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Talk to me, Cintra Scientist.
What should I ask you?

Ask a lot. Ask, for example, the solu-
tion to (A + B X C) P+Exh—= where
A, B, C, D, E and F can be data or
any combination of keyboard func-
tions such as sin X, log X, €%, etc. Just
key it in exactly as written and you'll
have the answer by the time your
finger is off the equals key. The Sci-
entist’s dynamic range is 200 dec-
ades with 10 significant figure ac-
curacy.

Try it yourself. Take an everyday
slide rule operation such as 286.4 X
10*° = .004612 X 10"*=. The answer
is immediate! Your entered data can
be in scientific notation, floating
point or combinations of both. The
Scientist will keep track of decimal
points and exponents for you. All
keys are hardwired, and note how
logically they're arranged. Power?
Ultra-power is more like it.

Stored constants? You get 26 with
the basic model, up to 122 optional.

No machine language to learn! The
Cintra Scientist talks your language.
Press the keys and find out for ycur-
self in just five minutes.

Behind the keyboard? Hermetically-
sealed MOS/LSI and integrated cir-
cuitry assures reliable, trouble-free
performance.

Can you operate as a computer,
too? Certainly. With the Cintra Mod-
el 927 Programmer, up to 25,600
consecutive steps can be performed
automatically in addition to loops,
branches and subroutines. Further-

L

more, the modular design allows ex-
pansion into a mini-computer with
peripherals such as the Cintra 941
Printer, plotters, and A to D con-
verters for on-line/off-line applica-
tions.

Just $3,780 puts the power of the
Cintra Scientist at your fingertips.
Now ask yourself a question.
Shouldn’t | find out more about the
Cintra Scientist?

Look at these unique keys

x Ultra-powerful. Includes
s A1 10-digit integer and
non-integer values of x and .

xi0™ | An order of magnitude more
s, vVersatile. Enter floating point
and scientific notation data, or any
combination interchangeably.

= EEquate the value. Press the
s k€Y and immediately see
the result of a long complicated ex-

pression.

( Jln a bracket by itself, this
key allows any other key

to operate on a group of terms.
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using.

PHYSICS
INTERNATIONAL

®DEG
RAD®

perne | Use this highly §
of(0)® functional 84-
— _keystroke pro-

foy grammer forseries
i, €Xpansions, transcenden
tal equations, operational analysis,
etc. Define f(X) as any function up
to 84 consecutive steps; thereafter
execute this defined function with
one f(X) keystroke (254 steps opt.).

K, iConstantIy works for you.
L Set constants equal to Kj,
Ks, etc. To reuse any constant in any
equation, simply key K and the sub-
script thereafter. Stores up to 26 (122
optional) 12-digit constants includ-
ing exponent and signs.

VEITy? Statistically proven most
.~ _useful for least square
sums, RMS, and vector magnitudes,
elc.

eoes | View your data from a bet-
__RAP® lter angle. Keylight shows

which trigonometric units you are

Remore | This far out key lets you
_______Jcommunicate with up to
99 instruments: printers, plotters,
computers, A to D converters, etc.

Your answer is the Cintra Scientist—
the 24-pound computer at your fin-
gertips.

Gintra

Physics International

440 Logue Avenue
Mountain View, California 94040
(415) 969-9230

Cintra Incorporated—a subsidiary
of Physics International Co.



Two key reasons why’the HP 18
is the fastest real-time scope, 250

Exclusive HP
CRT Deflection System

Exclusive H
IC Amplifiers

€

...today’s performance champ!

Here is today's undisputed leader in
scope performance: DC to 250 MHz
bandwidth, 10 mV sensitivity, less
than 1.5 ns risetime, 4 cm/ns writing
speed and 11 compatible plug-ins.

Here are some of the tasks per-
formed by this new, DC-to-VHF real-
time window—display intermittent
pulse trains with nanosecond rise-
time, capture fast transients, take a
look at amplitude-modulated car-
riers ahead of a detector.

This is a big jump in real-time
waveform displays. HP's technical
leadership, covering a wide area of
disciplines, has made it possible. An
in-house IC capability has produced
monolithic transistor arrays for
the vertical amplifier—key factor in
achieving good transient response
with 250 MHz bandwidth and high-
fidelity reproduction of waveforms.

Use of micro-circuitry also has re-
duced the number of high frequency
calibration adjustments —to only two
for the vertical amplifier, instead of
typically up to 30 or 40.

HP's step-ahead CRT technology
produced a unique CRT to display
fast signals. It utilizes two transmis-
sion lines for the vertical deflection
system. They provide distributed de-
flection of the electron beam, giving
the CRT a cutoff frequency well be-
yond 500 MHz. Other features of this
exclusive CRT are a low deflection
factor, high brightness and fast writ-
ing speed.

Because the vertical deflection
system of this CRT is directly acces-
sible to the vertical plug-in, the 183A
mainframe can accept any of the 180
series plug-ins—to make it a true,
general-purpose scope. Since the
183A is not mainframe limited you
can take advantage of HP innovations
in higher frequency plug-ins as they
become available.
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This is the year of the big change
for the oscilloscope industry. You'll
be making a buying decision that you
will have to live with for some time to
come. It stands to reason that the
step-ahead thinking exemplified in
the HP 250 MHz scope also exists in
allHP scopes. If you are not now con-
vinced Hewlett-Packard is best, try
a side-by-side comparison with any
other scope. Call your HP field en-
gineer to arrange a comparison.

