, 20%
Temperature—55°C without derating;

+125°C with derating
+1%,2%, 5 % tolerances available on
special order over 50V.

TYPE WCP. General purpose, oval
polycarbonate capacitor

Voltage—50 to 600V DCW

Capacitance—.01 to 2.0 mfd

Tolerance—=+10%

Temperature— —55°C to +125°C without derating
+5 % available on special order

TYPE MFP. General purpose, oval,
polyester miniature capacitor
Voltage—50 to 600V DCW

Capacitance—.01 to 5.0 mfd

Tolerance—=+10%, 20%

Temperature— —55°C to +85°C without derating;
+125°C with derating

+5 % tolerance available on special order

TYPE MCP. General purpose, oval
metallized polycarbonate capacitor
Voltage—50 to 600V DCW

Capacitance—.1 to 5.0 mfd

Tolerance—=+10%, 20%

Temperature— —55°C to +125°C without derating
+5%,10% available on

special order over 50V

TYPE MMP. General purpose, flat

metallized, polyester miniature capacitor
Voltage—50 to 600V DC

Capacitance—.1 to 5.0 mfd

Tolerance—=+1%, 2%, 5%, 10%, 20%

Temperature— —55°C to 85°C without derating;
+125°C with derating

TYPE CTM. Mmilitary round,

polyester per MIL-C-27287

Voltage—50 to 100V DCW, 200V DC to 300V DC at 125°C
Capacitance—.0033 to 1.0 mfd, .001 to .15 mfd
Tolerance—=+=5%, 10%

Temperature— —55°C to +125°C

Entries in red available on special order only. All other items stocked in depth at your

CDE authorized distributor.

For complete descriptions, see your component selector.

CORNELL:
COE i

50 Paris Street, Newark, New Jersey 07101



Pulse generator
reps to 100 MHz

. R

F
Systron-Donner Corp., Datapulse
Div., 10150 W. Jefferson Blvd,
Culver City, Calif. Phone: (213)
836-6100. P&A : $10,000 to $15,000,
90 days.

Model 140 fully programmable
pulse generating system provides
repetition rates to 100 MHz, pulse
widths to 5 ns, and independently
variable risetimes and falltimes
from 2 ns. Accuracies are typically
+29 of programed values; the
upper and lower levels of the out-
put waveform may be any values
between +10 and —10 V.

Booth No. 1412 Circle No. 293

Lab power source

Power Designs Inec., 1700 Shames
Drive, Westbury, N.Y. Phone:
(516) 333-6200.

Combining precision calibrator
and laboratory power source func-
tions in a single compact unit,
model 2005A power supply pro-
vides an output range of 0 to 20 V
de at 0 to 500 mA with a calibra-
tion accuracy of 0.1%. Front-panel,
dual, concentric decade switches
and a vernier potentiometer with
10-uV  resolution allow a digital
readout to five places with a con-
tinuously adjustable fifth place.
Booth No. 1020 Circle No. 360

<4 INFORMATION RETRIEVAL NUMBER 221

MODULAR TYPE IC
PACKAGING PANEL

For High Density

Simplifies design and production operations. Saves
time and space. Direct mounting chassis elimin-
ates need of logic cards — increases flexibility in
prototyping, production and field service. A unique
two dimensional approach to IC packaging with
these outstanding features:

Multiple of 30 pattern sections, up to 180 patterns.

Two pins of each pattern tied directly to power and ground
planes.

Provisions for input-output plugs and adaptor plugs for
discrete components.

Excellent contact retention of flat lead dual-in-line
(.022 max.) with machined closed entry design.

Choice of Wire-Wrap® or solder pocket terminations.

Three levels of connection on Wire-Wrap pins.

@Trademark Gardner-Denver Co.

Request Complete I. C. Folder

AU AI TEL: 617/222-2202
INC. 31 PERRY AVE., ATTLEBORO, MASS. 02703

WESCON Booth 2721-22

INFORMATION RETRIEVAL NUMBER 68
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Logarithmic amplifier
has 90-dB power range

T

Telonic Instruments, Inc., 60 N.
First Awve., Beech Grove, Ind.
Phone: (317) 787-3231.

