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Computer-aided design—exciting typical design problems. Also
challenge to electronic engineers. included is a table of available
From an amplifier to a feedback computer programs that will help
system, here is how this new tech- you to put this powerful design
nology has been applied to solve technique to work (turn to p. 54).
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MINIATURE
MIL TYPE

AN \‘?\\ o

Magnetic shielded plus
electrostatic shield for §
voltage isolation of §
2x10¢. Primary 200K
C.T. to within 0.1%.

Secondary 50K.
FOLLOWER

tiws | “SPECIAL” CUSTOM BUILT

= NUDID TRANGFRMERS

" | 70 YOUR SPECIFICATIONS

mary inductance main- &
2

tained to 5% with
20% change in DC
unbalance and 30%
change in AC voltages
MICROMODULE | Exceptional quality and reliability is provided in all
UTC designs. Over 30 years of engineering knowledge
and experience substantiated by extensive field per-
formance assure the highest quality and most re-
liable components in the industry. Complete en-
vironmental testing facilities are incorporated to
prove out new designs. Full analysis and evaluation
of materials are conducted in UTC's Material and
Life tested per mi- [& Chemical Laboratories. Rigid quality control mea-
cromodule specs.: no & H H H it nd-
falues. 1K@ C1. o sures coordinated with e_thaustlve statistical fmq
400 < to 20KC. ings and latest production procedures results in

Metal case hermetical-
ly sealed to MIL-T-27B.
Gold Dumet leads
spaced on 0.1 radius,
for printed circuit ap-
plication.

HIGH POWERED CATHODE .

AUDIO

ow distortion 2.5 KW
utput transformer, PP
50 TH's 18,500 ohms
- C.T. to 24/6 ohms,
¢ 20 KV hipot. 520 Ibs.

HYBRID
TRANSFORMER

HI-FREQENCY
CARRIER TO
MIL-T-27B

o

' Electrostatically
hielded, humbucking,
+30 dbm level. With-
in .5 db 250 cycles
to 110 KC. 600/135:
600 centertapped to
.1% tolerance.

Two transformers each ¢
600  primary. 40K
2 C.T. secondary 250
cycles to 5 KC within
Y2 db. 40 db isolation ¢
over band.

o e T the industry’s highest degree of reliability. Range
SUBMINIATURE || BOLOMETER ULTRA- : covered in Audio Transformers is from 0.1 cycles
MOLDED . TRANSFORMER

MINIATURE | to 400 MC . . . microwatts to 50 KW.
TRANSFORMER . B

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART

®
. A POWER TRANSFORMERS e AUDIO TRANS-
ragnotenn e B FORMERS e INDUCTORS ¢ PULSE TRANS-
output transformer %, & FORMERS e ELECTRIC WAVE FILTERS e

o1, "sec. 8K G1 mon B LUMPED CONSTANT DELAY LINES e HIGH

Primary 10 ohms, sec-
ondary 530K ohms,
¢ 230:1 ratio, response #
from 12 cycle to 25 cy-

Grade 3 with printed [
circuit leads for tran-
sistor application, 150

Q to 150 2 at 10 dbm cles. 120 db magnetic level 50 mw; audio § ok
level. Size Y2 x 12 x shielding, plus full range response. To £ Q COILS » MAGNETIC AMPLIFIERS e SAT

1", ‘weight 5 grams. & electrostatic shielding. MIL-T-27B, grade 4. URABLE REACTORS e REFERENCE UNITS

3

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDFATELY AVAILABLE
from your local distributor.

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. « 150 VARICK STREET, NEW YORK, N. Y. 10013
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Check your application against
each performance feature of the
new 463A Precision Amplifier

[:l 1. 0.01% gain accuracy and stability—80 db dynamic range

[ 2. wideband application—de-1 MHz
TYPICAL GAIN ACCURACY

10

1

b

%

+% ERROR

.01

—

.001

10Hz 100Hz 1kHz 10kHz 100kHz 1MHZz
FREQUENCY

D 3. 0.01% ultra-low distortion

[J 4. 100 v rms out, 5 watt continuous power

D 5. Front-panel overload indicator, reset button
D 6. Al solid-state

HESLETT « PADRARSE

The Hewlett-Packard 463A Amplifier has totally unique benefits
for almost every application—calibration system work without
introducing error, ac and dc measurements with thermocouples
or differential voltmeters, amplification of stable solid-state
oscillators, driving magnetic memory cores, data acquisition
amplification, bridge measurements, very low frequency
amplification for biomedical, servo, geophysical applications,
in-system amplification (BNC rear-panel terminals).
Adjustable gain is also provided with a range of 0 to 100% of

selected gain. The 463A meets the most critical demands of
wide-range, low-distortion amplification. Ideal as a preamp for
the hp 741A AC/DC Differential Voltmeter, DC Standard and
3440A/3445A DVM and Range-Unit Plug-in, for making low-
level measurements. Hewlett-Packard 463A, $590.

Call your Hewlett-Packard field engineer for complete speci-
fications, related to your particular amplifier need. Or write
Hewlett-Packard, Palo Alto, California 94304, Tel. (415) 326-
7000; Europe: 54 Route des Acacias, Geneva.

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

HEWLETT (hp PACKARD

i

An extra measure of quality
1647

ON READER-SERVICE CARD CIRCLE 2

ELECTRONIC DESIGN 23, October 11, 1966



Beef

’ npbells

TAIGGER LEVEL

Ma,oaronl

PY-0-MY

IDAMO

Chicken

v sl

Macaroni

Mashéd Potatoes |

- prow
DEVOLIE | AL WETE
N G e )

B PrehN ac s s e 4

2 Kna
cream-mushroom

No, it's not the start of a price war.
We're simply demonstrating that our
new solid-state Model 616A fre-
quency meter costs about half the
price of any other comparably per-
forming instrument now available.
But, since the 616A is so versatile,
who needs two of them anyway? This
clever little instrument, with all sili-
con semiconductor insides, gives you
direct frequency measurement
through the entire 225 Mc telemetry
band, and as high as 12 gigacycles
with one plug-in. That's because we
cunningly built in the prescaler.

But Hewlett-Packard and Beckman
didn’t. Theirs is a plug-in to a counter,
and the total cost is twice that of our
616A. Then they sell you a second

plug-in to measure above 400 Mc.
Speaking of plug-ins...the 616A
comes well equipped! Slip in a fre-
quency converter or other special
CMC frequency extender plug-ins,
and your frequency measurements
can soar to 1,000 Mc, 3,000 Mc, and
even a phenomenal 12 gigacycles! Or,
with our time interval plug-ins, meas-
ure time from .1 psec. to 1 sec., or
1 psec. to 10 sec.

Not only is the Model 616A half the
price, but notice, it's half-rack size
too! One reason is because, like
others in the 600-Series, it features

an advanced ‘‘mother board’’ tech-
nique. Lost are excess size, weight,
and components; gained are new
shape, reliability, and ease-of-main-
tenance. Button it up with its front
cover and this rugged 28-pound wiz-
ard goes right out in the field.

All this for just $2,185. Interested?
Then send now for the complete
specs. And, if you're new at com-
paring our specs to high-powered
H-P and big, bad B, you can earn a
glorious Crusading Engineers’ medal
which reveals to everyone that you
had the guts to look at somebody
else for a change. It's also a great
conversation opener for sweet young
things you want to dazzle at your
next T. G. |. F. party!

12973 Bradley - San Fernando, California + Phone (213) 367-2161 - TWX 213-764-5993

COMPUTER MEASUREMENTS COMPANY IS A LEADING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT, MEASURE, AND CONTROL.

Speed Inquiry to Advertiser via Collect Night Letter
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_ BOURNS® BUSHING MOUNT POTENTIOMETERS

Maximum
Operating Case
Diameter Model Resistance(i) Tolerance Linearity Power Temp. Range Humidity Shock Vibration Length
(In.) No. Turns Q (%) (%) (Watts) (°c) (MIL-R-12934) (G) (G) (In.)
1/ 3700 10 100-100K ® 5 +0.25 1.0 at 70°C —65 to +125 Yes 100 20 1
2 3707 10 100-100K =N +1.0 1.0 at 40°C —55 to +105 (©) 50 10 1
3500 10 100-250K = sl +0.20 2.0 at 70°C —65 to 4125 Yes® 100 20 1
3501 10 1K-500K + 5 +0.50 2.0 at 70°C —55 to 4125 Yes® 100 20 1
7 3507 10 100 to 100K =+ 5 +0.50 2.0 at 25°C —55 to 4105 ® 50 10 1%
8 3510 3 50-100K 3°3 +0.30 1.0 at 70°C —65 to +125 Yes® 100 20 He
3520 5 50-100K < b +0.30 1.5 at 70°C —65 to +125 Yes® 100 20 e
3530 1 25-50K + 3 +0.50 1.0 at 70°C —65 to +125 Yes 50 15 Va
1 1/ 3430 1 50-100K E3 +0.50 1.5at 70°C —65 to +125 Yes 50 15 %
16 3438 1 100-50K +20 =10 1.0 at 40°C —15 to 480 ® 15 10 Y%
113/16 3400 10 100-500K = <l £0,15 5.0 at 40°C —65 to 4105 Yes 50 10 1%
2 3410 1 50-100K s +0.30 4.0 at 70°C —65 to +125 Yes 50 15 %
3 3440 1 100-150K x 3 +0.25 6.0 at 70°C —65 to 4125 Yes 50 15 %
TR y IET [
BOURNS KNOBPOT ®POTENTIOMETERS
3/4 3600 10 100-100K + 5 Accureci®% 1.5 at 25°C —65 to +85 ® S0 L0 P

11/4 3640 10 100-100K +3 +0.10  2.5at 25°C —65 to +85 ® 50 .10 1%
1 3650 TETT, T
4 DIGITAL 10 100-100K + 3 +0.10 2.5 at 25°C —65 to -+85 ® 50 10 1%
READOUT
'| 3660 : £ ’ A
4 taBpoTTy 10 100-100K + 1 +0.10 2.5 at 25°C —65 to +85 © N/A  N/A N/A

(@) Accuracy of Readout vs Output (Including Linearity)
@ Moisture Resistance per Method 106, MIL-STD-202 Available.




BOURNS
PRECISION
POTENTIOMETERS

“A complete in-stock, in-depth line of proven standards and
capability to adapt any model for special requirements.”

BOURNS® SERVO-MOUNT POTENTIC

Maximum

Operating Case

Diameter Model Resistance(i) Tolerance Linearity Power Temperature Humidity Shock Vibration Length
(In.) No. Turns Q (%) (%) (Watts)) Range (°C) (MIL-R-12934C) (G) (5] (In.)
1/2 3750 10  100-100K =5 +0.25 1.0 at 70° —65 to 4125 Yes 100 20 1%
3550 10  100-250K +3 +0.20 2.5at70°C —65 to +125 Yes 100 20 1%

7 3551 10 1K-500K =S +0.50 2.0 at 70°C —55 to 4125 Yes 100 20 1%,
3560 3 50-100K +3 +0.25 1.5at70°C —65 to 4125 Yes 100 20 1%a

8 3570 5 50-100K =9 +0.25 2.0 at 70°C —65 to +125 Yes 100 20 1%
3580 1 25-50K +3 +0.50 1.0at70°C —65 to +125 Yes 50 15 %
] 1/16 3480 1 50-100K *3 +0.50 1.5at70°C —65 to 125 Yes 50 15 Us
2 3450 10  100-500K =3 +0.15 5.0 at 70°C —65 to 4125 Yes 50 10 2%
3460 1 50-100K +3 #+0.30 4.0 at 70°C —65 to +125 Yes 50 15 %
3 3490 1 100-150K 3 +0.25 6.0 at 70°C —65 to +125 Yes 50 15 %

217 ¥

I~ n 10 1 n
G UIA 'L-\‘,? 2 Juni

1" TURNS-COUNTI

Shaft
Model Diameters Body
No. (In.) Brake Finish

Part No. Description

H-351  10-Turn, clock-dial

readout.
H-491 3%, Y%, Y4 No  Clear A 14" or 3
= Dia. shafts.
H-492 3%, %. Y% Yes Clear H-353 é\g:?lt;:mf:r shaft

H-354 Turns Counting Dial
with brake

H-355 Snap-on Color rings®
*Per FED. STD. 595
@ Steady State Humidity per Method 103, MIL-STD-202.

(@) Lower and High Resistance Values than those shown are available in most models,

H-493 %, %, % No  Black

H-494 3%, Y%, % Yes Black

ON READER-SERVICE CARD CIRCLE 4

BOURNS, INC, TRIMPOT DIVISION . 5

1200 COLUMBIA AVE. RIVERSIDE, CALIF. 3
PHONE (714) 684-1700 - TWX: 714-682 9582
CABLE: BOURNSINC.

TRIMPOT® AND PRECISION POTENTIOMETERS—RELAYS—MICROCOMPONENTS: TRANSFORMERS, INDUCTORS, RESISTORS AND CAPACITORS




MICROCIRCUIT MODULES
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HIGHEST DENSITY

...and simplified Gating Rules Reduce Costs

The ADC 13-Series features unique func-
tion grouping, simplified gating rules and
a 62 pin connector which permits the high-
est density per board. This means more
functions per board — fewer boards re-
quired — less wiring — less noise problems
— less cost. The 13-Series offers the most
economical logic implementation as well
as field proven performance = The ADC
13-Series further expands (more than 30
new modules) the most complete line of
logic modules available. = The 100 kc - 10

Series, with germanium semi-conductors,
is simple, economical and reliable. The 1
mc 11-Series using silicon semiconduc-
tors, is ideal for high performance appli-
cations and the 11G-Series meets all
applicable MIL/NASA specifications,

ADC offers free logic implementation ser-
vice for competitive evaluation and appli-

| cation assistance. = Write for new short

form catalog and obtain a free logic design
handbook.

/AU DIGITAL PRODUCTS DIVISION CaNMOG&Ga ELECTRONICS CORPORATION
8966 Comanche Avenue, Chatsworth, California 91311, Tel, (213) 341-3010, Twx (910) 494-1214
ON READER-SERVICE CARD CIRCLE 5
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Ingenious uses for a

You design engineers are coming up with all sorts of
ingenious uses for Flexite Shrinkdown plastic tubing.

Three years ago, Markel Shrinkdown was introduced
as a better, more easily applied insulation for electrical
components, connections and assemblies of irregular
shapes. It still is . . . only more so!

But new uses, in countless applications, are being
discovered every day. For instance: to bind things to-
gether—add strength and rigidity—seal against leaks—
identify wires and parts—protect against abrasion, wear
and breakage—resist corrosion, heat and moisture—
keep out dirt, water, grease and chemicals—cover rough
or sharp protrusions—prevent vibration—reduce noise—
improve appearance—and so on ad infinitum.

Put your ingenuity to work. See where a skin-tight
sheath of tough, flexible, heat-resistant plastic would
improve performance, prolong life or cut the cost of
your products.

There are four types of Shrinkdown to meet your re-
quirements. One is of Teflon*, for use at temperatures

Innot idea!

up to 250°C. Two have shrinking temperatures under
200°F for use where higher heat would injure compo-
nents. All have excellent electrical characteristics . . .
meet military and commercial specifications. All shrink
50% in diameter—Iless than 10% in length.

To stimulate your thinking, we'll
be glad to send you our “Hot Idea”
experimental sample kit of Markel
Flexite Shrinkdown Tubings. No
cost—no obligation—just write.