The HP 183 is only one of a family
of high performance scopes—includ-
ing sampling and storage. Write,
Hewlett-Packard, Palo Alto, Califor-
nia 94304. Europe: 1217 Meyrin-
Geneva, Switzerland. Price, HP 183A
with 250 MHz plug-ins: $3150.

HEWLETT @ PACKARD

OSCILLOSCOPE SYSTEMS




A flexible insulation
with 2,300 volts
per mil protection at
300C.hastobe

incredible.
It has to be KAPTON.

The fact that insulation of KAPTON * polyimide
film offers a dielectric strength of 2,300 volts per mil
even at elevated temperatures (+300°C.) is only one
reason it's an incredible insulation. It stays functional
and flexible even at temperatures as low as —260°C.

And insulation of KAPTON is tough. So tough it
can be used in extremely thin wall sections without
sacrificing its excellent cut-through resistance, high
dielectric strength or excellent chemical and thermal

properties. That means savings in weight and space
in your insulation system. Yet KAPTON can be worked
with existing equipment and in existing systems.
Wire and cable, printed circuits and flat cable in-
sulated with KAPTON are being used in such diversi-
fied applications as aircraft, submarines, spacecraft,
diesel locomotives and computers. Why not see what
KAPTON can do for you? For a sample and property
data on this versatile new material, mail the coupon.
*Reg. U.S. Pat. Off.

e S O S R A, (T S e e e )
| Du Pont Company |
| Room 8799C, Wilmington, Del. 19898 |
I Please send me property data and a sample. | want |
| toevaluate KAPTON for the following application: |
I I
I |
I Name___ f= |
| Title |
: Company :
| Street . |
| City_ s State Zip |
O PO T MG s, SCL R, o . S s

Kapton

Electrical Insulation
CIRCLE NO. 36
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272 pages of data list specs, il-
lustrate logic diagrams, give test
conditions for £

® 54/74 STANDARD
CIRCUITS

e 54H/74H HIGH SPEED /
CIRCUITS ;

o 54/74 MSI
COMPLEX
ARRAYS

F RE E ALL YOU NEED TO KNOW ABOUT
SERIES 54/74 TTL CIRCUITS.

WANT THEM RIGHT AWAY? FILL OUT AND MAIL THE COUPON TODAY.

|

i YES! Send me the 54/74 handbooks [J High Speed Circuits—88 page handbook ]

= I've checked. EB25645. =

g [J Standard Circuits—88 page handbook [J MSI Complex Arrays—9%6 page handbook ]

: EB25640A. EB25655. :

: MAIL TO: i

1 Name TECHNICAL LITERATURE SERVICE :

] . SPRAGUE ELECTRIC COMPANY 3

g Title 491 MARSHALL STREET -

i NORTH ADAMS, MASS. 01247 |

] Company.

i

| Address .

= SPRAGUE
City.

[

: State Zip THE MARK OF RELIABILITY

e

CIRCLE NO. 85 CIRCLE NO. 86 CIRCLE NO. 87

for 54/74 Standard Circuit Handbook for 54H/74H High Speed Circuit Handbook for MSI Complex Array Handbook
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EDN is edited exclusively for designers of elec- Terminal Uses Chemistry

tronic products, equipment and systems. EDN To Conserve Electronics . ............ 22

presents news, methods, ideas and products only

as they relate to the present and future job re- Better Colors
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ignation for filing an article under the Communi- EQUIPMEDNE i o a5 coh swon im a4 5w ws wms 88
cations Systems Testing at 108 Hertz.

This system is compatible with most ‘‘personal”’

filing methods. Very few designers need to use all DeSign Departments

classifications, when their own individual require-

ments are overlaid on the system. In many cases THho Editor's Columi « s oo s s e ivis dudi 9
two or even one level of classification is sufficient. Exetitive Lifs 80 A-L
Front cover photo created LIEBFBRLIEE o oo v covss vnnniss na Ay 24
by Ron Sloan depicts Rolm
Corp. rugged minicompu- Signals and Noise ......... PR L Pt o8
ter. Designing a minicom-
puter that can virtually go DAtBliNG: . oovime i v sieis ws w e bk o voaeas s 110G
anywhere and operate in
harsh field environments Advertiser'sIndex ............ R |« -
demands innovative pack-
aging. See article, “Mini- SubjectIndeX ..........cnniininen... 103
computer Gets Tough!", on
p. 58 for details. Product Index ......... Sy A i vs et

y @© 1970 BY ROGERS PUBLISHING CO., INC., A SUBSIDIARY OF CAHNERS PUBLISHING CO., INC. ALL RIGHTS RESERVED. Norman L. Cahners, Chairman of
7 P~ ( ) 4.2 the Board: Saul Goldweitz. President, Ned Johnson, H. V. Drumm, Vice Presidents. EDN (formerly Electrical Design News) is published semi-monthly by Rogers

B e Publishing Co., Inc. E. S. Safford, President; T. F. McCormish, Executive V. P., G. F. Taylor, W. M. Platt, Vice Presidents. Editorial, Advertising, Subscription
Ny BPA Offices, 270 St, Paul, Denver, Colo, 80206. Telephone 303 388-4511, Printed at 85 West Harrison St., Chicago, I1l. 60605. Controlled circulation postage paid at
- DESIGN ELECTRONICS Chicago, IIl. Send form 3579 to subscription office. EDN is circulated to electronic design engineers and engineering managers in electronic original equip-
ELECTRONICS WEEKLY ment manufacturing industries. Plants having more than twenty employees and manufacturing electronically operated or controlled equipment of their own
l h pa EDN design are considered part of this industry. Engineers in such plants responsible for specification of components, materials and test equipment for electronic
ELEKTRONIK application may receive EDN without charge, Completed qualification form and company letterhead required. Subscriptions to others in continental United