Accepting any rf input from 400
kHz to 130 MHz over a power
range of -70 to +20 dBm, a new
logarithmic amplifier provides a
linear detected output for oscillo-
scope, voltmeter, or graphic re-
corder presentation. Model 6001
is a solid-state instrument with an
output that is accurate to =3 dB.
It can make both steady-state and
swept-frequency measurements.

Solid-state instrument

analyzes servo systems |

Serbo Corp. of America, 111 New
South Rd., Hicksville, N.Y. Phone:
(516) 938-9700.

Featuring all-solid-state design,
a new servo system analyzer com-
bines a function generator, phase
shifter, internal modulator and a
precision attenuator in one com-
pact instrument. Model 1999 can
be used for analysis and test of
servo-mechanisms and complex con-
trol systems by observing phase
and amplitude response with re-
spect to various frequencies and
wave shapes.

Small IC counter
goes out to 15 MHz

J i i dARRERRAA
, SoidaE

Measure ments Company

Frequency Meler

wouet oo KIS *

®

Computer Measurements div. of
Newell Co. Industries, 12970 Brad-
ley Awe., San Fernando, Calif.
Phone: (213) 3867-2161. Price:
$395.

Selling for as much as 35% less
than comparable competitive in-
struments, a new compact 15-MHz
IC counter incorporates a 1-MHz
crystal oscillator and provides a
five-digit readout. Model 905 comes
in a small package, measuring only
3-1/2 by 5 by 7 in., that features
a tip-up stand for easy visibility
in bench work.

Booth No. 1724 Circle No. 292 Booth No. 2206 Circle No. 358 Booth No. 1006

now available ...STOCK

BARS

Designed for prototypes,
small quantities and
immediate delivery.

Circle No. 347

Write for price list and
technical data . . .

ELIREY)

COMPONENTS.'INC.

1239 UNIVERSITY AVENUE
ROCHESTER, NEW YORK 14607

See us at booths
5221 & 5222

INFORMATION RETRIEVAL NUMBER 69

3< WESCON/69

ELECTRONIC DESIGN 17, August 16, 1969



PACKAGE WITH DIMENSION
ELECTRICAL CONNECTION

BIAS VOLTAGE
+ 910 + 15V,

SWITCH VOLTAGE + 24 VOLT
80 KHz BANDWIDTH
0 VOLTS 45 KH: BANDWIDTH

o

desion

eeoom

yours with the new switchable dual bandwidih
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SPECIFICATION

filter (A)

1 db Bandwidth 35 KHz Min.

6 db Bandwidth 45 KHz Min.

60 db Bandwidth 90 KHz Max.

Ultimate Attenuation 80 db

Impedance 50  in & out

Ripple 1 db Max.

= = | I L 1
30 MHz 3'0.032 MHz

CENTER FREQUENCY 30 MHz

filter (B)

1 db Bandwidth 64 KHz Min.

6 db Bandwidth 80 KHz Min.

60 db Bandwidth 160 KHz Max.

Ultimate Attenuation 80 db

Impedance 50 © in & out

Ripple 1 db Max.

LL < 4db LL S 4db
ENVIRONMENTAL: Tol.
TR —55°C to 105°C Center Frequency +.005%
Vibration—Mil. Std. 202 Method 204 A Test Cond. D
Shock—Mil. Std. 202 Method 205 C Test Cond. C
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crystal fiters

For multi-mode communication systems, M€Coy has
added another technological achievement in expanding
applications for crystal filters. The switchable filter is
custom-made to your specifications, economically,

and in a small package.

At M€Coy Electronics, the integration of crystal and

filter engineering technology is your assurance of the finest
crystal filter performance available today. And we’ll

be ready for tomorrow with the next dimension

in crystal filters to suit your future needs.

Put our experience to work for you!