*DuPont Trademark

MARKEL

SINCE 1922

L. FRANK MARKEL & SONS
Norristown, Pa. 19404 e Phone: 215/272-8960

INSULATING TUBINGS AND SLEEVINGS
HIGH TEMPERATURE WIRE AND CABLE

ON READER-SERVICE CARD CIRCLE 6

ELECTRONIC DESIGN 23, October 11, 1966



1
I
T

in Avenue, Nor-

EESEEREESEEE

ROTATION

ROTATION

Potentiometers feature
ELECTRONIC DESIGN 23, October 11, 1266

tation in a multiturn unit.

TANGENT —77° to +77°

LOG Q¢ /Ps

T

ing error

BB EE

ROTATION

{
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|

41444
BERuuNs

441

PRESSURE/ALTITUDE

MACH

OD+OoaD+

* High input and low output impedance
in-Elmer Corporation, 768 Ma

* Low quadrature output

* Reliability and long life
* Small load

* Continuous ro
We'll be glad to assist with any problem of pot de-

sign. Call or write to Electronic Products Division,

Perk
walk, Connecticut 06852.

All Vernistat a.c

ELMER

s a precise
ON READER SERVICE CARD CIRCLE 7

PERKIN-

-linear voltage output,

we have the answer. A Vernistai a.c. Potentiometer

with a permanent wave.

iIre a precise non

ROTATION

Take a look at some of the useful curves produced

by Size 11 Series 4 Vernistats.

mechanism available for the job. It's called Vernistat.
ional units experience serious degradation.

Suppose you need a function generator or some
As for reliability —rotational life tests indicate that
Vernistat a.c. Potentiometers are “run-in” where con-

other non-linear control. Remember there’

If you requ

vent

OUR POTS GAN THROW A WIGKED GURVE
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New from Sprague!

LOW
COST
HERMETICALLY
SEALED

SILICON

EPITAXIAL
E P T PLANAR

TRANSISTORS

NOW AVAILABLE IN PNP TYPES!

NPN TRANSISTORS

Type No. Application Features
high voltage BVicgo = 45V (min.), BVggo = 75 V (min.),
TNS53-TN54 switch f; = 100 (min.)
2N4383-2N4386 low level wide-band noise figure = 2 db (typ.),
(TN55-TN58) switch hrge = 100 at 10 mA
TN59-TNes | Pigh speed f; up to 100 mc, heg up to 100 at 150 mA
switch
Vo < 500 mV at Ig = 5 mA,

TN79-TN80 chopper Rs <20 q atlg = 5mA

TN81 power amplifier | 600 mW Poy at 50 mA, typical gain of 9 db

PNP COMPLEMENTS

2N4412-2N4413 (1Q55-TQ56)

Low Level, Low Noise
(complement of TN55, TN56)

TQ59-TQ60

General Purpose, High Gain
(complement of TN59, TN60)

TQ61-TQ62

High Speed Switch
(complement of TN61, TN62)

{'—1

TO-5

&

CASE

For complete information, write to Technical
Literature Service, Sprague Electric Company,
347 Marshall Street, North Adams, Mass. 01247

Hermetically-Sealed TO-5 and TO-18 Metal Cases rﬁi
for Superior Moisture Resistance
and Power Capability

SPRAGUE COMPONENTS

TO-18 [{| CASE

TRANSISTORS
CAPACITORS
RESISTORS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS

435-6140

10

PULSE TRANSFORMERS
INTERFERENCE FILTERS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

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

ON READER-SERVICE CARD CIRCLE 9

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and '@' are registered trademarks of the Sprague Electric Co.
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COMPUTER
DIGITAL
2-00056-628
a6

Portable inertial guidance systém rapidly Solid-state spectrograph prints taped sound
aligns aircraft navigation platform. Page 21 pictures in a matter of seconds. Page 20

. A ) 45 3? el -
. a

A laser beam may be used to trigger a high created y an ionization process in the beam
microwave power switch. The gaseous plasma is used as a transmission path. Page 33

Also in this section:

Computer-aided design experiences growing pains . .. Page 17
Audio/visual system checks with hospitals . . . Page 24

News Scope, Page 13 . . . Washington Report, Page 31 . . . Editorial, Page 51
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All fronLﬂSPrague.'

TWELVE OF OUR MOST POPULAR METALLIZED CAPACITOR TYPES

SPRAGUE TYPE

~C>~ |

</ f

155P, 156P

218P
260P |
121P
118P
143P
144p
284p

283P

282P

l (energy storage) I

Case And
Configuration

hermetically-sealed
metal-clad tubular

film-wrapped
axial-lead tubular

molded phenolic
axial-lead tubular

hermetically-sealed
metal-clad tubular

hermetically-sealed
metal-clad tubular

hermetically-sealed
metal-clad tubular

hermetically-sealed
metal-clad tubular

hermetically-sealed
metal-clad
“bathtub” case

hermetically-sealed
metal-clad
“bathtub” case

hermetically-sealed
metal-clad
rectangular case

hermetically-sealed
metal-clad
rectangular case

drawn metal case,
__ceramic
pillar terminals

Dielectric

metallized Metfilm* ‘A’

metallized Metfilm* ‘E'
(polyester film)

metallized paper

metallized Metfilm* ‘E’
(polyester film)

metallized Metfilm* ‘K’
(polycarbonate film)

metallized paper

metallized Difilm®
(polyester film
and paper)

metallized paper

metallized Difilm®
(polyester film
and paper)

metallized paper

metallized Difilm®
(polyester film
and paper)

metallized paper

Temperature
Range

—55C,+85C

—55C, +-85C

—40C, 4-85C

—55C, +-105C

—55C, +105C

—55C, 4-125C

—55C, 4-125C

—55C, 4-125C

—55C, 4-125C

—55C, 4-105C

—55C, +125C

0C,+40C

Military
Equivalent

no
specification

no
specification

no
specification

CHO8, CHO9
Characteristic R

no
specification

no
specification

CHO8, CHO9
Characteristic N

no
specification

CH53, CH54, CH55
Characteristic N

no
specification

CH72
Characteristic N

no
specification

Engineering

Bulletin

2650

2445

2030

2450A

2705

2210C

2211D

2220A

2221A

2222

2223

2148A

For additional information, write Technical Literature Service, Sprague Electric Company, 347 Marshall St.,
North Adams, Massachusetts 01247, indicating the engineering bulletins in which you are interested.

*Trademark

CAPACITORS

TRANSISTORS

RESISTORS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS

4SC- 8108

12

PULSE TRANSFORMERS
INTERFERENCE FILTERS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

_SPRAGUE COMPONENTS |

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES

BOBBIN and TAPE WOUND MAGNETIC CORES

SILICON RECTIFIER GATE CONTROLS
FUNCTIONAL DIGITAL CIRCUITS

THE MARK OF RELIABILITY

Sprague’ and ' (2)" are registered trademarks of the Sprague Electric Co
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New X-ray unit shows
3-D internal views

A new development in X-ray tech-
nology affords the physician a three-
dimensional view of the inside of
his patient. Stereofluoroscopy gives
a live view of the heart, liver and
other internal organs such that
their contour and depth may be seen
at a glance.

This technique allows the physi-
cian to make more accurate and
speedier investigations and simul-
taneously cuts the time that the
patient is exposed to the possibly
destructive radiation.

The new system, called Stereo
Fluoricon by its maker, General
Electric’s X-ray Dept., Milwaukee,
is an improvement of existing meth-
ods of enhanced two-dimensional
fluoroscopy. It can be used in nor-
mal artificial light and is based on
the use of a dual-beam X-ray tube
that irradiates the patient from two
slightly different angles. An optical
polarizing arrangement superim-
poses left and right images on a
mirror so that they appear as a sin-

VIEWING MIRROR

ROTATING POLARIZER

MIRROR

X-ray looks inside the body in 3-D

ELECTRONIC DESIGN 23, October 11, 1966

gle three-dimensional image to the
human eye.

The system is particularly val-
uable for locating foreign objects
within the body and placing cathe-
ters within the heart. A heart ca-
theter is a long, fine, highly flexible
tube that is inserted in an artery at
the wrist and snaked all the way to
the heart. The procedure is used to
inject X-ray-opaque dye into the
heart for analysis of heart function.
It is also employed to examine the
composition of cardiac blood for
aeromedical studies of pilots’ reac-
tions under conditions of accelera-
tion and stress.

Fluoroscopy is based on the abil-
ity of X-ray radiation to illuminate
a fluorescent screen. The patient is
placed between the X-ray tube and
the viewing screen and bursts of
radiation project negative images of
internal structures onto the screen.
These can be viewed directly or
filmed for later study.

This process was vastly improved

DUAL FOCAL SPOT X-RAY TUBE

IMAGE INTENSIFIER

FIXED POLARIZER

MIRRORS

about 15 years ago with the intro-
duction of the image intensifier
tube which enhanced the image
through application of electron mi-
croscope optics. Image brightness
was increased as much as 6000
times. The patient could be viewed
in a normally lit room. The tech-
nique was also safer because the
X-ray energy level could be lowered
and radiation dosage decreased.

The GE unit now introduces the
third dimension into fluoroscopy.
The two X-ray beams that it uses
are two inches apart and are trig-
gered alternately at 60 hertz. Be-
cause of their separation, each beam
produces a slightly different image.
After enhancement by an intensifier,
the images are passed through the
polarizing system and flashed suc-
cessively onto the viewing mirror.
The flashing rate is fast enough for
the composite to appear as a con-
tinuous stereoscopic image.

Optional extra equipment makes
it possible to vary depth perception.
Altering the firing rate of the dual
X-ray tube increases or decreases
the angle of convergence so that the
perception of depth can be increased
or decreased.

NASA funds may be cut
by one billion dollars

One billion dollars will definitely
be cut from NASA’s budget this
fiscal year, it is reliably reported.
Leslie Carpenter, a highly respected
and well-informed special writer for
the Washington Star, contends that
President Johnson has before him
right now a proposal that will cer-
tainly reduce NASA’s funds by that
amount some time during the re-
maining ten months of Fiscal 1967.

The proposal, he reports, was sub-
mitted to the President by his eco-
nomic advisers, who believe that
NASA can better stand such a cut-
back than any other government
agency. Carpenter claims that both
the President and his aides feel that
the reduction in funds will delay a
lunar landing by only a year or so.

Sodium-sulfur battery

to power electric car

A new type of battery said to be
lightweight, cheap and powerful
enough to propel a ‘“subcompact”
car has been unveiled by Ford Mo-
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News
scnnecommueo

tor Co. researchers (see ED 13,
May 24, 1966, pp. 17-22).

The battery contains liquid sodi-
um and liquid sulfur separated by
a crystalline ceramic sleeve. The
production model will be a sealed
unit that can be recharged with
ordinary household current, a Ford
spokesman said.

A major feature of the battery is
the ceramic sleeve, which is made
from aluminum oxide and beta-
alumina. The selective qualities of
this composition allows only the so-
dium ions to pass through, and in-
teract with the liquid sulfur.

Because the battery is sealed and
the action between the chemicals
is a relatively simple process, the
new battery is said not to suffer
from the deterioration that occurs
in conventional batteries.

Within 10 years, Ford said, they
will be able to produce a 5- to 10-
kW battery weighing 50 to 100 lb
capable of powering a small car
150 to 200 miles at 40 miles per
hour.

Zenith demonstrates

laser TV system

Zenith Radio Corp. has an-
nounced development of an experi-
mental laser TV system that is said
to produce large pictures with a
sharpness and detail approaching
that of conventional TV pictures.

An unusual feature of the dis-
play system is that horizontal
scanning of the laser beam is ac-
complished by an ultrasonic de-
flection cell. The cell directs acous-
tic waves of varying frequency to
intercept the laser beam and de-
flect it across the screen 15,750
times per second.

The system consists of a 50-mW,
helium-neon laser source (produc-
ing a black and red picture on the
screen). A first ultrasonic diffrac-
tion cell for intensity modulation.
A second diffraction cell that acts
as a horizontal deflector, and a ver-
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Checking the weather

tical deflector. These perform es-
sentially the same function as a
conventional TV receiver.

16-Ib weather station

operates on batteries

A 16-pound portable weather sta-
tion that operates on four conven-
tional flashlight batteries has been
delivered to the Army for use in
the field.

The all solid-state unit, manufac-
tured by Cambridge Systems, Ine.,
of Newton, Mass., can be put into
operation by one man within the
space of five minutes.

Also to be made available com-
mercially, the station measures basic
weather variables, including wind
speed, direction, barometric pres-
sure, temperature, dew point and
precipitation levels.

Designated the AN/TMQ-22, the
device will aid Army meteorologists
in providing tactical weather.

It may be hard
to pass the buck

The Pennsylvania State Univers-
ity, University Park, Pa., has begun
tagging some of the wild animals
in the woods of central Pennsylvania
with tiny radio transmitters.

Deer—bucks, does and fawns—are
first shot with tranquilizer-tipped
needles and then outfitted with
bright plastic collars that contain
the minute devices. The entire col-
lar, containing transmitter, cir-
cular antenna and battery, weighs
less than a pound.

The electronic tagging is a uni-
versity project called Radio Deer.

Its aim is to learn more about the
movement of the wildlife.

When the tagging is completed,
graduate students will track the
deer. Each student will carry a
shoulder-strap receiver as he trudg-
es through the chilly autumnal wood-
land. A handheld loop antenna will
zero in on the animal and the stu-
dent will pinpoint its whereabouts
on a map for future study. The stu-
dents will keep in touch with one
another with walkie-talkies.

Atom power urged
for ocean living

A nuclear generator that would
be placed 1200 feet below the ocean
surface and supplying up to a mil-
lion watts of power for a small un-
derwater community has been sug-
gested by B. D. Pritchard, vice pres-
ident of R&D for T.M.C. Systems,
Springfield, Va. The company has
been studying the feasibility of such
a project.

The reactor would provide elec-
tricity for protein farming and
would operate equipment for mining
the large reserves of mineral d-
posits known to exist under the seas.
Sheltered inhabitants of the under-
water community, Pritchard says,
would receive enough generated
power to live for extended periods
without coming to the suface.

The reactor and generator would
be contained in its own module and
connected by cable to fully equipped
community modules, providing liv-
ing and recreational facilities. A
floating platform would provide
communication with the outside.

Airline installs

portable radios

A hand-held vhf radio that per-
mits an airline pilot to talk directly
to a control tower or rescue plane
without relying on the aircraft pow-
er system has been developed. The
two-channel unit is being placed
aboard all United Airlines planes.

The wet-cell battery that powers
the unit will last up to 20 years
without recharging, says the radio
manufacturer, Granger Associates
of Palo Alto, Calif.

Development of the radio is said
to be significant in that previously
an aircraft with electrical failure
lost all communications.
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Workhorse DTL

Four reasons why Westinghouse WC 2001C’s are aclear first choice for trouble-free computer and control systems.

The Westinghouse DTL line has been
designed into so many successful
computer and control equipments
that it has won the supreme
endorsement: It is being second-
sourced by four major integrated
circuit producers.

Reasons? First — reliability. WC 200
series designs have been proved by
5 million hours of life testing since
their introduction in 1962 and have
been continually improved since
then. Major users report a 20 to 1
improvement in system reliability
over previous discrete-component
circuits. Just try to find any other
digital line backed by such massive
proof of reliability!

ELECTRONIC DESIGN 23, October 11, 1966

Second reason — speed. WC 200’s
six volt design with or without built
in collector resistors increases speed
and flexibility, keeps power
dissipation down. And the use of the
single-stage JK flip-flops rather than
a master-slave arrangement makes
WC 200 inherently fast.

Third reason — the greatest versatility
in commercial DTL. Circuits are
available in all 3 industry accepted
packages. The line includes 15 gate
circuits with 1 to 6 gates per package
in a variety of input arrangements,

2 RS flip-flops, 2 JK flip-flops,

1 pulse binary counter, plus diode
expanders and a large variety of
interface circuits.