ELEKTRONIK- ZEITUNG

v t , $1 & W f i o
nermatony Busness INTER. ELECTRONIQUE States, $1 per copy. $20 per year. Send requests for qualification forms and change of address to subscription office in Denver, Colorado 80206,
Press Associates

4 EDN May 15, 1970



MAY 15, 1970, VOLUME 15 NUMBER 10

Design Features

Programmable Calculators —
The Engineer’s Personalized Computer (Partil). . ... .. Compare/Systems/Digital 35

What happens when a dedicated engineer is teamed up with a programmable calculator?
Five engineers provided with a calculator for a month tell in detail actual design problems
that they solved with these machines. F

Streamline Flow Graphs for Active Circuits . . . ... ...... Analyze/Circuits/Active 47

Overcrowded flow graphs easily invite error. To maximize a flow graph’s efficiency as an
analysis tool, it should carry only essential information. Judicious parameter selection and
superposition are keys to streamlined flow graphs.

Design Ideas

Shunt Regulator Has Optimized Gain. . . . ... .. T W e e Design/Circuits/Linear S3

Optimize transistor gain to get a low cost,small size IC power supply with this shunt-regulator
circuit that finds wide application.

“U” Cores Speed ROM Quick-Change. . . . ... ........ Design/Systems/Digital S5

Among the many alterable ROM'’s, the braid transformer type is still the quickest and easiest
to change. If you haven't tried it, read this and see how.

Minicomputer Gets Tough! . . ...... ... ... ... . i iat. Package/Systems/Digital 58

Up to now, off-the-shelf minicomputers have led a pretty soft life within comfortable labora-
tory environments. Getting the mini out of the lab and into harsh field environments requires
a rugged package design; here’s how one firm designed package muscle into their mini-
computer.

Synchronized Gating Kills + One-Count Ambiguity ....... Design/Systems/Digital 61

Synchronization of internal gating and input pulses provides a counter with half the am-
biguity usually expected. Instead of = one count, the ambiguity is —1 count max.

Customer Engineering Clinic. . . . . .. ... ... ..., Design/Systems/Linear 63

Addition of a zener diode prevents premature regulator shutdown in an op amp power supply
designed with one dc-to-dc converter.

Design Predictions

Electronics and Astrology . . . . . . .. ... iar DAt S RN P R e . 32

EDN regional editor Tom Rigoli envisions that electronic technology may someday provide a
scientific basis for astrology.

Design Interface
Data Base Profiles Sounding Board/70. . . . . . ... ... . s OB

Better than 2000 engineers replied with personal data for Sounding Board/70. Here are the
profiles on age, income, longevity and group membership. Intense interest in their profession
is the common denominator.






We make

components for
guys who can

stand failures.

You can’t court-martial a
capacitor or a resistor for refusing
to carry out orders. But at Corning
we make our capacitors and resistors
for guys who are demanding enough
to wish that they could.

We make components that
give you an extra measure of per-
formance. Components that let you
make sure your system will deliver
all you designed into it. Because
like you and the guys who use
your equipment, we can’t stand
failures either.

Take our glass capacitors, for
instance. There’s only one reason
why they’ve been designed into the
Surveyor, Minuteman, Gemini,
Apollo, Saturn, Titan, Syncom,
Sparrow, Hawk and a number of
other major aerospace and missile
projects. With our glass capacitors,
their circuit designers could get the
proven stability and reliability that
these important systems demanded.

ULS. Air Force tests have estab-
lished that our glass capacitors
deliver much better stability and
much higher insulation resistance
than ceramic and mica capacitors.

And take our precision tin

oxide resistors. They’re the best of
the metal film class. Because the
resistive tin film is completely oxi-
dized and molecularly bonded to
the glass substrate, our tin oxide
resistors are impervious to moisture
and environmental degradation. No
other resistor can deliver the same
stability and reliability over load
life. They offer guaranteed mois-
ture resistance across all ohmic
values to set a standard of reliability
that can’t be matched by metal film,
wire wounds, carbon comps or
metal glaze resistors. After a 56-day-
long heat test in an environment of
extremely high humidity, our tin
oxide resistors showed a resistance
change of just 0.2 per cent. And in
an ambient temperature test—now
in its ninth year—not one of the 600
tin oxide resistors being tested has
exceeded a resistance change of

1.5 per cent.

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

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

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

At Corning we make compo-
nents for guys who can’t stand
failures. Guys like your most
important customers. Guys like you.
So, next time you’re designing a
system, reach for your CORNING®
capacitor and resistor catalogs and
call your local Corning authorized
distributor for off-the-shelf delivery.
They’ll help you design-in that
extra measure of performance.

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

CORNING

ELECTRONIC

=



Nature invnted

hard-shell protection.

We swiped it.