MCCOY ELECTRONICS COMPANY
4 MT. HOLLY SPRINGS, PENNSYLVANIA 17065

Tel. 717—486-3411 TWX: 510-650-3548

a subsidiary of OAK ELECTRO/NETICS corRpP
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New Goncept
Regulator
'

COmDAre! [uo gt it
MODELS TYPES
Small Size Yes No
Light Weight Yes No
Wide Freq. Range Yes No
Tight Regulation Yes No
Fast Transient Response Yes No
Silent Operation Yes No
Fully Repairable Yes No
Stable with Temperature Yes No
High Efficiency Yes No
Wide Temp. Range Yes No
High Surge Rating Yes No
Minimum RFI Yes No
Series Operation Yes No
Remote Sensing Yes No
Sinusoidal Output Yes Special Order

SPECIFICATIONS
Input: 105-130 VAC, 47-440cps
Output: 115 VAC nom (See table for power rating)
Line Regulation: Within =0.1% for full input
change.
Load Regulation: Within 0.2% for full load change
Frequency Regulation: Less than 0.002% per cycle
Wave Form Distortion: Less than 5%
Load Power Factor Range: 0.7 PF through
—0.7 PF
Response Time: Less than 16 millisec
Operating Temperature: —20°C to +71° free air

STANDARD MODELS

Power

Rating Size (Inches) | Weight | Model | Price*
250 VA 6%6X7Vax478 | 13 Ibs. | RT250 | $130
500 VA 67/8x8%8x7%2 | 16 Ibs. | RT500 | $175
1000 VA 71%6X9'%6x7%8 | 22 Ibs. | RT1000 | $235 |

*Liberal Discounts for Larger Quantities

Send for full technical data.

ELECTRONIC RESEARCH
ASSOCIATES,INC.

67 Sand Park Road, Cedar Grove, N. J. 07009
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D/ac converter
gives 104 ratios

Inc.,
Terminal Drive, Plainview, N.Y.

North Atlantic Industries,

Phone: (516) 681-8600. P&A:

$3000; 8 wks.

Using precision tapped trans-
formers for 0.01% long-term ac-
curacy, a new all-solid-state digital-
to-ac converter provides 10,000 dis-
crete input-output voltage ratios or
levels of digital-to-ac conversion.
Model 508/10 can be set, under
digital control, in 0.0001:1 ratio
increments, feeding out a precise
fraction of the 115-V 400-Hz ref-
erence excitation in response to
BCD input commands.

Booth No. 1127 Circle No. 363

Time-code generator
clocks and pulses

‘[‘ﬁil BT ‘-_!;
b —l v ‘Qﬂ

Eldorado FElectronics, 601 Chalo-
mar Rd., Concord, Calif. Phone:
(415) 686-4200. P&A; $1950; 30
days.

Displaying time in days, hours,
minutes and seconds, a new time-
code generator can supply up to
five serial codes simultaneously,
has standard parallel and pulse
rate outputs, and offers precision
synchronizing to an external stand-
ard. Model 1710 extensively uses
integrated circuits to achieve low
cost and high capability.

Booth No. 1722 Circle No. 294

Digital counter-timer
utilizes plug-in ICs

7833
Calif.

mer;
Van Nuys,
Phone: (213) 782-9527. Availabili-
ty: 3 to 4 wks.

Anadex Instruments
Haskell Ave.,

Featuring plug-in integrated
circuits, a new 1-3/4-in-high count-
er-timer is designed for frequency,
time-interval, ratio, period-averag-
ing, and totalized measurements in
both laboratory and system appli-
cations. Model CF-635R has a 1-
MHz crystal-controlled time base.
Its sensitivity is 10 or 100 mV;
count rate is 15 MHz.

Booth No. 1904 Circle No. 350

Spectrum analyzer
ends distortion

Singer Co., Instrumentation Div.,
915 Pembroke St., Bridgeport,
Conn. Phone: (203) 366-3201.
P&A: $6810; 30 to 60 days.

Intended for single-sideband,
a-m, fm, and multiplexed communi-
cations work, a new high-resolu-
tion spectrum analyzer has a fre-
quency range of 10 Hz to 40 MHz,
useable to 200 MHz, and a distor-
tion-free dynamic range of 70 dB.
Model SSB-50-1 provides a 10-Hz
resolution over its entire tuning
range. It also offers steep skirt
selectivity and freedom from inter-
nal hum.