Fourth reason — immediate local
availability at competitive prices.
Behind the Westinghouse WC 200
line are both the most advanced IC
plant in the industry and the longest
production experience in integrated
DTL. Result: high yields, and the
greater production, increased
reliability, and lower costs that you
would expect to go with them.

These should be all the reasons you
need to investigate WC 200

series DTL now. For immediate
delivery, call your Westinghouse
electronic distributor. For technical
data, write Westinghouse Molecular
Electronics Division, PO. Box 7377,
Elkridge, Maryland 21227.

You can be sure if it's Westinghouse

ON READER-SERVICE CARD CIRCLE 11

J-09134
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Solve Your Noise Problems...

fish out those elusive weak signals from gooey backgrounds of noise

. Since our first “solve-your-noise-problems” ad-
vertisements ran, we've sold a lot of PAR Lock-In
Amplifiers and helped to solve a lot of noise
problems. But — we couldn’t help everybody . . .

PHOTO #1

Three traces of a repetitive 50kHz signal buried
in noise. Time: 10 .sec/cm

certain applications require “fishing out” a faithful
reproduction of the waveform of the desired signal
and the lock-ins just didn’t quite do this.

Heretofore — if the frequency was low, and the cus-
tomer had lots of money, some sort of reproduction
could be obtained with Brand X and similar types of
complicated and expensive types of signal averag-
ing machines.

PHOTO %2

Output of Brand X at max. sweep with similar
shaped waveform as signal input. As Brand X
did not work with the 50 kHz signal, the input
frequency had to be reduced to 5 kHz. Time:
100 ;.sec/cm

See us at ISA Booth 1437

NOW — good news for searchers for small signals —
the PAR team has again broken the noise barrier.

PHOTO #3

Output of PAR TDH-9 Waveform Eductor with the
noisy 50 kHz signal shown in Photo #1 as input.
Time: 10 usec/cm

Using an entirely new principle (an old PAR dodge),
the PAR TDH-9 Waveform Eductor offers much faster
speeds, much higher frequency response, all at a
much lower cost! In the Waveform Eductor, special
active filters combine the latest in field-effect and
high-speed-switching techniques to get information
into and out of information storage channels in
nanoseconds. Thus, you can put 100 separate chan-
nels across one cycle of a 10 kHz signal or, on slower
signals, these narrow channels can be used to study
portions of the waveform in great detail for unex-
celled resolution.

You can purchase a PAR Waveform Eductor for only
$4,200 and, of course get, for free, application help
from the world’'s foremost noisy signal processing
specialists.

TDH-9 Specification Summary:

Averaging Time—1 to 100 sec

Averages up to—10% separate scans

Sweep Duration—100 usec to 11 sec

Operates from —0.1 Hz to 100 kHz

Outputs—Fixed and variable for oscilloscopes and/or recorders.

PAR Model TDH-9
Waveform Eductor

Write for
Bulletin #126 to:

PRINCETON
APPLIED RESEARCH CORP.

Dept. E, Princeton, N. J. Tel. (609) 924-6835

ON READER-SERVICE CARD CIRCLE 12
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NEWS

NASA spurs unity in computer-aided design

Compiles library of its programs as a first step
toward ending overlap among programs in field.

Peer Fossen
West Coast Editor

For a newcomer to the fertile
field of electronics, computer-aided
design has been growing more like
a weed than a healthy seedling.
With an estimated 2000 programs
in use, wasteful and costly duplica-
tion of effort have abounded. The
trouble: the lack of a clearinghouse
for designers to locate and evaluate
programs.

This picture emerged from the
Institute on Modern Solid-State
Circuit Design, held Sept. 15-16 at
the University of Santa Clara, Calif.
But for participants at the insti-
tute there was also good news: the
first steps are being taken to correct
the trouble. The most significant of
these is a NASA survey of comput-
er programs for circuit analysis and
design. NASA is compiling a libra-
ry of its programs and is making

the contents available to industry
"

for a nominal fee.

The present information gap,
speakers at the institute empha-
sized, exists not only between com-
peting electronic companies but also
between Government agencies and
even different divisions of the same
company.*

A preliminary report on the
NASA survey, being conducted by
the agency’s Electronics Research
Center (ERC) at Cambridge,
Mass., was presented by Dr. John
Staudhammer of Arizona State
University and Dr. William W.
Happ, chief of the Design Criteria
Branch at the NASA center. They
stressed the value of setting up
“standardization and qualification
procedures to assure the usefulness
and reliability of a program.”

Their report noted that several
hundred programs had so far been

*See ED 4, June 7, 1966, p. 31 and
ED 20, Aug. 3, 1966, pp. 34-36.

Dr. Dorf (right) explains a circuit, simulation program, set up on the University
of Santa Clara’s Systron-Donner 80 analog computer, to Dr. Happ.
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provisionally encoded and that spe-
cific information on individual pro-
grams would be made available
through NASA’s COSMIC project.
Under COSMIC, the Computer
Center at the University of Geor-
gia, Athens, is compiling the libra-
ry of verified NASA programs.
Apart from NASA’s Cambridge
center, the main sources of infor-
mation for COSMIC are NASA’s
Marshall Space Flight Center,
Huntsville, Ala., and the Manned
Space Flight Center in Houston.

Macroprogram distributed

NASA/ERC offered institute par-
ticipants its “macroprogram,” Net-
work Analysis for Systems Applica-
tion, confusingly abbreviated to
NASA. Richard Carpenter of
NASA/ERC said that the program
was based on the “dichotomy” im-
plied in the flowgraph associated
with any active network. This di-
chotomy, Dr. Happ explained, was
what distinguished flowgraph, cut-
set and similar approaches to solid-
state circuit design from node- or
loop-analysis and like algebraic ap-
proaches. It stemmed from the fact
that “to describe a passive element
a decision . . . must be made: Is the
element either a voltage-controlled
current source or a current-con-
trolled voltage source.”

Carpenter described the NASA
program based on this as particu-
larly useful to circuit designers and
reliability analysts with access to a
medium-size or desk computer or to
a time-sharing outlet. The final
form of NASA was expected to be-
come available more widely later
through the COSMIC project.

Balanced program was presented

The participants’ consensus was
that the formal portions of the in-
stitute afforded a good balance be-
tween academic and design-oriented
lectures.

The two basic trends of the insti-
tute became apparent from the out-
set. The first day’s formal program
consisted ot two main sessions on
models of active elements and meth-
ods of circuit analysis. Five papers
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(computer design, continued)

were presented. On the second and
last day several practically oriented
papers were heard.

Perhaps the most compelling pa-
per given was ‘“Inductorless Fil-
ters” by H. J. Orchard, of Lenkurt
Electric Co., San Carlos, Calif. Or-
chard stated that the production of
inductorless filters with RC active
networks led to circuits that were
very much more sensitive to compo-
nent tolerances than conventional
LC filters. An alternative and ap-
parently optimum solution, accord-
ing to Orchard, is merely to replace
each inductor in a conventional dou-
bly loaded LC filter with a gyrator-
capacitor combination.

Iterative method disapproved

Both the next two speakers spoke
against the usefulness of computer-
aided design by iterative methods.

Dr. G. Temes, of Ampex Corp.,
Culver City, Calif., flatly warned
against such methods in a paper,
“Iterative = Optimization Tech-
niques.” He said: “It is like brain
surgery and should be used only
after everything else has been tried.
The iterative methods should only
see use if no ‘classical’ synthesis
technique is available to solve the
design problem.” One reason that
he adduced was that the iterative
methods take from 10 to 100 times
longer than direct circuit synthesis.

Dr. E. A. Huber, of Sylvania
Electric Co., took a less vigorous
stand against iterative methods by
suggesting that perhaps an ap-
proach involving both science and

art should be considered for com-
puter-aided circuit design.

Dr. Richard Dorf of the host uni-
versity’s Electrical Engineering
Dept. also came out strongly for the
direct synthesis approach. Speaking
on the topie, “Sensitivity,” he said:
“Going into computer-aided design
is going to mean quite a bit of
effort in some direction on the part
of any company or individual. It is
therefore necessary to think out,
before starting, whether to go the
route of building a large block of
analysis programs or to try to de-
velop design programs in them-
selves.”

No obvious choice exists

To judge from the informal por-
tions of the institute, there is no
clear-cut answer to which route to
choose. The trend seemed to be for
companies not concerned with the
cost of computer time to become
more involved in analysis programs
while engineers designing with an
eye to the profit and loss statement
favor direct synthesis.

It was Dr. Temes who best
summed up the divergence of views
when he said at an informal eve-
ning session: “This institute has
brought together two groups inter-
ested in computer-aided circuit de-
sign: those who know how to de-
sign and go ahead and do it; and
those who don’t know how to design
and go the guess-and-analyze route.
They are both very competent
groups, but they need to get togeth-
er!”

Other issues remain undecided

The informal sessions also

brought out a number of other
questions for which there are as yet
no ready answers. These included:

m Why isn’t more done to simpli-
fy computer languages?

= How do you persuade a design
engineer who is ‘“afraid” of the
computer to use this important tool ?

® Why is there not greater imple-
mentation of those programs and
ideas that are available?

The legal problems of computer-
aided design also exercised partici-
pants in the institute, particularly
industry’s idea of copyrighting
computer programs. It has been
customary for computer program-
ers to exchange information on an
informal basis. They now see the
possibility of copyrighting as a
threat to this practice.

A spokesman for one firm deeply
involved in computer-aided design
gave his views in this fashion:
“Anyone with a specific problem
can just call his buddy at the com-
pany next door, and his buddy can
in most cases help him out, either
by steering him in the right direc-
tion, or by offering a program he
already has on hand. Usually a deal
of this sort ends up in a ‘horse-
trade’ situation without anyone los-
ing on the deal, least of all the gen-
eral industry and the public.

“Now, if the legal and patent
people become involved through
copyrighting—and they see the liti-
gation that is possible as a result—
this lower-level horse-trading will
be closed up tighter than a drum.
The net result will be a tremendous
duplication of effort all round, in-
creased manpower demands and
higher cost.” = =

Latest in typesetting: Magnetic-tape “print shop”

A new automatic typesetting sys-
tem being offered by International
Business Machines is, in effect, a
one-man print shop on magnetic
tape.

The system consists of four units
—a recorder for storing copy on
magnetic tape, a tape reader, a con-
sole control station, and a composer
that produces the justified copy
but only one operator is needed to
perform the complete direct-print-
ing process.

18

The four units can store and print
about 4000 words—equivalent to a
solid page of newspaper copy. The
magnetic tape makes it possible to
produce the printed copy automat-
ically in any composition format
desired.

The copy is first typed on a modi-
fied IBM typewriter. The typing
action records all printing-machine
functions, such as type selection,
capital shift, paragraphing, spacing
and tabulating in code on the tape.

A 100-foot-long tape can store the
4000 words. The operator can erase
any errors by automatically back-
spacing and typing over them.

After removal from the recorder,
the tape is placed in the reading
unit. Type style and the system in-
structions are selected on its control
panel.

The composer then composes cam-
era-ready copy, according to the for-
mat instructions, at speeds up to
14 characters a second. = =

ELECTRONIC DESIGN 23, October 11, 1966



ONLY 3C OFFERS

30 DAY DELIVERY

ON_THE HOTTEST COMPUTER
IN THE $28,500 PRICE RANGE

DDP-116 computers are now operational in > 4 .
over 50 installations including communica- w H

tions, data acquisition, hybrid and other {O ’r ol b
real-time control applications. Specifications

include: 16-bit word, 1.7.sec cycle, ex-
pandable 4096-word memory and keyboard
with paper tape 1/0 unit.

Software is a proven factor! The compact
DDP-116 offers as many as 134 subroutines
in its ASA FORTRAN IV library. Also, it is
compatible with the DAP assembler and
desectorizing loader. A/D and D/A sub-
systems, a full peripheral line and special
purpose systems capability are available to
extend the flexibility of the basic DDP-116.

Write for full details, or telephone today to
test operate the DDP-116 at a selected 3C
regional office nearest you.

DDP-116
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Honeywell

COMPUTER CONTROL DIVISION
OLD CONNECTICUT PATH, FRAMINGHAM, MASSACHUSETTS

SEE US AT FJCC
Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 13
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New from Spragve!

TRIGATE" PULSE TRANSFORMERS...
the industry’s lowest-cost SCR triggers!

L0AD

SPRAGUE
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This breakdown -diode / transformer trluoring
circuit is a typical application for Type 11212

Trigate Pulse Transformers.
[
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".s:r,"¥
oftus} -

This unijunction-transistor/transformer triggering
circuit is a typical application for Type 11213
Trigate Pulse Transformers.

Dependable enough for industrial
equipment, yet priced for
high-volume commercial applications

Here’s good news for designers of appliances;
lighting controls; air-conditioning and heating
controls; industrial controls. You can actually
cut costs while upgrading your present method
of SCR triggering!

Type 11Z Trigate* Pulse Transformers offer
these unique features:

1. Balanced pulse characteristics and en-
ergy transfer from primary to secondary
and tertiary windings.

2. Minimum saturation effect to allow op-
eration where increased pulse widths are
required.

3. Fast pulse rise time and increased cur-
rent capability to prevent SCR di/dt
failure.

4. Increased energy transfer efficiency.

Designed for operation over the temperature
range of —10 C to +70 C, Trigate Pulse
Transformers are available in 2-winding and

.3-winding configurations for half-wave. and

full-wave applications. Turns ratios include:
1105 108 (60 (s (R0 o o ST

For complete information, write for Engineering Bulletin 40,003
to the Technical Literature Service, Sprague Electric Co.,
247 Marshall St., North Adams, Mass. 01247

*trademark

SPRAGUE COMPONENTS

PULSE TRANSFORMERS INTERFERENCE FILTERS

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

THIN-FILM MICROCIRCUITS
INTEGRATED CIRCUITS

488C-6102R1

CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ' (2)' are registered trademarks of the Sprague Electric Co.

ON READER-SERVICE CARD CIRCLE 14
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“Sound

NEWS

New spectrograph
cuts process time

“Pictures” of sounds are printed
directly from standard magnetic
recording tape in 80 seconds with a
solid-state spectrograph developed
by Bell Telephone Laboratories.

Sound spectrographs have long
been used in research. They can an-
alyze speech, diagnose heart disease
or malfunctioning jet engines, or
check communications equipment.

Earlier spectrographs took five
minutes to produce a spectrogram,
and an intermediate step was re-
quired: the taped data had to be
transferred to plated drums or met-
al loops. With direct printing from
mylar tape, the new model has bet-
ter fidelity and lower background
noise, according to Bell.

In operation, the spectrograph
scans the tape in narrow bands of
successively higher frequencies. In-
formation from each scan is trans-
ferred to electrically sensitive pa-
per, resulting in a graph of fre-
quency and amplitude. For an anal-
ysis of frequencies up to 7000 cps,
the tape is scanned 400 times. Low-
er frequencies are printed at the
bottom of the spectrogram paper
and higher frequencies at the top.
intensity is indicated by
light and dark shading, and time is
read from left to right. Each spec-
trogram represents 2.4 seconds of
sound.

The designer of the machine is
Anthony J. Presti, an engineer
member of Bell’s Acoustics Research
Dept. at Murray Hill, N. J. = =

High-speed spectrograph, developed
at Bell Telephone Laboratories, works
directly from standard magnetic tape.
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And now ... inertial guidance in a suitcase

Portable system aligns navigation platform in carrier
aircraft in seconds, instead of 30 minutes or more.

Neil Sclater
East Coast Editor

Inertial-guidance platforms, won-
derful for navigating, are lazy
about getting started. They must be
warmed slowly and coaxed into
working position. This poses a
problem on the pitching, rolling
deck of an aircraft carrier, with
only minutes available for take-off
preparations under combat condi-
tions.