The Armadillo Connector is here.
We take a connector design that's
already foolproof, and make sure it’ll
stay that way. By wrapping a coat of
stainless steel armor around it to
protect it from all abuse in the field.
It's complete protection. For our
new D Series connectors that
deserve it. For example, they have
the Hughes exclusive PolarHex
center jackscrew coupling system.
This means polarization every
time. Perfect alignment. Easy mat-

ing and unmating.

These connectors are fully envi-
ronmental, too. They come in five
shell sizes, with 18 to 138 contacts.
They have the famous Hughes crimp
snap-in contacts and retention
mechanism. And you can use our
new Pull-Thru insertion tool with
them for faster wiring.

Now the most advanced of all
rectangulars come in the most
advanced packages. (For example,
the shells are mechanically keyed to

prevent mismating.)

Another Hughes innovation.

With armadillos, hard-shell pro-
tection is very old. But with connec-
tors, it's very new.

Write Hughes Aircraft Company,
G© Connecting Devices, 500
Superior Avenue, Newport Beach,
California 92663. Phone (714) 548-
0671 TWX 714 642-1353.

If it's happening in connectors,
it probably started at Hughes
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Sounds from

Sounding Board/70

In past issues of EDN, readers were invited
to join “*Sounding Board/70". This group was
established to provide a meaningful base for
reader opinion about the professional status
of design engineers in electronics.

Our first questionnaire to Sounding Board/
70 members has made its round trip through
the mails and has been tabulated and inter-
preted in this issue’s Interface article begin-
ning on p. 65.

Perhaps more significant than the statisti-
cal tabulations themselves are the hundreds
of write-in suggestions for topics pertinent to
engineering careers. Many of these sugges-
tions extended into opinions and several gen-
eral trends are clear.

Two problems emerge as uppermost in the
minds of Sounding Board members. First,
they think that pension plans should be port-
able. Because engineers (particularly aero-
space) must change jobs frequently, they
take a beating in terms of pension fund invest-
ment. Second, they would like to find a way to
maintain their position on the economic
scale. With labor unions going after the larg-
est wage and benefit package increases in
history, engineers feel that labor is rapidly
closing the gap and even may outdistance

engineers before long.

Though aired repeatedly, a third problem —
professionalism —displayed no unanimity of
opinion. Rather, respondents were polarized,
with many wanting to make engineers more
“professional” and almost as many saying
that the term “professionalism” is meaning-
less when applied to engineers working for a
salary.

Finally, the term “union” is not popular.
Most readers feel that some kind of an asso-
ciation is necessary to protect the engineer’s
economic interests but, please, don't call it a
union.

Several topics pointed out by our first sur-
vey now are under study at EDN. We will be
reporting on them in Interface articles as
they are developed. Meanwhile, we'd like to
thank you for your interest in Sounding
Board/70. We'll be “telling it like it is", point-
ing out the pros and cons of many questions
crucial to engineering careers in future is-
sues of EDN. As a publication vitally con-
cerned with the well-being of our entire in-
dustry, our position will be to faithfully re-
flect, and identify as such, both opinion and
fact surrounding questions vital to you and

your career.

Editor




the decade and its capability

" Application of the versatile Veeder
Decade is limited only by the designer’s
e imagination, and . ..

you'll find that its tremendous flexibility produces ever-
widening vistas of possibility. A module that's easily stacked
into a compact, multi-digit counter package, the Decade

is the ideal unit for high-speed count accumulation, storage
and transfer in data processing, control equipment
systems, and . . . well, about the only thing we can’t count

is the number of applications for this unique product.

The Series 1969 is a single wheel electric counter with
electric read-out (BCD or decimal), transfer and reset, and
2400 cpm speed. It combines large figure readability with

narrow width for space economy. Another Decade model,
the Series 7266, offers wheel configurations for recording
time and counting dozens and denominations of money.
The 1969 is only one of the many performers in Veeder-
Root's total capability lineup of counting, recording, and
controlling instruments—mechanical, electrical, electronic.
For information about our complete line, write: Veeder-Root,
70 Sargeant St., Hartford, Conn. 06102. (203) 527-7201.

VEEDER-ROOT V,

=
INNOVATORS IN NUMERICS: COUNTING/RECORDING/CONTROLLING a

Veeder-Root World-Wide: Argentina: Buenos Aires - Australia: Melbourne - Brazil: Sao Paulo « England: New Addington, Surrey - Scotland: Dundee - West Germany: Neuhausen/Filder - Canada: Toronto
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How To Solve Your
Power Supply Problem-

28 VDC to 400 ~ 3¢
Model Q10D-115A-400Y .

Size 6” x 6” x 4” — Wt. 8.3 Ibs.
Output 100 volt amps

60 A to DC (Reg)

Model V6D-27.6A

Size 412" x 6” x 4” — Wt. 10.3 Ibs
Output 28 VDC at 2.1 amps

400 A to DC (Reg)

Model T3D-48.6A

Size 2%” x 3” x 3Ya” — Wt. 2.3 Ibs.
Output 48 VDC at 618 ma

28 VDC to DC (Reg)

Model AK1D-1970A

Size 1Y2” x 2%” x 3" — Wt. 1 Ib.
Output 2000 VDC at 5 ma

NEW! Mil-Spec Quality Power Supply Modules
for All Types of Power Conversion

Abbott has a new line of power supply
modules. They are built to meet military
environment-MIL-E-5272C. All types are
available with any output voltage you need
from 5 wvolts to 10,000 volts DC — and DC
to 400 A inverters with either 1¢ or 3¢
outputs.