Booth No. 2015 Circle No. 361
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Dual-pulse generator
separates outputs

International Contronics Inc., 1038
W. Evelyn Awve., Sunnyvale, Calif.
P&A: $395; stock.

Said to be an industry first, a
new logic pulse generator provides
independently variable simultane-
ous complementary 10-V outputs.
Called the Lochpulse CPG-300, the
new instrument also offers an in-
dependently variable *=2-V dc off-
set on each pulse. Other features
include a 100% duty cycle at 10
MHz, and precise and stable gat-
ing circuits.

Booth No. 5603 Circle No. 356

Double-pulse generator
delivers 2 A at 100 V

Chronetics, Inc., 500 Nuber Ave.,
Mount Vernon, N.Y. Phone: (914)
699-4400. P&A: $1750; 60 to 90
days.

jo ei (i

In a single- or double-pulse mode,
model PG13A pulse generator can
supply current pulses as large as
+2 A and voltage pulses to =100
V, at repetition rates to 25 MHz.
Continuously variable parameters
include pulse repetition frequency,
amplitude, risetime, falltime, delay,
pulse width and dc offset. Trigger-
ing sensitivity is variable to *2
V into 50 or 500 Q.

Booth No. 1419 Circle No. 402
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HOW MANY CHOICES ?

"BLUE CHIP” TRANSFORMERS offer 71 different
off-the-shelf versions that enable you to custom
select transformers for printed circuit applica-
tions. The combination of choices in size, fre-
quency, power and impedances available allows
you the utmost in design flexibility. = Parameter
choices available: Impedance: 4 ohms to 100,000
ohms, Frequency: 60 Hz to 100,000 Hz, Power:
30 MW to 7.5 W, Volume: .060 cubic
inches to 1.16 inches (6 sizes),
Weight: .09 oz. to 2.5 oz. = All
Blue Chip transformers
meet Mil-T-27B, Grade
5, Class S require-
ments.

ADC

ADC PRODUCTS

A DIVISION OF MAGNETIC CONTROLS CO

6405 CAMBRIDGE STREET = MINNEAPOLIS, MINN. 55426

INFORMATION RETRIEVAL NUMBER 72
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METALIZED
POLYESTER

CAPACITORS

ACTUAL SIZE

2.0-200V
TYPE M2W

M2w
SERIES
ANY SIZE, VALUE,

VOLTAGE AND
TOLERANCE

to your exact

specifications...
at stock prices

Unique, self-healing units that re-
main in circuit during voltage surges
with little or no loss of electrical
properties. Use the M2W's where
size and weight are limiting factors
and long life and dependability are
required. The units utilize metalized
Polyester Dielectric with film wrap and
custom formulated epoxy resin end
fill. Available in round and flat styles.

Samples available on
your letterhead request

Strandard o

CONDENSER CORPORATION

Dept. ED-9 1065 W. Addison St.,
Chicago, lll. 60613 « 312-327-5440
INFORMATION RETRIEVAL NUMBER 73
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Metered picoammeter
goes down to 0.3 pA

EG & G Laboratory Products Div.,
150 Aero Camino Way, Goleta,
Calif. Phone: (805) 967-0456.

Model 706A general-purpose
picoammeter with meter display
measures direct current from 0.3
pA to 10 mA full scale. The in-
strument features a built-in cur-
rent source that can be used as a
current suppressor, an internal
calibrator, or a calibration source
for an external instrument. Accur-
acy of the output multiplier is
0.05% of the multiplier setting.
Booth No. 1129 Circle No. 404

Time-code generator
is size of a phone

Systron-Donner Corp., 888 Galindo
St., Concord, Calif. Phone: (415)
682-6161. P&A: $950; stock.

About the size of a desk tele-
phone, a new time-code generator
provides a standard series code in
IRIG B code format in terms of
BCD hours, minutes and seconds.
Model 8220 is a precise digital
clock for use in indexing analog
magnetic tape during data acquisi-
tion or for transmission
standard telephone lines for remote
use and display. Time is initially
preset by means of thumbwheel
switches.