Engineers at the Arma Div.,
American Bosch Arma Corp., Gar-
den City, N. Y., say this is a good
place to use their Master Reference
System, an inertial navigator in a
suitcase. By feeding essential car-
rier position and speed data into the
portable system and transferring it,
as needed, to the aireraft, sailors
can set up airborne platforms for
flight in about 60 seconds.

At present, alignment of the plat-
form usually takes about 30 min-

REFERENCE UNIT

.
AUTOCOLLIMATOR

BATTERY AND
CHARGER

COMPUTER

POWER SUPPLY

A/D CONVERTER

SERVO ELECTRONICS

GYRO® ACCELEROMETER ELECTRONICS

Master reference system shown in

working position. Arma system, used

on aircraft carriers, will transfer po-

sition and speed from ships’ inertial
navigator to aircraft.
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utes, and, under adverse conditions,
it can stretch as long as 80 minutes.
A cable running between the plane
and the ship’s inertial navigation
system is ordinarily used to feed
such reference signals as latitude,
longitude, velocity and the ship’s
heading into the aircraft navigation
system.

Arma’s portable system, not in-
tended for flight, includes a com-
plete sensing platform, a digital
computer and an electronic control
—all mounted in a case weighing
less than 100 pounds. The system is
being completed under a contract
from the Grumman Aircraft Engi-
neering Corp. of Bethpage, N. Y.

Arma engineers say that minia-
turization was possible because of
the use of two-degree-of-freedom
fluidless gyros and a compact digi-
al computer, constructed largely of
monolithic integrated-circuit mod-
ules.

The portable system consists of
two major sections: the reference
unit/transfer fixture and the elec-
tronics unit.

The reference unit and transfer
fixture, containing the stabilized
platform, is attached directly to
the outside of the aireraft through
access holes. This action connects
the aircraft’s inertial unit to the
portable transfer cable. When the

Digital computer weighs less than 5
Ibs and requires 25-W power. It is
made up of eight plug-in card assem-
blies; 3 logic, 1 input/output, 4 mem-
ory electronics plus a plug-in memory
stack. Outside dimensions are approx-
imately 7 in. by 4 in. by 3 in.

transfer fixture is properly mount-
ed, the autocollimator, mounted on
the reference unit, lines up with a
mirror on the aircraft’s unit. The
operator observes the autocollima-
tor output on a null meter and
manually reduces any misalignment
in azimuth between the two units to
less than 1.0 minutes of arc.

The electronics unit is placed on
the deck near the operator and is
connected by cable with the refer-
ence unit and transfer fixture. It
has a self-contained power supply.

The reference unit-transfer fix-
ture weighs only 25 pounds, light
enough to be carried by one man.
More than 40% of the total 100-
pound weight of the system is in
the carrying case and combination
battery and battery charger.

The reference unit contains the
three-axis stabilized platform,
which carries two 2-axis gyros and
two inertial quality accelerometers
whose sensitive axes are leveled
and aligned to north and east. The
transfer fixture is used to orient the
azimuth axes of the portable plat-
form and that of the aircraft navi-
gato in order to permit rapid trans-
fer of azimuth synchro signals.

The electronics of the system in-
clude a digital computer, analog-to-
digital converter, power supplies,
battery and other circuitry for nav-
igation computation, gyro drift
auto-compensations, mode control
and data display.

Master Reference System mock-up
showing components in storage posi-
tion. The L-shaped unit (right fore-
ground) is reference unit/transfer
fixture that is lifted out and attached
to the aircraft. The platform is con-
tained within the 8-in. sphere.
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(suitcase guidance, continued)

I..-.. Gyros: One or two degrees of
DAMON l.. .. UEX0 Noise freedom. Which is best?

In an inertial navigation sys-
Power Sp!ttrllm tem, motion must be controlled
about three axes. The design-
er generally has two options:
three single-degree-of-freedom-
gyvros (SDF) or two two-degree-
of-freedom gyros (TDF). The ad-
vantages and disadvantages of
both approaches have been de-
bated by many people. So far the
debate is a stand-off.
In terms of attainable per-
3 formance in systems, both appear
Nmfe P I A . equivalent. In simple terms, it is
. typically —120 db or . largely a matter of two relatively
1 0.001 cps deviation at Te. costly TDFs as against three
"- ----. SDFs whose individual cost is

e
.---.-----‘L‘.“-...-.. slightly less.

e Tk T e Most £gyro manufacturers tend

DEPARTURE FROM CENTER FREQUENCY to fall into one or the other of
these camps. Single-degree-of-
freedom proponents include the
Instrumentation Laboratory at
Massachusetts Institute of Tech-

{ J
nology, Honeywell, A.C. Spark
Plug Division of General Motors

and Nortroniecs. Arma Corp is in

the two-degree-of-freedom camp

Voltage Controlled along with Litton Industries and
S the Autonetics Division of North
Crystal Oscillators American Aviation. Some, like

General Precision, Inc. and
Sperry Gyroscope Co. cover both
sides.

for an Important Reduction in Phase lJitter Dr. Bernard Litman, program
manager at Arma, says that the
Another FIRST from DAMON . . . Low Noise VCXOs with use of two gyros and only two ac-

celerometers along with advanced

extremely low phase-jitter (—120 db or 0.001 cps deviation af ; ; g
IC circuitry permitted the com-

Tkc.) This excellent short term stability is typified in the VCXO pany to obtain the desired char-

output spectrum illusirated, above. acteristics in a suitcase-sized
Damon Low Noise VCXOs may now be inserted into systems i

as simple components with no auxiliary compensating circuitry.

Only a source of power and a control signal are required. MOTOR
Applications include: Doppler Radar (CW, CW-FM, FM and DRIVE SHAFT

Pulse Doppler); Phase Locked Receivers and Transmitters; Dop- Z;IEOXTS

pler Simulation and Compensation; Frequency Synthesizers and
other applications requiring electronic frequency control with

crystal stability and extremely low phase jitter.

Write for Data on Low Noise VCXOs ROTOR
GIMBAL PICKOFF COILS
DAMON ENGINEERING. INC T
L] . used in the Arma Master Refer-
240 HIGHLAND AVENUE, NEEDHAM HEIGHTS 94, MASS. ence System s shown. in  this

simplified drawing.

(617) 449-0800
Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 15
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The calibration alignment and
navigation computations are per-
formed by the digital computer.

Alignment of the portable system
is accomplished by use of the ship’s
inertial navigation system for lev-
eling and self-gyrocompassing for
azimuth. The local vertical refer-
ence is obtained by comparing the
ship’s velocity outputs, modified by
relative velocity computations, with
the integrated outputs of the
reference-unit accelerometers. Dif-
ferences in the match of velocity
signals yields an error signal to
torque, or force, the platform to a
matched position. Modified gyro-
compassing is used to accomplish
north alignment. Platform misalign-
ment in azimuth is corrected by
compensating for tilt, as deter-
mined by the difference between the
north accelerometer and the ship’s
north signal.

Transfer alignment is made after
the transfer fixture is attached to
the aircraft and electrical intercon-
nections are made. Azimuth trans-
fer is done with synchro signals.

The computer is a simple, gener-
al-purpose microcircuit unit that
has a wired-in program memory. It
is organized for whole-number, sin-
gle-address serial operation with an
18-bit word length. With a compu-
tation speed of 225 bits per second,
the computer includes 1792 words
of random-access magnetic core
memory for operational programs
and constants, plus 256 words of
scratch-pad memory. With the ex-
ception of parts of the memory and
clock pulse generator, the elec-
tronics of the entire unit is made up
of transistor-transistor logic IC
modules.

The A/D converter is used to con-
vert reference-data analog velocity
and synchro signals to a usable
form for the digital computer. It
also uses monolithic ICs similar to
those in the digital computer.

Dr. Bernard Litman, the system’s
program manager, said that while
the concept was being developed
primarily for carrier-based air-
craft, it could be adapted for use
with land-based planes or missiles,
where the alignment time for the
inertial navigator was critical. = =
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basic measuring tools from

HEWLETT

PACKARD

hp 3439A Plug-in Digital Voltmeter

versatile, 4-digit DVM—for only $950

accuracy better than =0.05% of reading =1 digit, £15°C to =40°C
with line voltage variation of =£10%

5% overranging, high ac rejection (30 db at 60 Hz)
signal common floatable up to 500 v dc from chassis ground

automatic ranging

Use it for

mv to kv dc autoranging voltage measurements: thermocouple, bridge
measurements, production and maintenance testing

ra to a dc current measurements: power supply currents, collector
and base currents, leakage currents

mv to kv ac voltage measurements: average responding (rms with hp
3440A), servo measurements, turns ratios

ohms to megohms resistance measurements
programmable ac, dc voltage ranges

Plug-in capability makes this DVM an
economical bench instrument with a wide
range of uses. The basic instrument,
priced at $950, offers high accuracy, dc
isolation, speed (readings in a fraction
of a second), ac rejection, economy, re-
liability. Plug-ins permit manual range
selection 10 v to 1000 v full scale
(3441A); automatic range selection with
remote range feature (3442A); measure-
ment ranges 100 mv to 1000 v full scale,
with automatic and remote ranging
(3443A); voltage (100 mv to 1000 v),
current (100 wa to 1 amp) and resistance
(1000 @ to 10 MQ) measurements
(3444A); ac/dc measurements, 10 v to
1000 v full scale with manual, automatic

HEWLETT h

and remote ranging (3445A), and re-
mote function and/or ranging (3446A).
Plug-ins priced from $40 for the manual
ranging unit (required) to $525 for the ac
unit and $575 for the multi-function unit.

Your Hewlett-Packard field engineer
will give you a demonstration of the volt-
meter and the plug-ins most useful for
your application. Just give him a call.
Or write for complete specifications to
Hewlett-Packard, Palo Alto, California
94304, Tel. (415) 326-7000; Europe:
54 Route des Acacias, Geneva.

Data subject to change without notice.
Prices f.o.b. factory.

 PACKARD

An extra measure of quality

ON READER-SERVICE CARD CIRCLE 16
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Audio/video system checks into hospitals

Systems engineering results in simple yet flexible
system for TV, intercom and patient monitoring.

Hospital patients in many parts
of the country are now using tele-
vision for both audio and visual
communication with their nurses
as well as for private entertain-
ment. The system has been devel-
oped specifically for hospital use
by Bell Hospital Systems of
Bridgeport, Conn.

Actually, the system is two sys-
tems in one. SteriVision, as one is
called, provides the patient with
his own television receiver. The
other, SteriCall, allows the patient
to use his TV set for remote com-
munication with his nurses. Both
systems operate from a single co-
axial line at the patient’s bedside.

Systems engineering used

SteriVision was designed to
eliminate as nearly as possible all
the objectional aspects of conven-
tional hospital TV. This required
not only that the patient be borne
in mind, but also the doctors,
nurses and hospital administra-
tors.

The end result is a system that
includes the following:

Master antenna system

Amplifier system

Mixing system

Broadcast system

Power and

stand-by power system

Receiver

Receiver positioning system

Power and signal cabling

The master antenna system is an
array that has a separate tuned
element for each TV station broad-
casting in the area. The antenna
signals are fed to the amplifier
system, which contains a separate
transistorized amplifier for each
station received. Each amplifier is
tuned to pass the signal of only
one TV station. During installa-
tion the gain of the amplifiers is
adjusted so that all deliver the
same output signal level. The out-
puts of the amplifiers are com-
bined into a single composite sig-
nal in the mixing system. This sig-
nal is distributed throughout the

O T T T T
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Head end of SteriVision system includes master antenna console (left) atop
stand-by power console, and open console (center) containing signal amplifiers

for each TV channel. At lower right are the broadcast system FM tuners.
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hospital by a coaxial cable.

The broadcast system consists of
one or more FM tuners, tuned to
local radio stations. Their outputs
are sent over the same coaxial
wire as the television signals, and
are heard on unused channels on
the patients’ TV sets.

The coaxial wire also carries 12-
volt dc power to power the TV re-
ceivers. A special network built
into the room outlets separates
the de power from the RF signal
and allows inclusion of a power
circuit breaker in the outlet. The
de power comes from a 12-volt
supply that operates from com-
mercial power. A stand-by battery
source is automatically switched
into operation should the commer-
cial power fail.

The receivers used for the Steri-
Vision system are commercially
available units with 5-inch
screens. Modifications to the sets
include removal of the power sup-
ply, which is not needed, and re-
moval of the speaker. The patients
listen in using disposable head-
sets.

The specially designed receiver
positioning system allows the re-
ceiver to be positioned within four
feet of any bed post. The receiver
“floats” at the end of a positioning
arm; it can be tilted in any direc-
tion and swiveled through 360 de-
grees.

SteriCall complements SteriVision

The SteriCall system uses the
TV receiver and circuits of the
SteriVision system, plus addition-
al intercom and signaling equip-
ment. A master station at the
nurses’ desk and a station at the
patient’s bed allow the patient
both to signal and talk to the
nurse. A kinescope at the master
station permits the nurse to be
seen on the patient’s TV screen as
they talk. If desired, the patient’s
TV receiver and the nurses’ kine-
scope can be interchanged, so that
the nurse can monitor a patient
constantly without leaving her
desk. = =
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Laser gyroscope measures Navy’s roll, pitch and yaw

A three-axis laser gyroscope has
been delivered to the Navy’s Ord-
nance Test Station, China Lake,
Calif. The Navy is conducting a
series of tests to determine the gy-
roscope’s ability to sense a ship’s
roll, pitch and yaw precisely. The
unit was designed and built by Ho-

neywell’s Military Products Div.,
Minneapolis.
Several companies have been

active in the development of laser
gyros—Sperry Gyroscope and Au-
tonetics, to name two. The big
problem to be combated is a phe-
nomenon known as ‘“lock-in,” a
tendency of the gas in a laser tube
to lase in phase. This prevents the
laser from measuring extremely
slow rotation rates.

The laser gyroscope works by
measuring the beat rates between
two waves that propagate in oppo-
site directions within the same
rectangular or triangular tube.
When the laser is not rotating, there
is no beating and the waves travel-
ing in each direction in the tube are
indistinguishable. When the tube

starts to rotate, the effective path
length of one wave lengthens by the
distance that the laser moves dur-
ing the time it takes the wave to
travel around the tube. Similarly,

Three-axis laser gyroscope uses me-
chanical biasing to keep beams from
locking in phase at very low rates of
rotation.

the effective path length of the wave
that propagates in the opposite di-
rection shortens by the same
amount. At low angular velocities,
however, the two path lengths
differ very slightly and the two
waves tend to lock on to each oth-
er.

Honeywell overcomes this prob-
lem by mechanically biasing the
lasers. They vibrate the lasers to
keep them moving and prevent the
waves from locking in phase.
Sperry Gyroscope of Great Neck,
N. Y., has been working on a meth-
od of optical biasing. It uses Fara-
day biasing cells that provide a
false signal to give the effect of
moving the ring. Its working unit
is due to be ready within a few
months.

The Honeywell unit has meas-
ured as small a rate of angular ro-
tation as 0.1 degrees/hour, accord-
ing to the company. It reports that
it has maintained this fineness of
measurement during runs of more
than an hour. Sperry anticipates
similar results. = m

Electronically controlled pellet gun
shoots back at Army marksmen

= 4‘;:-,1.\-.‘«-' ot i s
The marksman stalks his quarry.
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Riflemen just don’t behave the
same when their targets fire back
at them, according to human engi-
neers at the Army’s Aberdeen, Md.,
Proving Ground.