DC to 400 %+, 3¢ — This new inverter
changes 28 VDC battery voltage to three
phase power with outputs of 33, 66, and
100 volt amps, 400 cycles or 800 cycles, as
well as output voltages of 115 VAC or 27
VAC. All three phases are indepently reg-
ulated at 1%. Also, 1¢ output units are
available with powers of 30, 60, 120 and
180 volt amps, 400 cycles or 800 cycles, at
115 VAC or 27 VAC. All of these solid state
inverters are completely described on
Pages 13, 26 and 27 of our new catalog.

60 S to DC — These modules are the
smallest, lightest weight 60 A to DC
power supplies we have seen. They are well
regulated for line and load changes. Her-
metically sealed for military environment
they will operate to 160°F heat sink tem-
peratures. They are available in any output
voltage you meed — 5 volts to 10,000 volts,

If you need a power supply module in a hurry
please check pages 1727 to 1740 in your EEM
(1968-69 ELECTRONICS ENGINEERS
MASTER Directory). Most of the above units
are listed there. Or, for a complete list of our
power supply line please send for your FREE
36-page catalog.

abbott transistor I

LABORATORIES, INCORPORATED

5200 W. Jefferson Blvd. * Los Angeles 950016
Area Code 213 « WEbster 6-8185
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with power outputs of 5, 10, 20, 30, 60, 120,
and 240 watt sizes as standard catalog list-
ings. You will find them completely de-
scribed with prices on Pages 2, 3, and 4 of
our new catalog.

400 A+ to DC (Reg) — Designed espe-
cially for 400 £ input power, this line
of converters is available with any output
voltage you want — 5 volts to 10,000 volts
DC. Power outputs of 5, 10, 20, 30, 60, 120,
and 240 watt sizes are standard. Well-
regulated and hermetically sealed, these
units are described on Pages 5, 6, and 7
of our new catalog.

DC to DC (Reg) — Some of these DC to
DC converters are as small as a package
of cigarettes and weigh less than a pound.
Output voltages from 5 volts to 10,000
volts are all listed as standard models in
our new catalog. Power outputs come in
standard sizes from 5 to 240 watts. These
converter modules feature close regulation,
short circuit protection and hermetic seal-
ing for rugged applications found in mili-
tary environment. They are listed in order
of increasing output voltage on Pages 8,
9, and 10 of our new catalog.

T0: Abbott Transistor Labs, Inc., Dept. 41
5200 W. Jefferson Bivd.
Los Angeles, California 90016
Sir:
Please send me your latest catalog on power
supply modules:

NAME DEPT. ——
COMPANY
ADDRESS
CITY & STATE
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s cn happen-

it's agood thing there’sTEFLON.

Wire insulation of TEFLON: You can in-
stall it and Forget about it. You can Forget about
the hazard of lammability, the hazard of embritt|e-
ment or stress cracking under thermal aging, the
hazard of solder-iron damage during installation,
the hazard of heavy smoke emission under elec-
trical overloads.

You can count on this unbeatable combi-
nation of protective properties. .. and on superb
electrical properties that remain unchanged over
a wide range of temperatures and adverse en-
vironments. You can count on unsurpassed re-
sistance to corrosives and chemicgals. In composite
constructions you can get whatever extra resist-

ance to cut-through and abrasion you may need.
Consider insulation of TEFLON for any
electrical, electronic or aerospace application
that calls for reliability and dependable perform-
ance. Ask your wire and cable supplier about
the type and construction that best meet your
needs. For specific information, write us, mention-
ing the application you have in mind. Address:

Du Pont Company, Room 87458, Wilmington,
Delaware 19898.

TEFLON
fluorocarbon resins

REG U § PAT OFF
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ISOLATION
@ CAPABILITY
UP T0

1,000 VOLTS

Optically-coupled isolators
deliver four interface freedoms.

Freedom from noise.

Electrical isolation of the input
diode and output transistor elimi-
nates ground loops and noise sig-
nal transmission.

Freedom from voltage isolation
problems.

Input/output isolation of up to
1000 volts allows for the simple
interface of different voltage levels
and suppresses high voltage tran-
sients.

Freedom from the cost and de-
sign problems of interfacing.

TI optically-coupled isolators
(OCIs) handle the job alone. You
don’t need complex circuits to pass
noise-free signals between input

terminals and computers and along
transmission lines.

Plus, you get these important
advantages over relays and pulse
transformers: Response from de to
100 kHz. High shock and vibration
immunity. Bounceless action.
Speeds to 5 u sec. Wide operating
temperature range. Longer life.

Freedom from space limitations.

| In a tight spot? TI OClIs fit
"}‘F into high density situations
R+ A with ease. The twin TO-18

sze. metal can measures just
0.206" x 0.220" diameter.

And, performance is improved,
too.

A more efficient emitter guaran-

tees you a 1.6 mA output for a 15
mA input. Enough to drive logic
gates without additional compo-
nents. Example: the TIL 107 and
TIL 108 OCIs guarantee direct
DTL/TTL ecompatibility. You cut
space, weight, power and overall
system costs.

Both are available now at new
lower prices: TIL 107—$6; TIL 108
—$10 (100-999). Call your TI sales
office or authorized TI distributor
for fast delivery.

For a data sheet, write Texas In-
struments Incorpo- =
rated, PO Box 5012, MS U
308, Dallas, Texas 75222.

Or circle number 193.