Booth No. 1412

over

Circle No. 398

Low-cost pulser
reps to 20 MHz

Chronetics, Inc., 500 Nuber Ave.,
Mount Vernon, N.Y. Phone: (914)
699-4400. P&A: $375; stock to 2
wks.

Operating from 10 Hz to 20 MHz
in a single- or double-pulse mode,
a new low-cost pulse generator
provides a delayed or double pulse
output to £15 V. Model PG-11 may
be triggered from dc¢ to 20 MHz
and can be synchronously or asyn-
chronously gated. Risetimes and
falltimes are 5 ns maximum at full
output amplitude.

Booth No. 1419 Cirele No. 401

Waveform generator

programs remotely

Armour

Data
St., San Diego, Calif. Phone: (714)
279-4020. P&A: $1545; 30 to 45
days.

Royal Corp., 801}

Covering the frequency range of
0.01 Hz to 1.1 MHz, model F280A
waveform generator can deliver up
to 11 V pk-pk into 50 Q in the
manual mode, or can be progra-
med to generate up to 16 V pk-pk
into a similar load (32 V pk-pk
into an open circuit). All manual
controls are programs-
mable; signal and programing
commons are isolated to reduce
system ground loop problems.
Booth No. 1113 Cirele No. 399

remotely

INFORMATION RETRIEVAL NUMBER 74 »



Honeywell’s 530 X-Y Recorder: true
differential input and proven relia-
bility . . . for under $1250.

Our 530 X-Y Recorder not only records low-level sig-
nals from any source, grounded or floating, it records
them so efficiently and so reliably, you can depend on
it, day in and day out.

And for good reason. This 530 X-Y Recorder has the
same kind of improved snap fit pen assembly_(with a
polished sapphire tip),carriage assembly and cable ar-
rangement that have made our model 550 and 560 Re-
corders the standard of the industry.

You'll be happy to know, too, that the Honeywell 530
X-Y Recorder is so simple to operate that even your non-
technical people can learn to use it. And yet, it delivers
high speed (30 in/sec. on X-axis, 20 in/sec. on Y-axis)
and common mode rejection up to 130 db; offers a
trouble-free vacuum holddown; and accepts either 82"
x 131 or 11”1 7% ipaper:

spntrwELt

See us at WESCON, Booths 1306-1309

High-performance
PenPals

Honeywell's 540 X-Y-Y’ Recorder: a
two-pen recorder with double capa-
bility for a price less than $2100.

Even though our 540 X-Y-Y' Recorder costs less, it
doesn’t give you any less. In fact, it's operating charac-
teristics are almost identical to our 530 Recorder, giving
you the exact same true differential input, the same
proven mechanical design features, the same unsur-
passed reliability. Plus it offers 30 ips. slewing speed on’
each axis and 1 megohm input impedance on all cali-
brated ranges, as well as when operating at variable
sensitivity. It also provides one millivolt sensitivity (each
axis), a stylish appearance, vacuum holddown, and will
accept either 8%" x 11” or 11" x 17" paper.

For more information on either of these new X-Y re-
corders, write or call (collect) Roy Washburn, 303-771-
4700, Honeywell Test Instruments Division, P.O. Box
5227, Denver, Colorado 80217.

Honeywell

Honeywell engineers sell solutions
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Solid-state signal generator

programs frequency and level

Kay Electric Co., 12 Maple Ave.,
Pine Brook, N.J. Phone: (201)
227-2000. P&A : $4950; 4 to 6 wks.

Offering superior phase-lock
characteristics, a new solid-state
L- and S-band signal generator fea-
tures programmability of its rf
output frequency and of 21 stand-
ard IRIG subcarrier frequencies as
well as rf output level. Model 1522
can also be operated remotely.

This new generator has peak fm
deviations as high as =3 MHz,
modulated on its self-contained cali-
brated deviation meter. The -cali-
brated rf output is adjustable from
0 to —120 dBm.

Packaged for action, the 1522
offers distinct operating controls
that are well defined for ease of
operation. Output connections are
rear mounted for 19-in. rack slides,
or may be positioned on the front
panel for the cabinet version.