Wearing headgear that contains
a fan for ventilation and elec-
trodes to measure heartbeat, the
riflemen fire at targets that appear
at random and return their fire.
The targets are electronically
controlled to pop up and down, and
an electronically controlled BB
gun shoots at the marksmen. The
BB gun has a sawed-off barrel and
rests behind sandbags. It is pow-
ered by CO, cartridges.

Recorders register the times of
target appearances, the number of
shots fired by the riflemen, the
number of shots fired by the sawed-
off BB gun, and the number of hits
scored by the riflemen. No record
is kept of the number of hits.

The vital organs of the human
marksmen are protected by pads
but the BBs sting when they hit
unprotected areas. Even when
they miss, the BBs strike a ply-
wood backstop, making a loud
clack. The BB gun fires at the
shooters every half second.

The threat of return fire places
the soldier under much greater
stress than he encounters when he
fires at passive targets, according
to the human engineers. In fact,
they say, the stress persists even
when the gun doesn’t fire back. m =
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A NATIVE-BORN SON

We like to mother our UNIBLOC* plastic-
packaged transistors all the way through produc-
tion. Call us overprotective, say we’re spoiling them
if you want, but it doesn’t add a thing to the cost
— only to the quality. Besides, that’s the way we
like to do business; and, we’re sure, the way you
like us to do business, too!

We make our UNIBLOC-packaged transistors
in high volume, right here in Phoenix, Arizona —

~ whene the priceless ingredient & cane!

plastic semiconductor center of the world! We don’t
use low-cost foreign labor to make them inexpen-
sive. No frequenting of border towns, either, just
to be close to home.

Here at home, we can give close engineering
supervision during manufacture; and, when they
are completed, we have our complete huge Quality
Control facility right at hand for all quality testing.

It’s the kind of care only a mother could give.

*Trademark Motorola Inc.

MOTOROLA

Semiconductor Products Inc.

MOTOROLA SEMICONDUCTOR PRODUCTS INC. e P. O. BOX 955 ¢ PHOENIX, ARIZONA 85001 e (602) 273-6900 e TWX 9100951-1334

Speed Inquiry to Advertiser via Collect Night Lerrer
ON READER-SERVICE CARD CIRCLE 18

ELECTRONIC DESIGN 23, October 11, 1966

27




NEWS

Silicon increases diode light output

Silicon dopant in the active re-
gions of gallium-arsenide electro-
luminescent diodes has tripled
their light-producing abilities.
They have typical efficiencies of

about 6 per cent, as compared with
1 to 2 per cent in earlier zinc-
doped versions.

Scientists at the International
Business Machines Corp., develop-
ers of the new technique, report
that the key to the diode’s per-

formance is the use of silicon as
both an n-and p-region dopant.

According to the IBM scientists,
light emitted by the new devices
has lower frequency than that

from zinc-doped diodes. They also
say that another characteristic—
lower internal light absorption—is
the probable reason why light out-
put is
diodes.

The solution regrowth technique

improved in silicon-doped

Light from a gallium-arsenide electroluminescent diode doped with zinc offers
about 1 to 2 per cent efficiency (left). Light-producing ability is tripled when

silicon is used as the active dopant (right).

used to fabricate the diodes calls
for close temperature range and
cooling cycle control. Silicon is in-
corporated on the gallium sites of
a 40-micron thick layer. Silicon is
then incorporated on arsenide sites,
where it acts as an acceptor.

After the structure has been
formed, the p side is reduced to a
thickness of 50 to 60 microns, and
external zinc diffusion forms an
ohmic contact.

Light emission occurs across the
entire 50-micron thickness of the p
layer, rather than over the typical
2 to 3 microns in zinc-doped
diodes. The width of the recombi-
nation regions is believed to be an-
other reason for the high efficiency
of the diodes. But it also causes
the relatively long turn-on time of
about 200 ns.

The energy peak of the light
from the diodes at room tempera-
ture is at 9300 A. This emis-
sion 1is virtually independent of
current through the diode.

The research was supported in
part by the Army Electronics Com-
mand, Ft. Monmouth, N. J. = =

Fluidic integrated DDA the size of a cube of sugar

An integrated fluidic differential
digital analyzer one inch square by
6/10 inch can solve relatively simple
differential equations.

Little balls move up and down in
cylindrical holes so that the opera-
tor can follow counting and
adding operations visually.

The unit is fabricated from
many thin sheets of beryllium cop-
per that have etched channels for
the flow of fluid (in this case air).
The unit contains 132 individual
devices that are interconnected by
passageways that run through and
across the layers.

The main advantage of the mini-
aturization of fluidic devices is the
resulting improvement of response
speed. The operating rate of fluidic
devices is seriously limited by the
total pathlength. The fluid must
travel considerably less than the
speed of sound.

This device was developed by
Martin-Orlando for the Harry Di-
amond Research Labs, Washing-
ton, D. C. = =
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Digital differential analyzer can calculate areas under simple curves.
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NAND logic is old hat.

We’ve invented SDS Natural Logic for our T Series

integrated-circuit modules. It’s a comprehensive
set of gating structures that permit the terms of any
Boolean logic equation to be converted directly
into hardware.

Now you won’t have to manipulate equations to
make them fit the restrictions of NAND or NOR
gates. With Natural Logic the hardware fits the
equations without unnecessary inversions.

With NAND logic you are
stuck with only this, no
matter what the equations

call for. \{/

So you won’t need nearly as many circuits to
build your logic system. Your system will cost you
a lot less. It will be faster and more reliable. It will
be easier to mechanize. And it will take up less
room.

Naturally.

Scientific Data Systems
1649 Seventeenth Street, Santa Monica, California s D{s

Offices in principal cities throughout the world

With T-Series NATURAL
logic you have all these to
choose from at a lower
price per circuit

:
: > Birfferad
Q= AND Gate
4 :
B Buffered
Q= OR Gate
A
Q
B
Buffered
Q = A*B NAND
Anmqy
paa=rd
— )
Q
c Q = A*B + C*D
D Buffered AND/OR

e

CilE e
D = A°B + C*D
Inverted AND/OR
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‘ IRROVATIONS l)

[l SWITCH TO THE SWITCH
WITH THE MOST STABLE
TRIGGERING VOLTAGE

Try a new G-E Silicon Unilateral or
Silicon Bilateral Switch. SUS’s and
SBS’s are kind of like 4-layer diodes
except that they are actually planar in-
tegrated circuits rather than “stacked’
structure devices.

How do they differ? The SUS
switches on in only one direction
whereas the SBS—actually two SUS’s
integrated on the same pellet—switches
in either polarity . . . and with excep-
tionally good symmetry. Both feature
triggering voltages in the 6- to 10-volt
range that are virtually unaffected by
temperature changes.

SUS’s and SBS’s are excellent de-
vices for triggering SCR’s and bi-
directional thyristors (Triac’s). Light
dimmer and speed control circuits are
naturals for them, as are simple ring
counters that can be designed to count
up to 50 kHz. Circle Number 811 on the
Reader’s Service Card if you’d like
more product and application facts.

Il WHAT'S THIS? A 40¢
POWER TRANSISTOR?

That’s just what you get
when you specify new
G-E 2N4054 through
2N4057 devices 3
from 150 to 300 volts in
G.E.’s newest compact,
silicon economy pack-
age for prices as low as
40 to 59¢ (in lots of
100,000 or more).

Looking for indus-
trial uses? Try these
new NPN transistors
as high-voltage differential and oper-
ational amplifiers . . . or as Nixief
Tube drivers . . . or as high-voltage
power supplies. Operating temperature
ranges from —55 to +150 C. Beta is
between 30 and 90 at 50 milliamps, 10
volts. And the new transistors can
amplify up to 25 Megahertz.

Actual size
G-E D27
device

What about commercial applica-

1 Trademark of Burroughs Corporation.
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IN SEMICONDUCTOR PRODUCTS

Over 400 pages on the
industry’s broadest SCR line

Everyone needs a standard refer-
ence manual. And this is the one
when you’re looking for facts
about Silicon Controlled Rectifiers.
Already G.E.’s well-known SCR
Manual is in its Third Edition,
and over half its content is pre-
viously unpublished application
information.

Use the G-E SCR Manual to
look up useful circuit and applica-
tion information. Special related
devices are covered in detail, too

. . devices such as G.E.’s light-
activated SCR. And there’s a
special chapter on the reliability
aspects of SCR’s. .

If you haven’t already gotten
one for yourself, order your copy
now. The price is just $2.00. Circle
Number 813 on the Reader’s Ser-
vice Card.
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% watt output (100 mv input)
TV avdio circuit using new 2N4056 transistor

tions? Look how easy it would be to
mount this package in a printed cir-
cuit board! No extra hand-soldered
leads to waste assembly time. You can
use them to deliver 1 watt to the loud-
speaker of TV receiver Class A audio
output stages, phonographs, tape re-
corders, intercoms or radios. Circle
Number 812,

G-E 2N4054 Series Minimum Electrical Ratings

2N- | 2N- | 2N- | 2N-
4054 | 4055 | 4056 | 4057

Vces (lc =10ma) volts [ 300 (300 | 240 | 180

Vceo (lc =1.0ma) volts | 300 | 250 | 200 |150

Veso (le =100 ua) volts 7 7 7 7.

Ic ma [100 | 100 |100 |200

P7(70 C case tempera- 4 4 4 4
ture) watts™

hre (lc =50ma, Vce = 30 30 30 30
10v) T

Vce(sat) (le =2.5ma) 25 25 2.5 25
volts

* Derate 50 mw/°C i
above 70 C.

1 Pulsed conditions at 2% duty cycle 300 usec
pulse width.

in case

More information on all G-E semiconductor
products—one more example of General
Electric's total electronic capability=——can be
obtained by calling your G-E engineer/
salesman or distributor. Or write to Section
220-41, General Electric Company, Schenec-
tady, N. Y. In Canada: Canadian General
Electric, 189 Dufferin St., Toronto, Ont.
Export: Electronic Component Sales, IGE Ex-
port Division, 159 Madison Ave., New York,
New York.

GENERAL @3 ELECTRIC
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Aerospace firms look to Europe
ey

ESRO may become U.S. market

U.S. aerospace manufacturers may find a
market for their products in the European
Space Research Organization (ESRO). ESRO
requires that contracts be spread evenly
among participating nations—of which the
U.S. is not one. But the working-level ESRO
scientists are impatient to buy U.S. hardware
and look forward to the organization’s easing
its restrictions. They believe that their modest
budget—$280 million over eight years—
would go further in the U.S. than in
Europe. They say that in the U.S. they

would be able to buy what they want off

the shelf, whereas in Europe they will

not only have to wait longer for the goods
but also pay for their development.

European scientists, shopping around
Washington recently for free ideas, claimed
that ESRO’s budget was enough to give
European industry no more than a nibble

at an exciting technology. State Dept.
officials remain close-mouthed about the
situation, referring only to NASA’s
programs of international cooperation.
Commerce Dept. spokesmen, however, are
more sanguine about what may become

a much enlarged market for U.S. aerospace
firms. Privately they concede that the ESRO
governments may more readily relax their
rules if the State Dept. stays out of it.
Meanwhile, Commerce Dept. officials are not
reluctant to show the Europeans what U.S.
companies have to offer at low prices.

Some “Made in U.S.A.” hardware will soon be
on view at the newly inaugurated launching
site near Kiruna, Sweden, 100 miles above
the Arctic Circle. It will be brought there,
however, by individual teams of participating
nations, who will be using the facilities

on a tenant basis. A West German team,

for instance, will conduct a program with
U.S. Nike-Apaches, considered far more
effective for the money that the Germans
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paid for them than their European
counterparts—Britain’s Skylark and France’s
Centaur. It is these nonetheless that

ESRO would have to buy to conduct

a program of its own.

Big opening for oceanics in Europe

The Commerce Dept. is promoting Europe’s
mushrooming underwater programs as an
important market for U.S. manufacturers
of oceanic equipment. At the same time,
The Bureau of International Commerce
(BIC) is spreading word in Europe of the
terrific products that U.S. firms have

for sale. As a further boost, BIC is
sponsoring an exhibition of U.S.-made
ocean equipment and instrumentation at
the U.S. Trade Center in Frankfurt, West
Germany, Nov. 2 through 9. The Commerce
Dept. is urging U.S. companies—mostly
electronics-oriented—to send products and
representatives. BIC has tagged the week-long
show “a rare opportunity to establish liaison
with policy-making and purchasing agents
of marine exploration groups” in Europe. It
has prepared a comprehensive study of the
European oceanics market available to
interested manufacturers.

BIC’s study calls Europe a “prime market for
marine equipment and services” and
implies that it has outstripped the U.S.
as a sales field. For its part, the
Commerce Dept. says: “In Europe private
and government groups are heavily involved
in well-budgeted oceanographic studies;
many of these organizations have gone
beyond the basic research stage on to
commercial enterprises.” It adds: “The
results of marine research are being applied
to many areas, including fishing, marine
meteorology, oil/gas exploration, ocean
mineral development, salvage operation and
corrosion metallurgy.”

BIC’s study describes the West German
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market in detail as an example of the
potential in Europe. It also spotlights the
market in the U.K. and touches on eight
other countries.

Auto safety agency in first gear

A new National Traffic Safety Agency has
begun to function, but its operation is still
on a very limited scale and is likely to remain
so for some time to come. Its administrator,
Dr. William J. Haddon, a physician formerly
involved with New York safety programs,
has not yet been confirmed by the Senate,
although no hitch is anticipated. Nor have
any funds been made available so far for
the agency, which is expected to be
transferred into the domain of a proposed
new Transportation Dept.

Meanwhile Dr. Haddon and his assistant,
Dr. Robert Brenner, have set up shop in

a temporary, partitioned-off section of the
Commerce Dept. Building on Federal Triangle,
Washington, D. C. Their staff at present
is miniature, but they are expected to
borrow additional personnel from existing
agencies whose functions they will take
over. Some Bureau of Public Roads people,
who have been engaged on the National
Driver Register and on safety in highway
design, may be assigned to the agency on
loan, for instance.

The agency, set up under legislation

that came out of this summer’s hearings

on automobile safety, is within the purview
at the Commerce Dept. of Alan Boyd, Under
Secretary for Transportation and former
Federal Aviation Agency Administrator.
Boyd and his staff have made no secret of
their commitment to electronics in highway
safety, driver education and testing, and
other areas where the new agency will have
competence. Should a new Transportation
Dept. be set up, Boyd is looked upon as its
most likely first chief.

EIA to hear aerospace role in cities

The National Institute of Public Affairs
has chosen the fall conference of the Electronic
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Industries’ Association as the forum at which
it will make public its report on the “California
aerospace experiments.” Those were contracts
awarded last year, under which five major
aerospace companies applied their military-
space-systems approach to the solution of
urban and social problems. The report,
sponsored by the Ford Foundation, is
expected to praise the experiments. The
White House is expected to use it to

back up an order to government agencies
that the advanced technology and systems
management must be applied, wherever
possible, in fulfilling Federal contracts

in urban development, transportation,
pollution control, housing, education and
other nonspace, nonmilitary fields.

Officials of both the Aerospace Industries’
Association and the National Security
Industrial Association admit privately

that it is a feather in the electronic
industry’s cap that the EIA meeting in
San Francisco, Oct. 17-20, was chosen for
formal presentation of the report. They
view the choice as an indication that the
report will come out in favor of electronic
firm’s recent moves into such rapidly growing
nontechnical areas as highway safety, crime
control, high-speed ground transportation
and pollution abatement.

EIA ready to play new parts

The pat on the back that the electronic
industry anticipates at San Francisco will not
catch the EIA unprepared. The association
has made a number of studies analyzing
various areas of Federal activity and their
potential for the industry.