TEXAS INSTRUMENTS
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M Four full digits plus “1” for 20%
overranging

M Rechargeable battery operation
optional

B Measures ac and dc volts in four
ranges to 1200 volts

B Measures ohms in five ranges to
twelve megohms

M Active 2 pole switchable filter
B Automatic polarity indicator

M All functions push-button select-
able

H1008 DIGITAL MULTINETER

6 e

FILTER FUNCTION
weeco ]

| @.‘“ ON.BFF (AC VOLTS BC VOLTS KR

_Inpyr

RANGE
14 1ee § onofr

1]

The digital multimeter

you can believe

Announcing the Fluke 8100A, a completely portable 0.02% digital multimeter for $695.

The only way to build a multimeter with no last digit
uncertainty is to add an ‘“‘extra digit.” That’s exactly
what we’ve done with the new Fluke 8100A. Here is
an instrument with nine times the accuracy of three
digit units selling at only half the price of comparable
four digit multimeters.

How? ‘

We've used an A to D conversion technique new to
the DVM field. The result is an instrument with low
power drain, simplicity of circuitry, troublefree oper-

“ation and the uncommon accuracy you expect from

Fluke.

Standard features include ac measurement accuracy
of 0.2% and resistance, 0.1%. For real portability,
batteries will operate the multimeter continuously up
to eight hours without recharging. Battery operation,
the only option, is priced at $100. Accessories avail-
able include high frequency and voltage probes,
switched ac-dc current shunts and a ruggedized
case.

I L u K E Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-

2850. In Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland.

®

Phone: (04250) 70130. Telex: 884-50237. In the U. K., address Fluke International
Corp., Garnett Close, Watford, WD2 4TT. Phone: Watford, 27769. Telex: 934583.

CIRCLE NO. 15



Up Op Amp Power. No separate, dis-
crete driver transistor needed now
— it’s all there on one monolithic,
EpiBase* power chip: driver
transistor, output device and base-
emitter resistors.

VOLTAGE REGULATOR

—§- ﬂEln —E,t
: i 7
2N2905
K <
- I, 7
i

BLEEDER
RESISTOR

AAA,
VWA

W

Compress Your Costs. Cut space and
heat sinking needs, assembly time
and components because the driver
device is now on the same heat sink
as the output unit. Reliability rises,
too.

DARLINGTONS SIMPLIFY!

DC STATIC SWITCHES

Load Connected
to Supply

Load Connected
to Ground

ON

CONTROL
SIGNAL

OFF

CONTROL
SIGNAL

ON

0-VOLTS 0-VOLTS

Put In Either Polarity. Positive or
negative-based systems are possible
with your choice of either PNP or
NPN devices that can also be used
as complements in audio amplifiers.

Perform With Package Variety. Be-
sides the 5 A, TO-3 darlington, you’ll
soon have your choice of Thermopad
plastic packages 77 and 90 — two
sizes of case economy that will fur-
ther reduce design costs.

~ whene the priceloss ingnedient & eane!

16
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LAMP FLASHER

o+

Obtain 1,000 dc gain. Yesterday, 25
minimum beta was great — today,
Motorola power darlingtons give
you a minimum of 1,000 . . . an
unheard-of, commercial /industrial
state-of-the-art first!

IC FREE
RUNNING
, MULTIVIBRATOR 3A1

30-W AMPLIFIER USING COMPLEMENTARY SYMMETRY

Innovate With 1/C’s. Drive the 3 A _L (R ' Y

darlington with power levels derived

from integrated circuit logic gates. I
o

AAA

o1y > [ MPS A56
Go from milliamperes to amperes 9 AU SO
directly, compatibly, easily. ¢l
DC MOTOR SPEED CONTROL _l_
o =
]
S
.—_I :»
Ic
FLIP
FLOP
- O X -

evolu

Revolutionize Right Now. Introduce
your relay or solenoid drivers, audio
amplifiers, power supply regulators,
servo amplifiers and series pass regu-
lators to today’s world of silicon
power darlington systems — contact
your franchised Motorola distribu-
tor for evaluation units or, for
complete data, Box 20912, Phoenix,
85251 . . . the place it all begins.

ze Today

)

*Trademark Motorola Inc. The civcu!lry shqwn external to Motorola
products is for illustrative purposes only,
and Motorola does not assume any responsi-
bility for its use or warrant its performance
or that it is free from patent infringement.

M O TOR OL A Silicon Power Transistors

CIRCLE NO. 16
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Bell & Howell Makes
The Best Hybrid
Operational Amplifiers

All the physical features, parameters and characteristics that
are vital to the packaging and performance of op amps in your
circuitry are built into Bell & Howell hybrid op amps. Every
model is engineered for optimal balance between performance,
size and cost — and offer these major features:

Offset, trimmed, No Pot Required Input and Output Fully Protected

« Choice of Bipolar or FET input + Frequency Compensated
+ Small, Compact Size (0.6” x 0.6” x - gf;?)?l?trature Cycled for User
0.25") Epoxy & T0-8 !
. : » 100% Electrical Test Critical
+ Hermetically & Plastic Packaged Parameters