Internal sub-chassis construction
is also designed with forethought.
Swing-out printed circuit cards
facilitate easy and speedy align-
ment, maintenance and trouble-

shooting.
The new signal generator per-
forms in L band from 1.4 to 1.5999

GHz and in S band from 2.2 to
2.2999 GHz. Settability of the rf
frequency is digitally controlled to
100 kHz.

After one-half hour warm-up, its
calibrated accuracy is =0.002%.
Drift plus incidental fm is less
than =2 kHz pk for one minute,
less than =5 kHz pk for 10 min-
utes, and less than =15 kHz pk
for one hour.

The rf output can be attenuated
from 0 to 119 dB in 1-dB steps,
and is continuously variable and
metered from 0 to 3 dB. Leveling
is 1.5 dB pk-pk across each band;
overall calibration accuracy is =1
dB.

All in-band spurious signals are
held more than 50 dB below the
calibrated output level. Harmonical-
ly related spurious signals are
greater than 20 dB below the cali-
brated output.

Frequency linearity is within 19
of a straight line for all devia-
tions up to =1 MHz at modulation
frequencies from dc¢ to at least
1 MHz. Frequency response is =1
dB from dc to 750 kHz, +=1.5 dB
to 1 MHz, and +2 and —3 dB to
2 MHz.

Booth No. 1613 Circle No. 408

Combining the reliability of solid-state construction with the desirability of !
remote operation, a new L- and S-band signal generator can be programed
for rf output frequency and level, as well as subcarrier frequency.

U136

Rf power meter
reads digitall_y

Pacific Measurements Inc., 940 In-

dustrial Awe., Palo Alto, Calif.
Phone: (415) 328-0300. Price:
$1850.

Shown at the bottom of a line
of logarithmic instruments, a new
digital meter makes direct meas-
urements of rf power, on either a
linear or dB scale. Model 1009 is
designed for both swept- and
single-frequency power measure-
ments from 10 MHz to 12.4 GHz.
It has a 50-dB dynamic range and,
in a completely automated test sys-
tem, can perform 1000 measure-
ments per second.

Booth No. 1320 Circle No. 379

Phase-controlled filters
fit waveguide and coax

RHG Electronics Laboratory, Inc.,
94 Milbar Blvd., Farmingdale,
N. Y. Phone: (516) 694-3100.

A new line of L- and X-band
phase-controlled waveguide and
coaxial filters are computer-design-
ed devices with precisely controlled
phase characteristics. Available as
fixed-tuned or tunable units, the
FC coaxial series provides multi-
pole performance coupled with a
very wide tuning range, while the
FW waveguide series offers low in-
sertion loss and a readily adjust-
able passband characteristic.
Booth No. 5403 Circle No. 289
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Directional detectors
swing out to 8 GHz

Wiltron Co., 930 E. Meadow Drive,
Palo Alto, Calif. Phone: (415) 321-
Y128. Price: $285 to $275.

Covering octave bands from 500
to 8000 MHz, a new line of direc-
tional detectors consists of a maxi-
mally flat directional coupler with
a crystal detector built into the
coupled arm. By including the de-
tecting element in the coupler, the
new units feature a net leveling
flatness of =0.2 dB over any oc-
tave band.

Booth No. 1138 Circle No. 382

Small balanced mixer
mounts like DIP IC

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone: (415)
326-7000. P&A: $80; 30 days.

Said to be the smallest unit of
its kind, a new 500-MHz double-
balanced mixer features a pin spac-
ing that is exactly the same as that
of standard dual-in-line integrated
circuits. When mounted on a cir-
cuit board, model 10514 occupies a
space of only 0.4 by 0.35 in., less
than 0.15 square inches. Its volume
is under 0.07 cubic in., and its
weight is less than 0.06 oz (1.5
grams).

Booth No. 1040 Circle No. 381

U138

Transfer switches
isolate to 18 GHz

Electronic Resources Inc., 4561
Colorado Blvd., Los Angeles, Calif.
Phone: (213) 246-6761.