In August, John Sodolski, staff manager

of the EIA Requirements Committee, put
out a 6,000-word analysis of one such area—
medical electronics. It took particular notice
of new hospital systems and the role

of all levels of government in them, as

well as of such predictable items as remote
biosensors and cardiac pacers. Sodolski told
EIA members: “The Federal Government
has increasingly been funding programs
directed at what it considers to be major
national problems of an economic and social
nature.” He added: “The Federal Government
is in the process of spending, or planning

to spend, billions of dollars in areas such as
transportation, education, crime prevention,
water and air pollution and medical facilities,
among others.”
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Fast convenient

direct reading
measurements of

impedance and

phase angle 500 kHz
o 108 MHz...

THE 4815A RF VECTOR IMPEDANCE METER

This new Vector Impedance Meter is a
versatile instrument that provides fast,
direct reading measurements of imped-
ance and phase angle over the frequency
range from 500 kHz to 108 MHz. It is
continuous tuning over this frequency
range, and does not require balancing or
data interpretation. Thus, it is an ex
tremely useful tool for the evaluation of
the complex impedance of both active
circuits and components. The conven-
ience of probe measurement, ease of
operation, and direct reading features
make the instrument equally useful for
laboratory, receiving inspection or pro-
duction line measurements.

The 4815A is a convenient and powerful
measuring tool for any application in-
volving measurements over a band of
frequencies or in-circuit measurements.
It may be used to determine the self-
resonance point of capacitors, the series
and parallel resonance points of crystals,
or the characteristics of high frequency
transformers and transducers. Price:
$2650 f.0.b. factory. For complete spec-
ifications, contact your local Hewlett-
Packard field engineer or write Hewlett-
Packard, Rockaway Division, Green Pond
Road, Rockaway, N. J. 07866; Europe:
54 Route des Acacias, Geneva.

Advantages:

Fast, continuous tuning from
500 kHz to 108 MHz

Provides data directly in impedance
and phase angle, 1 ohm to 100K ohms
0 to 360°

Convenient probe for in-circuit measurements

Analog outputs permit permanent
data recording

Self calibration check provides

measurement confidence *

Low-level test signal minimizes
circuit disturbance

HEWLETT (hp) PACKARD
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Step-Ahead Electrical Performance

«Solid triggering capability to 90 MHz, as

shown above.

- New horizontal amplifier permits linear 5

nsec/cm sweep speed.

» Maximum stability with 100% solid state cir-

cuitry.

« Premium components—capacitors, potenti-

ometers and metal film resistors.

« FET input amplifiers for exceptionally low

drift, quick 15-second warm-up.

- Operates on 115 or 230 volts, 50-1000 Hz,

only 95 watts—convection cooled.

*New hp CRT design permits 3 v/cm drive;
therefore, vertical amplifier is smaller, lower
power. Amplifier drives CRT vertical deflec-
tion plate directly. These features provide ex-

tended bandwidth capability.

» DC coupled Z axis input.

- New etched circuit delay line for clean pulse

response—minimum weight and size.

Rugged Design for Use Anywhere

+Aircraft-type frame construction for maxi-
mum ruggedness with minimum weight.

« Easy-to-get-at circuits—covers snap off.

«Conveniently-grouped controls are easier to
see, easier to operate.

« Operates with confidence at -28°C to +65°C,
95% relative humidity to 40°C, 15,000 feet.

. Withstands shock and vibration—built for
portable use.

«Scope with plug-ins weighs only 30 pounds.

«8" x 10" cabinet, or 5%4" x 19” rack mount
models.

(EWLETT hp PACKARD

An extra measure of quality

Getthe BIG picture! Write or call for your demonstration,
today! Hewlett-Packard, Palo Alto, California 94304, Tel.
(415)326-7000; Europe: 54 Route des Acacias, Geneva.
Price: hp Model 180A Oscilloscope, $825.00; hp Model
180AR (rack) Oscilloscope, $900.00; hp Model 1801A
Dual Channel Vertical Amplifier, $650.00; hp Model
1820A Time Base, $475.00; hp Model 1821A Time Base
and Delay Generator, $800.00, f.o.b. factory.




SEE MORE! | )

NEW 180A OSCILLOSCOPE

Get Big Picture Displays,
Plug-In Versatility,

1009 Solid State Circuitry,
Superior Performance,

In a New 30-Pound Package
For Field, Laboratory and D 0 M 0 R E! }

Production Applications

HEWLETT hp, PACKARD

An extra measure of quality
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More Performance Than

ACCESSORIES

5 7?-‘?_’;“?- Py

1118A Testmobile, $95.00

197A Camera, $475.00

10176A Flexible Viewing Hood, $7.00

10166A Panel Cover, $25.00

10167A Carrying Cover, $20.00

10004A 3'4-foot 10:1 Divider Probe, $35.00

10110A BNC Male to Binding Post Adapter, $5.00

10360A Camera Adapter for hp 196A/B Camera, $15.00
10361A Camera Adapter for Tektronix C12 Camera, $15.00
10362A Camera Adapter for Tektronix C27 Camera, $15.00

Any Other Sc
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these new
strip-chart
recorders take
the downtime
out of
Industrial
recording

Four new strip-chart recorders are now available from Hewlett-
Packard; 6-inch one or two pen models and 11-inch one or two
pen models. Design techniques including solid-state circuits
and precision reference allow reliable, trouble-free operation.
True modular design makes possible rapid interchange of mod-
ules on line with minimum downtime. Oversized inkwells and
disposable pen tips provide inexpensive writing convenience.
(Or you can have inkless writing on inexpensive electrosensitive
paper for long-term unattended monitoring applications.)

The modular design also lets you order a low-cost recorder that
is tailor-made to fit your application. You have a choice of sensi-
tivity and speed.

As options you can use up to 6 limit switches, electric pen lift,
event markers, and retransmitting pots. Other options include
air purge, individual-remote pen lift, remote chart drive, electric
writing, and jump speed chart drives. Two 6-inch instruments
may be mounted side by side in a single 19-inch relay rack.
Standard features include guarded and floating inputs with high
CMR and solid-state construction with zener reference. The

HEWLETT

PACKARD

removable chart magazine tilts out 45° for easy notations and
front loading.

It all adds up to recorders that stay on the job, not the repair
bench.

Call your Hewlett-Packard field engineer for complete informa-
tion. Or write Hewlett-Packard, Palo Alto, California 94304,
Tel. (415) 326-7000; Europe: 54 Route des Acacias, Geneva.
Data subject to change without notice. Prices f.0.b. factory.

SPECIFICATIONS

Sensitivity: Choice from 1 mv to 100 v full scale
Chart Speed: Choice from 0.5 in/hr to 10 in/min
Accuracy: 0.25% with 0.5 second balance time

Input Impedance: Potentiometric 1 mv to 100 mv; constant 1 MCQ above 100 my

Prices: 6-Inch Recorders 11-Inch Recorders
Single pen: 5701A . . ... $ 825.00 5703A..... $995.00
Dual Pen: 5700A . ... $1325.00 5702A..... $1895.00

 MOSELEY
DIVISION
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NEWS

Laser may switch high RF power

The laser is being considered for
triggering a high-microwave-power
switch. Metal within a vacuum
would be used to ionize metal at
precise intervals, and the plasma
formed would be used as a trans-
mission path.

The investigation is being con-
ducted at the Cornell Aeronautical
Laboratory, Buffalo, N. Y. under
the sponsorship of the Rome Air
Development Center, Griffiss AFB,
N. Y. Preliminary research by Dr.
A. S. Gilmour of the Cornell labo-
ratory has shown that a precisely
controlled laser beam creates a
gaseous plasma when it is focused
on one of the electrodes of a
switch within a vacuum chamber.
High current through the switch

is conducted on the plasma, and
conduction is maintained in the
resulting arc until the power
source is discharged. Dr. Gilmour
said that with the use of a ruby
laser approximately 10 megawatt
pulses 1 to 10 microseconds in du-
ration had been produced. He be-
lieves the concept can be applied to
power switching in ultra-high-pow-
er radar modulators where precise
pulses are required from a single
power source and power levels are
too high for existing pulse-form-
ing network switching tubes.

Cornell laboratory engineers point
out that the experimental switch is
one of the first applications of the
laser as a component of electronic
circuitry. = =

Experimental laser-actuated switch has possible application in high-power
radar transmitters. Ruby laser beam at right is focused on electrodes in the
vacuum chamber. The resulting plasma switches the power.

Robot chemist performs laboratory tests

An electronic robot is now able
to perform many ordinary chemi-
cal laboratory tests that formerly
had to be done by technicians.

Solid-state sequential logic cir-
cuitry controls various solenoid-
triggered air valves, liquid pumps
and indexing mechanisms for slid-
ing racks and a rotating tray that
hold test tubes. As the robot oper-
ates, probing pipettes dip into test
tubes and suck up preset amounts
of the sample; plastic tubes carry
drops of reagent to be mixed with

ELECTRONIC DESIGN 23, October 11, 1966

the sample. Test tubes and pipettes
are then promptly washed, dried
and rewashed to ensure that resid-
ual droplets of reagents or sam-
ples do not contaminate later
tests. The machine evaluates the
chemical by comparing its light
transmission with that of a control
sample. The output is digital, and

it is printed on a paper tape.
The Robot Chemist was designed
by Warner-Lambert Pharmaceuti-
cal Co., Richmond, Calif., to dupli-
(continued on p. 36)

Tube cutting
headache?

Pt

Forget it!

Let
Art Wire
do it.

Tubing cut to precise spec is another
of those maddening jobs that are best
farmed out and forgotten. Art Wire can
probably do the job a lot faster than
you can. Our Automatic machines are
already set up. At less cost, too, con-
sidering down-time and overhead.

Nice thing about it is that Art Wire
takes over the problems, as well. Deliv-
ery, quality control and high-volume
production are our worry, not yours.

Any non-ferrous metal tubing cut to
dimensions shown above. Send us a
part or a print. Phone 201-621-7272 if
you’re in a hurry.

We do wire form-
ing and small
part stamping,
too. Bulletin 501
shows what

we can do.

Ask for it.

ART WIRE & STAMPING CO.

17 Boyden Place, Newark, N. J. 07102

ON READER-SERVICE CARD CIRCLE 20
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If you think
you've seen
low-priced
multi-function

plastic dual in-line
integrated circuits. . .




7. .Think again.

MRTL* — MC700P Series One-999 1000-4999

A 3:-lnput-Gate (MC715P), . ........o.bccen.n. $1.00 $ 75
ZAnpUte Gate (MCTATR) s e s 1.08 .81

Dual B-Input Gate (MC718P) . ................. 1.00 79

npit Gate (MCTIOP) ... . . v s s wpinain s 1.08 81

4 P e B L I NS SR R 1.35 1.00

e Quad P-Input Gate (MC724P) ................... 1.08 .81
W Anput. Gate (MC725P) . .. . ..ronevenivni s 1.08 81
fM Huffer (Non/inverting) (MC788P) ............ 1.35 1.00
Wﬂ erter (MC789P) . .. ............ocvvvnnnns 1.08 81
SSIFUD=F10R (MCTO0P) . . .. o0 vivmns niios b 2.00 1.50

o 3 NPt Gate {MC7Z92P) . ... . ivivvvsininssvms 1.20 .90

g 3-Inplit Gate (MC7Z93P) ...... 0 ... v vnews 1.20 .90

DualfButter (MC798R) .. ... .. .. vnverivmmas iy 1.35 1.00

BRHSETMEZAGRYINE 1 e e s st e 1.08 81

CALL YOUR MOTOROLA DISTRIBUTOR
RIGHT NOW!

MOTOROLA Semiconductors
— where the priceles imqnediont & cane!

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 21
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BRUSHLESS
SYNCHROS
DON'T HAVE
T ESE
TROUBLE-MAKERS

OR THESE TROUBLES:

Brush wear ¢ Arcing * RFI emission
» Contact bounce ¢ Bearing con-
tamination from brush-wear parti-
cles « Brush friction error

We left out all these synchro prob-
lems by leaving out the brushes.
Rotary transformers couple signals
into rotors without contact. Re-
sult is far longer synchro life —
which can exceed 10,000 hours—
with performance equal to the best
of brush types.

Patented Harowe brushless syn-
chros are available for all common
functions, in sizes 5, 8, 10, and
11 as standard; larger sizes as
special. All types meet applicable
requirements of MIL specs. Re-
quest complete data from —

arowe

Servo, Stepper &

Synchronous Motors

Motor Generators « Synchros
Resolvers » Pancakes » Gearheads

HAROWE SERVO CONTROLS, INC.
20 Westtown Road
West Chester, Pa. 19380
(215) 692-2700
ON READER-SERVICE CARD CIRCLE 22
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NEWS

(Robot, continued)
cate precisely the step-by-step pro-
cedures of a working technician.
By changing reagents, cycle times,
and the order of procedure, the
user should be able to adapt the
robot to any future tests.
Though this is the first such ma-
chine that physically imitates the
motions of a human technician, it
is not the first automatic testing de-

|

gyl
It

HRTRR

vice for laboratory use. A company
called Technicon has produced for
some time a machine called the
Autoanalyser. It can run up to 12
tests simultaneously, with a mini-
mum of mechanical moving parts.
Its heart is a set of plastic tubes
that carries samples one after an-
other through each tube. The sam-
ples are separated in the tubes by
air bubbles. = =

Electronic robot chemist duplicates the work of a laboratory technician.

For metal rips in space, an electron welder

What does an astronaut do after
the hull of his spacecraft has been
torn by a jagged meteorite some-
where out in space?

Well, he might find a nine-pound
electron-beam welder just the thing
for an emergency repair. One has
recently been developed by the Ham-
ilton Standard Div. of United Air-
craft Corp. for NASA, and success-
fully tested under conditions like
those 73 miles up.

The welder, with a 1.5-kW beam
power, can join titanium, aluminum
and other metals up to one-quarter-
inch thick. It is designed to operate
off an on-board power supply. Only
10 inches long and 3.5 in diameter,
the gun fires tightly packed elec-
trons at a velocity of 50,000 miles
a second. The operator holds it flat
on the metal, where it rides along
the weld seam on metal rollers. A
shield around the welder muzzle pro-
tects the operator from the splatter
of molten metal and radiation; he
checks the welding through windows
in the shield. = =

Astronaut uses electron-beam gun to
weld stainless steel in chamber that
simulates conditions 380,000 feet up.
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Two sets |
of our switches
meet quietly

In space.

When Gemini 6 caught up with Gemini 7 late
in 1965, the programmed approach to space
exploration was proved. Our skilled Astronauts,
the NASA team, MecDonnell, and America’s
aerospace industries had passed a major mile-
stone on our way to the moon.

Cutler-Hammer people are especially proud
of this achievement. Many of our positive-
action switches are employed on each Gemini
vehicle.

We earned our part in Gemini-—and every
manned space vehicle before it—based on al-
most half a century of experience. Dating back
to 1920 when we created the first line of
switches especially for airborne use. Today,
nearly everything that flies uses Cutler-Ham-
mer positive-action switches.

Our leadership is built on reliability. Through
painstaking design and manufacture. Proved
by exhaustive in-process inspection and 1009
final testing.

Whatever your aerospace project, get the
Cutler-Hammer switch and power relay story
before firming up design. Many standard items
are available from our Distributors’ shelves.
For specials—and full application support
call your nearby Cutler-Hammer Sales Office.

There are Cutler-Hammer positive-action switches, minia-
ture and standard size, for almost everything that flies.

CUTLER-HAMMER

Milwaukee, Wisconsin 53201
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The Fairchild 704A
broad-band X-Y scope
gives you a clearer,
sharper picture.

It gets rid of jitters

and of parallax problems.
It is stable and reliable.
And it is ten times more
sensitive than any other
scope of its kind.