» MIL & Commercial Temperature Range  « Test Documentation Available

SPECIFICATIONS: MEDIUM GRADE PRODUCT
20-007 20-247 20-107 20-008 20-248 20-108

Voltage offset max. .2mv 2mv 2mv Imv 1mv 1mv
Thermal rate max. Suv/°C S5uv/°C S5uv/°C 25uv/°C  25uv/°C  25uv/°C
Input bias current max. 150na 100na 150na Spa 5pa Spa
Common mode rejection  typ. 100db 100db 100db 80db 80db 80db
Open Loop Gain (at 10 kHz) min. 2,000v/v  2,000v/v  2,000v/v  1,500v/v  1,500v/v  1,500v/v
Output current min. +5ma +5ma +5ma © +5ma +5ma +5ma
Price (in quantities of 100) $16.00 $24.00 $16.00 $29.00 $51.00 $29.00

CONTROL PRODUCTS Division

706 Bostwick Ave., Bridgeport, Conn. 06605 (203) 368-6751

¥ BELLe HOwELL

CIRCLE NO. 29
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U.S. Pat. 3352979

(Need an emergency shipment today? Call (201) 374-3311.)

CIRCLE NO. 18
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\ Raytheon beam lead devices
available now in chip form,
in standard or custom packages,

or in hybrid assemblies.

Iedd %




Help! We're up to our ears in beam lead
semiconductor devices. All kinds. And more
coming every day.

Hybrids, cans, dips or chips

Buy the chips. Take them in TO-18 cans or DIPs.
Get them in custom packages. Or take
advantage of our capability to

design, assemble and completely

test them in custom hybrid assemblies.

Any way you need them,

we'll sell them. Now.
So don't just
stand there.
Send orders.
To the company
that gets

the ideas and
delivers the
goods.
Raytheon
Semiconductor,
350 Ellis St.
Mountain View,
California
94040.

Phone (415)
968-9211.

Raytheon custom beam lead
hybrid assembly

CIRCLE NO. 19

Come and get them
lead T2L RAY | & Il series

1, 2, 3: Dual 4 input line driver

1, 2, 3: Expandable single 8 NAND g
1, 2, 3: Quad 2 input NAND gate

1, 2, 3: Quad 2 input AOI expander
RG240, 1, 2, 3: Dual 4 input NAND gate
RG250, 1, 2, 3: Expandable quad 2 AOI gate
RG310, 1, 2, 3: Exp. dual output, dual 2 input AO
RG320, 1, 2, 3: Triple 3 input NAND gate
RG380, 1, 2, 3: Hex inverter

Beam
RG130,
RG200,
RG220,
RG230,

ate

| gate

RF100, 1, 2, 3: Dual JK flip-flop (separate clocks)
RF110, 1, 2, 3: Dual JK flip-flop (common clock)

RF200, 1, 2, 3: JK flip-flop (AND inputs)
RF210, 1, 2, 3: JK flip-flop (OR inputs)

RF9601/8601: Retriggerable monostable multivibrator

RL10, 1, 2, 3: Fast full adder

RL20, 1, 2, 3: Dependent carry fast adder
RL30, 1, 2, 3: Independent carry fast adder
RL40, 1, 2, 3: Carry decoder

RL60, 1, 2, 3: Four bit storage register
RL70, 1, 2, 3: Four bit storage register

Beam lead T2L RAY IIl series

RG3380, 2: Hex inverter

RG3390, 2: Dual 4 input AND gate (split outp
RG3410, 2: Quad 2 input NOR gate

RF3200, 2: J-K flip-flop (AND inputs)

Beam lead linear circuits

RM709: Operational amplifier
RM741: Operational amplifier

Beam lead transistors

BL1000: 2N930 equivalent. TO-18 cans 6/15.
BL1001: 2N2484 equivalent. TO-18 cans 6/15.
BL1002: 2N918 equivalent. TO-18 cans 6/15.
BL1003: 2N2221 equivalent. TO-18 cans é/15.
BL1004: 2N2221A equivalent. TO-18 cans 6/15.
BL1005: 2N2222 equivalent. TO-18 cans 6/15.
BL1005QD: Quad DIP 2N2222

BL100é: 2N2222A equivalent. TO-18 cans 6/15.
BL1007: 2N2906 equivalent. TO-18 cans 6/15.
BL1008: 2N2906A equivalent. TO-18 cans 6/15.
BL1009: 2N2907 equivalent. TO-18 cans 6/15.
BL1010: 2N2907A equivalent. TO-18 cans 6/15.
2N929: Available in chips only

2N2369:
2N2483:
2N2604:
2N2605:
2N2894:
2N2945:

Available in chips only
Available in chips only
Available in chips only
Available in chips only
Available in chips only
Available in chips only

Beam lead diodes

IN914: Available in chips only
IN3600: Available in chips only

Beam lead memories

RR6100: 64 bit bipolar RAM (0° to 75°C)
RR5100: 64 bit bipolar RAM (-55° to 125°C)
RR6110: 256 bit bipolar RAM multi-chip array

uts)

Chips
Chips
Chips
Chips
Chips
Chips

Chips
Chips
Chips
Chips
Chips

Now
Now
Now
Now
Now
Now
Now
Now
Now
Now
Now
Now
Now
Now

Now

Now
Now

Now

Now
Now
Now

Now

Now

Now

Now
Now
Now
Now
Now
Now
Now
Now
Now
Now

Now

Now
Now
Now
Now
Now
Now

Now

Now

Now

615
/15
/15
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Terminal Uses Chemistry
To Conserve Electronics

NEw York — Electronics isn’t everything. Believe it or not
there are other ways of doing things. Corning says the
chemistry of a novel glass can be used to save as much as
$100,000 worth of electronics in a graphic-display, time-
share terminal for computers. This time the glass is not
used for ovonic switches but for carrying many millions of
tiny silver-halide particles that can be “switched” to dark

Image projected on viewing screen is green because this is the
wavelength that least disturbs the image in the special glass.
The image tends to be a bit faint on present models and shows
progressive fading after the first few minutes which permits the
refresh sequence to be followed easily.