Providing broadband rf perform-
ance in a lightweight subminia-
ture package, a new series of co-
axial transfer switches features a
low VSWR of 1.25 at 12.4 GHz and
unusually high interchannel isola-
tion from 0 to 18 GHz. Actuating
current for series 09-51 units is
just 53 mA at 26.5 V for latching,
and 177 mA for fail-safe operation.
Booth No. 1115 Circle No. 373

Multichannel sources
oscillate to 9.6 GHz

Hughes Aireraft Co., Electron Dy-
namics Div., 3100 W. Lomita Blvd.,
Torrance, Calif. Phone: (213) 534-
2191

A new line of solid-state multi-
channel ecrystal-controlled sources
provide discrete output frequencies
at any point in the frequency
range from 800 to 9600 MHz. Series
40000H units achieve tight fre-
quency stability (0.005%) and
low-noise operation. Minimum pow-
er outputs range from 25 mW to
8 W, and 1-dB bandwidths go from
48 to 800 dB.

Booth No. Unit H Circle No. 380

Small attenuator
spans 2-GHz band

Telonic Instruments Div., Telonic
Industries, Inc., 60 N. First Ave.,
Beech Grove, Ind. Phone: (317)
787-3231. P&A: $125; 30 days.

Slightly over 2 in. long and
weighing less than 5 oz, a new
rotary attenuator provides up to
60-dB attenuation in 10-dB steps
from dc to 12 GIIz. Model 8103 has
an impedance of 50  and an inser-
tion loss of only 0.7 dB at 2 GHz.
Its accuracy varies with frequency,
ranging from x=19% at 500 MHz to
*+59% at 2 GHz.

Booth No. 1724 Circle No. 389

J-band generators
deliver up to 5 mW

M-O Valve Co. Ltd., Metropolitan
Overseas Supply Corp., 468 Park

Ave. South, New York,
Phone: (212) 686-2120.

Nie s

Two new microwave devices, com-
pact J-band solid-state power gen-
erators, are low-noise electronically
tunable units. Type SSJ9 has an
operating frequency range of 12.4
to 14 GHz, a tuning range of 250
MHz and a power output of 5 mW.
Type SSJ10 operates from 14 to 16
GHz, tunes over 250 MHz and has
a power output of 1 to 2 mW.

Booth No. 4607 Circle No. 383
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Introducing Potter & Brumfield's unique

dual thin-ine

ary reed relays

An entirely new magnetic structure makes possible
an exceptionally low seated height of only 0.275
inch for high density board packaging. Circuit
boards employing JDT relays may be spaced on
0.5 inch centers.

This design minimizes magnetic flux dispersion,
resulting in a very efficient magnetic circuit. This
decreases coil power requirements and often per-
mits direct operation of JDT relays in low-power
semi-conductor logic circuits. An interfacing am-
plifier may be eliminated in many applications.

Terminals are similar to those on IC packages,
permitting spot testing on either side of a circuit
board. The dual in-line terminals on 0.1 inch
centers simplify circuit board design. The reed
switches are rated at 10 watts maximum resistive
(50V or 0.5A DC maximum) switching.

Mounted height
isonly 0.275"
Power requirements:
only 75mw per pole

Combinations of Forms
A, B and C are available

Single Lot Prices:

JDT 4000 Series (4-pole) $ 7.65
JDT 8000 Series (8-pole) $12.95
Quantity discounts apply.

A solid state time delay circuit may be incor-
porated in this small package. Or a Darlington
amplifier can be included to compensate for low
current applications. However, the number of
available poles for switching is reduced by the
addition of either of these circuits.

The JDT is completely encapsulated in epoxy,
giving protection against environmental contami-
nation. The Series is presently available in many
combinations of Forms of A, B and C.

Get full information today by calling your local
P&B representative or call direct to Potter &
Brumfield Division of American Machine & Foundry
Company, Princeton, Indiana. 812-385-5251.
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Missing pulse detector

Del Electronics Corp., 250 E. Sand-

ford Blvd., Mt. Vernon, N. Y.
Phone: (914) 699-2000. Price:
$1500.