Get the full picture in our
new brochure.

Pl RN AR S )
FAIRCHILD
PtiS BRI S ]
INSTRUMENTATION

FAIRCHILD INSTRUMENTATION / A Division of Fairchild Camer a and Instrument Corporation = 475 Ellis Street, Mountain View, California ,(415) 962 -2011 = TWX: 910-379-6944
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Modular Integrated Circuit

ADC-101c

TER
ANALOG = DIGITAL CONVER

A-o-D converter

10 bit parallel binary output
10 microseconds conversion time

Model ADC-10c is a plug-in Analog-
to-Digital Converter with a 10 volt
input range and contains a Clock,
Reference Supply, Resistor Net.
work and Comparison Amplifier.

Also available

D-~-A converter

10 bit strobed parallel binary input
1 microsecond settling time
(same size as A-to-D converter)

Model DAC-10ic is a Digital-to-
Analog Converter and contains a
Storage Register and high-speed
Strobe System, Internal Reference
Supply, Resistor Network and out-
put Operational Amplifier,

Variations are available in input
and output ranges, converting
speeds, number of bits, and trig-
gering modes.

Pastoriza also provides compat-
ible Sample-and-Hold and Multi-
plexing Cards and Auxiliary
Readout Equipment with self-con-
tained power supplies to facilitate
matching these units to OEM and
system applications.

Write for A-to-D and D-to-A
Converter literature.

PASTORIZA

ELECTRONICS, INC.

385 Elliot St., Newton Upper Falls, Mass. 02164
(617) 332-2131
ON READER-SERVICE CARD CIRCLE 25
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Letters

Editorgrams are our guidelines

The editorial staff of ELECTRONIC
DESIGN is grateful to you readers
for the steady flow of Editorgrams
into our offices. Suggestions, criti-
cism, praise—these brief comments
help us to put together a magazine
that corresponds as closely as possi-
ble to your interests. Of course, we
cannot act on every suggestion, but
whenever an obviously useful or tell-
ing point is made and whenever a
number of requests for a specific
type of article are received, we do
our best to follow through. So keep
them coming. They cost you only a
few minutes of time; to us they are
invaluable.

Here, for instance, is a couple of
suggestions that we have taken up:

“If you put the issue number at
the bottom of the page with the
date, it would be easier to find an
article listed in your semiannual in-
dex of articles, which catalogs by
issue number only.”

(Note: The number is being in-
cluded at the foot of each page of
every issue from ED 22, Sept. 27,
1966, onwards.)

* * *

“How about printing ‘Index Is-
sue’ on the binding so that those of
us who file ED can find the index
more easily ?”

(Note: ‘Index Issue’ will appear
on the cover spine of the year-end
issue and all subsequent numbers
that contain a semiannual index of
articles.)

Topics for articles proposed

Many readers come forward with
suggestions for articles that they
would like to see. Here are some
recent ones:

* * %*
From Montreal, Canada: “I'd like
to see articles on broadband phase

detectors, phase-lock receivers and
phase-locked loop FM detectors.”

* * %*

From Flensburg, West Germany :
“Tunnel diode applications in micro-
wave circuits.”

* % *

From Mountain View, Calif.: “I'd
like to see something on nanoamp,
high-impedance, 75-megohm voltage
sensors using unipolar transistors
and FETs.”

* * *
From La Spezia, Italy: “More
about low-noise amplifiers, filters
(active and passive) and linear

circuits in general.”
* * %

Such Editorgrams are grist to our
mill, for they are the key to the
contents of future issues. If you
feel that you are able and willing
to write articles for us to publish on
such subjects as those suggested
above, or on any other timely topic
of immediate interest to design en-
gineers, we shall be very happy to
send you our author’s guide. This
outlines our editorial requirements,
sketches the best way to put your
article together and tells you how
to go about submitting an article
idea to us. For your copy of “How
to Write Articles for ELECTRONIC
DESIGN,” check the box at the bot-
tom of the Editorgram at the back
of this issue.

Past articles draw praise

Along with the suggestions, com-
ments and occasional brickbats come
plaudits:

“I especially like “Rid mixers of
spurious signals” (ED 19, Aug. 16,
1966, pp. 210-216) because of its
new approach and the expanded
data that ED made available.”

* * *

“The article on mixer spurs was
very timely because I am involved
in the design of local oscillators and
mixers at present.”

* * *

“Your Wescon information was
very useful and helped me to plan
my visit.”

* k%

“Your editorial, “The quest is on
for the perfect micronym” (ED 17,
July 19, 1966, p. 43), was first-class

(continued on p. 44)
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Better styling by design with Alcoa Aluminum

Electronic equipment looks better and sells easier when
it’s designed with aluminum, Alcoa® Aluminum.

That’s why designers everywhere use aluminum for
styling cabinets, racks, decks, frames, panels, housings,
grills, inserts or trim—practically any place where perma-
nent good looks are important.

Aluminum gives the designer more to work with—more
colors, more textures, more forms—in virtually any size or
configuration. It can be easily and accurately fabricated
by stamping, forging, extruding or casting; easily joined

by welding, brazing, soldering, or by various mechanical
production systems.

Striking textures can be developed by mechanical fin-
ishing, such as embossing or coining, with surfaces rang-
ing from smooth lustrous to rough matte. Subtle colors
can be added by using any one or a combination of tech-
niques—chemical, electrochemical, paint, enamel, lacquer,
porcelain enamel, or Vynalate* Sheet (a permanently
bonded laminate of aluminum sheet and vinyl). And,
aluminum is naturally light, uncommonly strong and cor-
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rosion-resistant. Its applications are unlimited. That’s why
it’s called ““the designer’s ally.”

For your demanding design applications, particularly
where the problem is one of cost and competitive styling,
change for the better with Alcoa Aluminum. Call your
nearest Alcoa sales office or write: Aluminum Company
of America, 1780-K Alcoa Building, Pittsburgh,
Pennsylvania 15219.

*Trademark of Aluminum Company of America ‘ i

Change for the better with Alcoa Aluminum ALCOA
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The
“constant”

in the formula
for core
design

PERMACOR®

powdered iron cores

There are many ‘‘variables’’
between concept and use.
One company which is a con-
stant is PERMACOR. If you
have a design problem, our
engineers can help you solve
it. If you have a production
problem, we can help solve
that, too. We have a full line
of stock cores, and facilities
for any custom core design
and production. This is part
of the reason why we are the
number one producer of
powdered iron cores. Write
for the full story.

PERMACOR®

A Division of Radio Cores, Inc.
9540 Tulley Ave.,
Oak Lawn, 1ll. 60454
Phone: 312—-422-3353
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(continued from p. 40)

because humor is essential to a read-
able technical magazine.”

* * *

One last Editorgram gave us
pause to reflect for a moment. An
“Atoms Scientist” in upstate New
York told us: “Change your maga-
zine’s name to ‘Electrons Design’ ”
Well . . . it’s an idea!

Polyurethane protects
devices against moisture

Sir:

I enjoyed your article, “Elec-
tronics needed for guerrilla war-
fare” [ED 17, Aug. 2, 1966, pp. 36-
47]. One of the areas that stood
out as a problem is the protection of
electronic components and circuitry
from moisture.

Here at Kennedy Space Center
and Cape Kennedy we have a simi-
lar problem. We do not have quite
the same degree of humidity as Viet
Nam, but, in addition, we have the
salt and sand problem.

We have developed a family of
thin-film polyurethane conformal
coatings which can be easily and
economically applied to printed-cir-
cuit boards and terminal boards.
The coating does not appreciably
change electrical properties, but al-
most entirely seals the units from
the detrimental environmental con-
ditions which render many printed
circuits useless. The coatings are
covered by the Kennedy Space Cen-
ter specification KSC-C-183, and
KSC-QPL-183-1.

The Department of Defense, as
well as NASA, has been doing work
for several years on both epoxy and
polyurethane coatings. Both materi-
als in very thin coatings (2 mils or
less) seem to have very little effect
on the @Q-factor and other electrical
properties. Both protect the equip-
ment from moisture and fungal at-
tack and add terrifically to its han-
dling characteristics. For example,
six commercially built boards were
vibrated to more than 50 G from 0
to 2000 Hz while plugged in and op-
erating. They should easily with-
stand parachute drops and rough
handling without damage.

Polyurethane was chosen because
it is more elastic and is very wear-
resistant. Epoxy, by comparison, is

rigid, and in thicker coatings
(above 2 mils) tends to crack solder
joints and components under vary-
ing heat loads. Some of the thick
polyurethane coatings have also
caused like problems.

The thin coatings are so thin that
they have very little heat insulative
effects and should reduce the cool-
ing required of other sealed mod-
ules. Since the coatings are thin, re-
placement of components is no
problem. Repair or touch-up of the
coating is simple.

The biggest advantage of these
coatings to the manufacturer is re-
duction in labor, material, and fa-
cilities costs. Masking is almost
eliminated, and by using the “Fer-
ris-wheel technique” one person can
coat a large number of boards in a
short time without expensive spray
guns, vacuum chambers, or banks
of ovens.

Using this new family of coat-
ings, off-the-shelf commercial equip-
ment can be easily, quickly, and
economically protected to withstand
the stringent environmental condi-
tions of Vietnam.

J. M. Fisher
NASA Office of Quality Assurance
John F. Kennedy Space Center
Cape Kennedy, Fla.

Devices stave off

power surges
Sir:

I read with extreme interest your
interview, “Electronics needed for
guerrilla warfare,” in which Chief
Warrant Officer Carl Sellers re-
ferred to the problems of power
surges and generators.

ATI Industries has been mar-
keting for over two years a solid-
state device that protects electronic
equipment from overvoltage surges
and transients. The device, known
as the Solid-state Circuit Protector
(SCP), has a triggering response
time of 500 ns or less, and is avail-
able with automatic reset, therefore
eliminating the need for any fuse or
circuit breakers.

SCPs have also been developed
for undervoltage protection as well;
for instance, should the line or gen-
erator voltage drop below a preset
voltage, the SCP switches to emer-
gency battery operation. The SCP

(continued on p. 47)
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Johnson
brings you

a long line
of connectors

No matter what kind of application, Johnson'’s
long line of jacks and plugs will supply your
design needs. Whether it’s military or commer-
cial, whether it’'s sub-miniature or standard,
there’s a rugged polyamide insulated or un-
insulated connector for your job. Johnson has a
full line of tip and banana plugs, tip jack and
sleeve assemblies, metal-clad and rapid mount
tip jacks, dual banana plugs and the unique,
patented Johnson binding post in three sizes.
Insulated connectors color coded to federal color
standards. Voltage breakdown ratings up to
11,000.

Get complete information on JOHNSON’S

full line of connectors. Write today on com-

pany letterhead for free, detailed Johnson
components catalog.

E.F.JOHNSON COMPANY |

® WASECA, MINNESOTA 56093

CONNECTOR FOR YOUR PROJECT, CONSTRUCTED OF TOUGH, LOW LOSS POLYAMIDE
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SUB-MINIATURE INSULATED TYPES — Designed for printed cir-
cuit applications. Operating voltages to 1500 volts RMS . . . 5
amperes current carrying capacity . . . contact resistance less than
2 milliohms. Capacitance between two adjacent jacks less than one
pf at 1 Mc. 10 colors available. Test-Point Strip/Handle — rapid-
mounting polyamide body contains 12 test points each rated at
-5 amps., maximum current capacity. Operating voltage 1500 volts
RMS at sea level, 350 volts RMS at 50,000 feet. Contact resistance
less than 2 milliohms.

STANDARD INSULATED CONNECTORS — A complete line of con-
nectors molded of tough, low-loss, shock-proof polyamide in 10

Look to Johnson for
all your component needs

CONNECTORS

colors meeting Fed. Std. 595. Tip, Banana and Dual Banana Plugs;
Tip and Banana Jacks; Metal-Clad Tip Jack, Military; Jack and
Sleeve; Binding Posts.

RIB-LOC TERMINALS — A new line of miniature, one-piece, in-
sulated terminals with a unique serrated conical design, which
resists loosening and turning. Provides an inexpensive approach
to convenient press-in type terminals. Six colors conforming to
Federal Color Standard No. 595. Terminal styles include single
and double turret feed-thrus and stand-offs, .040” dia. tip plug
and mating jack for .040 plug.

CAPACITORS

MACHINED PLATE TRIMMER AND TUNER TYPES — U, UA, UB,
U-LC, V, AND W — Available in both printed circuit and chassis
mounting types. U types available in differential and butterfly
printed circuit mounting types in addition to single section types.
V and W capacitors available in single section type only. Maximum
capacities of up to 54 pf. Tuners consist of a machined plate trim-
mer and high Q air wound silver plated inductor, in resonant fre-
quencies of 100 to 750 Mc.

SOLDER PLATE TYPES — Type M: Capacity values to 30 pf. Voltage
ratings to 1250 volts peak. Available in single section, differential
and butterfly types.

Type S: Capacity values to 100 pf. Voltage ratings to 3000 volts
peak. Available in single section, differential and butterfly types.

Type K: Capacity values to 150 pf. Voltage ratings to 3800 volts
peak. Available only in single section types. May be furnished in
production quantities in full compliance to MIL-C-92A.

Type R: Capacity values to 340 pf. Voltage ratings to 4400 volts
peak. Available only in single section type.

Type L: Capacity values to 200 pf. Voltage ratings to 3500 volts
peak. Available in single section differential, butterfly and dual
section types.

SPACER TYPES — Type C: Capacity values to 1500 pf. Voltage
ratings to 13,000 volts peak. Available in single section and dual
section types.

Type D: Capacity values to 1700 pf. Voltage ratings to 9000 volts
peak. Available in single section and dual section types.

STAKED PLATE TYPES — Type E: Capacity values to 1000 pf. Volt-
age ratings to 4500 volts peak. Available in single section and dual
section types.

Type F: Capacity values to 400 pf. Voltage ratings to 3000 volts
peak. Available in single section and dual section types.

TUBE SOCKETS, INSULATORS, PILOT LIGHTS AND HARDWARE

ULTRA HIGH FREQUENCY SOCKETS — Continuous heat resistance
to 500°F. with low loss, glass filled silicone base and heat treated
beryllium copper contacts. Low inductance screen bypass capacitor
available for VHF and UHF operation.

KEL-F SERIES — Molded of low dielectric loss-factor Kel-F plastic
— designed for use with a wide selection of high power transmitting
tubes.

STEATITE WAFER TYPES — Available in 4, 5, 6, 7, and 8-pin
standard socket types, as well as Super Jumbo 4-pin types. Also
giant 5 pin, and 7 pin Septar and VHF Septar Sockets.

SPECIAL PURPOSE TYPES —
tubes.

Note: For detailed specifications, request Socket Standardization
Booklet 536 on your company letterhead.

Includes sockets for special purpose

INSULATORS — Low loss, high-voltage breakdown in either steatite
or porcelain. Complete line includes Thru-panel Bushings and In-
sulators, Antenna Strain and Feeder Types, Cone and Stand-off
Insulators, Lead-in Bushings and Feed-Thru Bowl Assemblies.

PILOT LIGHTS — Over 47 separate assemblies. Continuous indi-
cation neon types, models for high and low voltage incandescent
bulbs, standard or wide angle glass, and lucite jewels. Specnals,
including types meeting military specmcatlons, also available in
production quantities.

PANEL BEARINGS — For use on Y” shafts and panels up to 3”
thick. CRYSTAL SOCKETS — For low capacity, high voltage and
high temperature operation. Glazed steatite, Grade L-423 or better.
DC-200 impregnated. RF CHOKES — High quality construction.
For 1.7 to 30 Mc range.

Johnson also offers a complete line of heavy-duty RF components for broadcast transmitting, RF heat-

ing, antenna phasing and other commercial applications.

Equipment in this line includes fixed and variable inductors, antenna phase sampling loops, isolation
filter inductors, feed-thru bow! insulators, static drain chokes, RF contactors, and heavy duty make- ®

before-break switches.

E. F. JOHNSON COMPANY

WASECA, MINNESOTA 560893



LETTERS

(continued from p. 44)

would eliminate line surges from
ever entering areas where elec-
tronic equipment is used.

ATI has available on request its
standard SCP Catalog that shows
available ranges of its devices.

John S. White, Sr.
Dir. of Communications Products
ATI Industries
Los Angeles

Guerrilla detectors

are in production
Sir:

After the pleasure of reading
“Electronics needed for guerrilla
warfare,” I felt compelled to write
regarding the statement, “Sensitive
metal detectors planted around the
perimeter of the camp might have
alerted the Americans and saved
the village” [p. 36].

Texas Instruments, Inc., does in
fact manufacture a device now in
use in Vietnam for this and other
tactical action programs. It is called
the Model SID-X-150A Seismic In-
trusion Detector, and it signals an
alarm when activated by persons,
animals or machines moving within
the detection range of either a sin-
gle hidden seismometer or an array.

The unit, in its present con-
figuration, is compact, light in
weight and can be installed as much
as a mile from a control point. This
makes it ideal for use for perimeter
protection of areas such as those
described in the article. Seismomet-
ers can be installed in the ground or
attached directly to fences, build-
ings or bridges, or even placed in
water.

The SID-X-150A sensors operate
in the subaudio frequency range
from about 15 to 30 Hz and the elec-
tronic circuit converts the elastic
wave motion of a man, animal or
moving vehicle into a distinctive au-
dible sound. Furthermore, the oper-
ator, after a short training period,
can easily identify the source of
these characteristic sounds. Six
size-D dry-cell flashlight batteries
power the unit; under normal use
the average life of the batteries is
four months. This power supply,
although quite inexpensive com-
pared with some complex systems
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now in use, provides reliable service
in jungle warfare.

Frank Lord
Manager of Merchandising
Science Services Div.
Texas Instruments, Inc.
Dallas, Tex.

Note: A copy of a brochure de-
seribing this equipment was for-
warded to the Green Berets. Ed.

Full-wave rectifier tubes
are in push-pull
Sir;

In your interesting article relat-
ing to electronics in Vietnam, I
should like to call your attention to
some inaccurate comments on page
44 about a high-voltage power sup-
ply.

The comment begins: “This is
full-wave rectification, the two
tubes are in parallel.” This is incor-
rect, for in a common full-wave rec-
tifier (not bridge) the tubes are in
fact in push-pull.

It adds: “So when one goes, it
throws the full load on the other
tube.” This also is false. In a full-
wave rectifier circuit, the duty cycle
on each tube is 509%. Only one tube
is conducting at any one time. With
one tube removed from the circuit,
the duty cycle is still 50% on the
remaining tube. It does not throw
the full load to the other tube.

Arnold J. Carmody
Engineer
Electronic Design Co.
Fairport, N. Y.

Professionalism is

a state of mind
Sir:

Anent Miss Dekany’s editorial
of July 5 [“An ill wind blows for
the baccalaureate,” ED 16, p. 35],
there are three points that I would
like to state briefly. One is that
“professionalism” is more a state of
mind, or attitude, than a matter of
formal education. Usually, increas-
ing the formal education does not
change a student’s basic attitudes.

Second, much good engineering
work can be done and is being done
by men who stopped at the bache-
lor’s degree. It would be unfair to
exclude them from professional sta-
tus, particularly when so many men

\

Need a small 1, 5

or 10 mc crystal
oscillator for use

in synthesizers,

timing systems,
counters,
communication systems,
time-code generators,
tape systems, or

some other small black
box?

Think TRACOR °®

OSCILLATOR

o Y] W

FREQUENCY

Shown half actual size
TFA 766

Volume 19.1in.2
That's about the
size of it.

For further information:
TRACOR, Inc.

General Sales Office
6500 Tracor Lane
Austin, Texas 78721
Phone: 512-926-2800

SULZER
DIVISION

REPRESENTATIVES IN PRINCIPAL CITIES

We are looking for EE's, ME's and
Physicists for design consultation
or systems development in ASW
and undersea problems—experi-
ence in penetrations aids—design
studies, tests, analysis and reports
on electronic and mechanical sys-
tems. Your reply strictly confi-
dential.

J
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Our optical encoders
have higher shock value.

They recover from 115g shock and operate
dependably during 70g shock. Still higher

requirements can be met.

Rugged, durable gallium
arsenide light-emitting diodes £ O
make the difference. By replac- A:%‘
ing tungsten bulbs—prime cause o.\;:gr
of optical encoder failure—they m
increase life expectancy to 30,000 hours for
a 2" binary model. They're ideal for applica-
tions where access is difficult or for systems
where reliability is paramount.

For information, write Encoder Division,
20745 Nordhoff Street, Chatsworth, Calif.
91311, or telephone 213 341-6161. Europe:
Schwamendingenstrasse 5, Zurich 8050,
Switzerland.

ENCODER DIVISION
LITTON INDUSTRIES
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with graduate degrees are not real-
ly using them. It would be more to
the point to revise the undergradu-
ate curriculum, eliminating the su-
perfluous and outdated material,
and making it into a course that
was truly professional.

Last but not least, I think that
professional status should include a
certain amount of practical experi-
ence. A recent graduate, whether
bachelor or master, is far from
being a true professional. My idea
of a professional engineer is a man
with at least a bachelor’s degree
and five years of applicable experi-
ence. Incidentally, I have a mas-
ter’s, so my feelings on the subject
are not sour grapes.

Alex Richardson
Sr. Member Tech. Staff
ITT Federal Labs.
Nutley, N. J.

Accuracy is our policy

In “Stabilize gain in a dec am-
plifier,” ED 19, Aug. 16, 1966, p.
180, Fig. 1 (“Open-loop gain . . .”)
a solder dot was omitted at the
junction of R2, R;, E, and the emit-
ter of T2.

In “Cure switching system
noise,” ED 19, Aug. 16, 1966, pp.
186-189, the following corrections
should be made.

Equation 1, p. 186, should be
amended to read:

Z = [(R + jwL)/(G + jwC)]'/?,

inserting the square root.

In the Table, p. 187, the remarks
applying to single wire near a
ground plane, the entire second sen-
tence (“Can be fabricated with
multilayer printed wiring”) should
be deleted.

The captions for Figs. 2 and 3, p.
188, should be switched, so that
that under Fig. 2 applies to Fig. 3
and that under Fig. 3 to Fig. 2.

The entire paragraph, beginning
“Decoupling capacitors can be lo-
cated . . .” at the foot of column 1,
p. 188, and ending “. . . to supply
transient currents” at the top of
column 2, should be deleted.
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DESIGNERS 1985
THE DESIGNER: Lester Beall Inc.

THE DESIGN: Supermarket Check-Out/Packaging Unit clostd ol Tl Yome.

THE TRACING MEDIUM: Bruning Five Hundred
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Bruning is a U.S. Reg. Trademark of A. M. Corp.

THE DESIGNER: Lester Beall Inc.

has designed corporate identity programs,
packages, brochures and displays for

some of the nation’s leading manufacturers.

THE DESIGN: Supermarket Check-Out/Packaging
Unit. Shopper sets the machine in operation
by inserting her credit card. After the card is
scanned (and approved), the customer receives
an order number tag, and the conveyor is

set into motion. The optical scanner totals
items as they pass under it. If the customer
has any questions concerning her purchases,
she can stop the machine and have

TV communication with store personnel by
lifting the phone. The totalled items are
conveyed directly into a packaging unit
where they are enclosed in plastic containers
marked with the customer’s order number.
Customer now may pick up a small order,

or let the order be transported by a central
conveyor to an exterior pickup point.

THE TRACING MEDIUM: Bruning

Five Hundred. By 1985 there will undoubtedly
be improvements in this fine tracing paper,

as a logical result of Bruning's endless program
of product development. One thing will

not change: the superb quality of Bruning
Five Hundred for its time. That quality

will be uniform, sheet after sheet,

roll after roll, year after year.

Have you tried it yet? No? Then you're living
in the past. Call your Bruning man for a sample
of Five Hundred. And if you'd like additional
copies of the Check-Out/Packaging Unit design
and others included in this series, simply write
Designers 1985, Charles Bruning Company,

1800 W. Central Road, Mt. Prospect, Ill. 60058.

e BfUﬂlﬂg

Division of Addressograph Multigraph Corp.
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SPEED: 80MHz

Every characteristic the designer needs for top perform-
ance airborne inverters and switching regulators are
combined in the new TRW 2N4305—2N4312 power tran-
sistors...high frequency...high gain...low collector
saturation voltage.

Another plus factor in this outstanding new series is
operating voltage characteristics as high as 120V.

GAIN: 50hg @ 1A

SATURATION: 1V @ 5A

Available in TO-5 packages. Available in Low Profile
Isolated Stud packages. Available NOW from author-
ized distributors everywhere!

For detailed technical information write TRW Semi-
conductors Inc., 14520 Aviation Blvd., Lawndale, Calif.
90260. Phone: 679-4561. TWX: 910-325-6206. Cable
TRWSEMICONS / Telex: 67-7148.

TR WSEMICONDUCTORS
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EDITORIAL

Engineer’s black box
- complements MD’s black bag

Electronic designers can be proud of their accomplishments in
just about every phase of modern society from home entertain-
ment to mass education. But nowhere is this pride more jus-
tifiable than in the area of medical electronics. If Hippocrates
was the father of medicine, electronic technology is proving a
most worthy stepfather.

The reasons for the growing accommodation between elec-
tronics and medicine are many. To some extent, it is a case of the
“art” of medicine having a need and the “science” of electronics
having the means. This is proven by the fact that many tech-
niques now widely used for measuring various bodily processes of
the sick would be impossible by other than electronic means.
Another reason is that the doctor-to-population ratio in the
United States has been steadily declining, while the public de-
mand for medical services has been steadily increasing. As a
result, both doctors and hospitals have had to increase their
efficiency drastically to serve their increasing patient loads.
Electronic instrumentation and data-processing equipment have
allowed them to do this, in many cases with resounding success.

Despite the present widespread use of medical instrumenta-
tion, its full potential is still far from fully exploited. This is
partly because of the relatively high cost of development and the
tendency of many physicians to look on the engineers’ “gadgets”
with a mixture of wariness and disdain. But the biggest obstacle
is the lack of widespread cross-pollination of ideas between the
engineering and medical communities. Effective exchange be-
tween the two groups is essential if electronic technology is to do
all it can for medicine. A good example of what can be done is the
bio-medical transfer program of NASA’s Technology Utilization
Division. Under this program, a NASA team of biological and
physical scientists seek out medical problems that might be solved
by aerospace-technology developments. And already NASA has
solved many such biological problems.

The market for medical instrumentation and data-processing
equipment is expected at least to triple by 1975. But where will
the ideas, the innovations and the designs for all this equipment
come from ? The explosive growth will require designers who also
know something about the biological sciences. Unless the educa-
tional community makes some adjustments, new engineering
graduates will not be the answer. At present only a handful of
universities offer extensive biomedical engineering programs.

It is probable, therefore, that many designers now devoting
their talents to space telemetry, industrial instrumentation and
the like will find themselves in years to come designing medical
equipment and systems. It might behoove all of us, then, to learn
just a little more about the needs and requirements of our doctor
friends. Anyone who thinks a pacemaker is a driver at a harness

track had better start now.
FRANK EGAN
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Unexcelled 30 ohm FET Switch

2N 4391

Unequalled Performance/Price

COMPARE!

2N4391 2N4392 2N4393 2N4091 2N4092 2N4093 Units
ON Resistance, Ron 30 60 100 30 50 80 ohms
Leakage, Ioor) 100 100 100 200 200 200 pA
Capacitance, C. 3.5 3.5 3.5 5.0 5.0 5.0 pf
Capacitance, Ci.: 14 14 14 16 16 16 pf
Turn On Time, t.. 10 10 15 15 15 20 nsec
Turn Off Time togs 15 30 40 40 60 80 nsec
Price, 1-99 9.50 7.80 9.00 18.00 16.50 9.70 $

Another advancement from the leader in Field Effect Transistor technology — UNION CARBIDE ELEC-
TRONICS. Select the performance/price for your application and call your UCE distributor today.

UNION

CARBIDE

ELECTRONICS

UNION CARBIDE CORPORATION 365 Middlefield Road, Mountain View, California 94041 TWX: 910-379-6942; Telephone: (415) 961-3300

Speed Inquiry to Advertiser via Collect Night Letter
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Computer-aided circuit design may well have design engineers than any single development
a more far-reaching impact on the tasks of since the advent of the transistor. Page 54

Also in this section:

Avoid variable-load problems in the design of power amplifiers. Page 84
Demodulate the error signal in FM modulators for stable, broadband operation. Page 90
Convert complex numbers to absolute values and angles graphically. Page 96

Bits and pieces: an editor’s pie. Page 110
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COMPUTER-AIDED DESIGN

Are computers really a designer’s best friend?
Read this series and decide for yourself.

Edited by Joseph J. Casazza, Technical Editor
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Far-reaching in its implications and promise,
computer-aided design is already being used in
many sectors of the electronics industry. Although
still young, this exciting technology is growing
rapidly.

Indications of its growth are evident in the
conference sessions (WESCON, 1966) and semi-
nars (University of Wisconsin in May and the
University of Santa Clara, Calif., last month)
devoted exclusively to the topic. So, too, is the
birth of small, informal user groups (see Design
Directions, ED 20, Aug. 30, 1966, pp. 34-36). The
message for the electronic designer is clear: Don’t
ignore this powerful new technology.

Using the digital computer as a design tool
gives the engineer an opportunity to put classical
techniques to work with virtually none of the
usual manual drudgery. But before the computer
will do his bidding, the engineer must perform a
few preliminaries. Here are some of them:

= Learn to communicate with the computer. At
present this means, at the very least, a working
knowledge of FORTRAN (FORmula TRANsla-
tion) programing. Ideally, some day we may all be

able to write our instructions on the computer’s -

graphic-input tube screen, but much development
still remains to be done before this becomes the
established practice.

= Learn to state the problem properly. This is
vital, if useful and intelligible data are to be
obtained from the computer. The approach to a
problem must be refined to weed out waste motion,
unrealizable specifications, etc. Although most
computer programs will let the user know when
he has made an error, the wise design engineer
can save himself considerable time and strain by
ensuring that initial problem statements and
formulations are correct.

= Try to find out what others in the field are
doing. This is especially important because of the
newness of computer-aided design. There is still
little communication between users, because of the
difficulty of establishing who and where they are.
This problem should dwindle as more conference
sessions are held and as more information is
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published in engineering journals.

The four articles presented in this special
section are designed to give the reader an insight
into computer-aided design. The articles are broad
in scope, dealing with feedback system design,
circuit design by both large- and medium-scale
computers, and the circuit-design programs that
are currently available.

Throughout the articles there runs the common
theme that computer-aided electronic design is
practical and has tremendous potential.

The reader need not be a programer to under-
stand the material, which is written by experts in
the field. A casual acquaintance with FORTRAN
is certainly helpful but not essential. Once famil-
iar with the capabilities and simple use of such
design programs as BASIC, LISA and AMPLI,
many designers should be motivated to increase
their knowledge of those programing methods
that will be of greatest use to them.

Many improvements can be anticipated in
computer-aided design in the near future. Perhaps
the two most significant developments today are:

m Increased use of time-shared computer sys-
tems, enabling relatively <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>