Able to measure the rf energy
stability of magnetrons, a new
missing pulse detector accepts in-
put video pulse widths of 0.1 to
100 s and repetition rates from
200 Hz to 5 kHz. Input pulse am-
plitude can be between 50 and 400
MYV and reference pulse (trigger)
amplitude can range from =5 to
50 V. The unit is completely solid
state.

Booth No. 3705 Circle No. 291

Laser radiometers
gauge power and energy
a» .

International Light Inc., Dexter
Industrial Green, Newburyport,
Mass. Phone: (617) 465-5923.
P&A: $250 to $1100; stock.

Designed specifically for uniform
acceptance of narrow beams, a new
series of radiometer detectors is
capable of measuring instantane-
ous power, integrated energy, and
peak power of both cw and pulsed
lasers. Series PT200/A203 units
cover the wavelength region from
200 to 1200 nanometers. Their
power range covers 3 nW to 60 W
for cw lasers; their energy range
goes from 3 nJ to 6 J for pulsed
lasers.

Booth No. 1214 Circle No. 288

U140

Vhf/uhf generator
tability

features s

Wiltron Co., 930 E. Meadow Drive,
Palo Alto, Calif. Phone: (415) 321-
7428. P&A: $4450; 4 wks.

Covering the frequency range of
220 to 410 MHz, a new solid-state
a-m/fm signal generator (with the
63081 rf plug-in) provides a fre-
quency stability of 1 in 105 per 10
minutes after only 30 minutes of
warm-up. Model 6301 offers audio
modulation to 80%, frequency mod-
ulation to =100 kHz  or phase
modulation, together with 2V (419
dBm) of rf output.

Booth No. 1138 Circle No. 290

Digital rf meter
responds linearly

MILLIVAC INSTRUMENTS

MV-722A
AF MILLIVOLTMETER

Miliimc 20,

Instruments,
Box 997, Schenectady, N.Y. Phone:
(518) 355-8300. P&A: $1095; 8 to
10 wks.

Ine.,

Model MV-722A solid-state digi-
tal rf millivoltmeter features a
unique linearizing feedback circuit
that allows true linear response
with * 1-digit tracking. It has a
three-digit readout with overrange
indicator. Full-scale voltage ranges
are from 3 mV to 10 V. Frequency
response is *39% from 10 kHz to
100 MHz, =59% from 100 to 400
MHz, and *=10% from 400 MHz
to 1.2 GHz.

Booth No. 1411 Circle No. 392

Rf telemetry filter
tunes out to 420 MHz

Telonic Engineering Co., P.O. Box
277, Laguna Beach, Calif. Phone:

(714) P&A: $485 or

$545;

494-9401.
stock.

A new rf filter designed espe-
cially for the 210-to-420-MHz tele-
metry band is capable of tuning
any center frequency over this
range. Model TTF-315-3-3EE, is
a three-section device with a 30-dB
form factor of 3. Typical insertion
loss is only 1.3 dB at the center
frequency and average power rat-
ing is 30 W. A five-section version,
model TTF-315-3-5EE, is also
available.

Booth No. 1411 Circle No. 393

Programmable CFA
gives 20-dB gain

Warnecke Electron Tubes, Inc., af-
filiate of Northrop Corp., 175 W.
Oakton St., Des Plaines, Ill. Phone:
(312) 299-4436.

Rugged enough for airborne sys-
tem or pod-mounted applications,
a new S-band gridded injected-
beam crossed-field amplifier (CFA)
operates with 20-dB gain in any
one of three modes. The power out-
put of model RW-617 can be pro-
gramed over its full output range
in any mode by simply varying the
grid-to-cathode voltage.

Booth No. 5219 Circle No. 384
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Now that you’re surprised at how different this Howard fhp
motor looks on the outside, let’s talk about output:

When Howard rates a motor 1/20 hp, we’re not about to
underpower your system with a 1/25 hp motor. We’ve always
True Rated our fhp motors this way.

Now engineers and designers are finding that a carelessly
overrated or underrated motor can cause system problems.
And they want no part of either. That’s why engineers look
to Howard for True Rated fractional horsepower motors.. ..

and they get them. Our computer guarantees it. And your
products benefit.

Next time you look at <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>