Corning terminal (below) projects a “frozen-in” picture from a 2-
by 3-inch rectangular plate of special glass onto a rear-projec-
tion screen. Most of the cabinet space under the screen is taken
up by various light paths directed back and forth between mir-
rors. The image can be deflected by one mirror to an electro-
static copier that normally is located at the right side of the
console.

states, will stay in these dark states for a while, and then
can be switched back to transparent states. The optical
memory in the glass plate eliminates the usual large
amount of electronic memory needed to keep a CRT re-
freshed.

Corning has built a graphic computer terminal around
a 2- by 3-in plate of this “photocromic” glass from which




they project 8-1/2 by 11 in displays. The company is offer-
ing the terminal for about $20,000. They say it does the
work of all-electronic CRT terminals costing from $60,000
to $150,000.

Writing in the Corning 904 terminal is by a two-step
process (see sketch). First an electron beam in a more or
less conventional CRT excites an ultra-violet phosphor
plate behind the Corning glass plate. The UV is of the
right wavelength to break down the silver-halide parti-
cles and they darken. The Corning plate is divided into
many small “light pipe” segments so the UV darkening
will be kept localized to prevent fuzzy lines in the display.

To make the memorized picture visible (the glass does
not generate light like a CRT) and to enlarge it for easier
viewing, Corning bounces a green light off it, magnifies
the image, and rear-projects the image on a relatively
large viewing screen. This resembles a viewgraph projec-
tion. A green projection lamp is used as the green wave-
length falls neutrally between the UV that writes on the
glass and the IR that erases it. y

The projected image of Corning’s first three units that
EDN examined did not appear especially bright or sharp
to EDN. There was also a noticeable fading over the fifteen
minute period we took while interactively asking the
computer to go through various curve fitting refinements
as shown in the illustration. The first curves would have
faded slightly by the time the computer drew our last re-
quest.

However, there was absolutely no flicker as in CRT dis-

plays and we found we quickly got used to the way the
display wrote what the remote central computer told it to.
(Incidentally, it was interesting in this demonstration to
see the line being drawn pause while we lost priority to
some other time-share customer.)

An advantage of the liberal use of projection in this
terminal is that it is relatively easy to “play around” with
the image. For example, Corning inserts slides into the
light path to throw graph grid lines on the screen. This is
a lot cheaper than having these graphs “piped” in from a
central time share computer and, according to Corning,
can significantly cut down the on-line time charges in
time sharing.

Another use Corning makes of the optical flexibility is
to rotate a mirror into the light path to deflect the image
from the screen to the electostatic copier. Making a copy is
as simple as hitting the “copy” button and takes no more
time than with an office copier.

The terminal can only store one image at a time (unless
one doesn’t mind writing one on top of another) so must be
erased between “pages”. To erase, Corning floods the glass
plate with an infrared lamp. This causes the silver-halide
particles to recombine and become transparent again,
ready for another use. Unfortunately, the erasing is not
selective so one cannot do neat editing. Instead one must
either blanket erase and start all over again or cross out
mistakes and write over. Also, Corning warned us not to
erase too frequently as there is danger that the IR heat
build up would damage the system.

PROBING LAMP OVERLAY SLIDE

{GBEEN) ' RELAY LENS

‘)DM it
I\

\

:::%:

Ct

HEAT-CONTROL FILTER PROBING FILTER

Electron beam in CRT is deflected and blanked
under command of signal from a source such
as a central computer in the same manner as in
conventional CRT terminals. The electron
beam'’s “writing” is converted via the UV phos-
phor into permanent writing on the special
photochromic glass. The image stored in the
special glass is reflected onto the final viewing

BEAM SPLITTER

[DlCHROIC COATING

ELECTRON BEAM

B /
\;\—' UV PHOSPHOR
PHOTOCHROMIC TARGET

=— REAR PROJECTION SCREEN (READOUT)

screen.
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Design News

Better Colors with

Ferroelectric Ceramic

ALBUQUERQUE, N.M. —Engineers at Sandia Labs have
come up with ferroelectric ceramic material that is vastly
improved over earlier versions. With the new materials,
colors are much sharper than was possible when these
ceramics first were reported (see EDN, December 68,
p. 26).

The improved ceramic is a type that exhibits no rema-
nence, but does offer very distinct colors for display ap-
plications. While the earlier versions also displayed mul-
ticolors, they were not as sharply contrasting as can be
obtained with the new. In the photos shown, the sample
used has a 1-mm gap between aluminum electrodes that
have been evaporated onto the ceramic.

In the work being done at Sandia, two other types of
ferroelectric ceramic structures are in use. They are
termed linear and tetragonal and exhibit a remanence
characteristic when a sufficient electric field is applied
then removed. Both optical memory and display appli-
cations have been cited for these.

Multicolors are obtained in ceramic material by applying electric
field across the 1-mm gap, 8.5-mil-thick sample. Colors relate to

applied field as indicated on these photomicrographs.

Programmable ROM Debuts

MELBOURNE, FL.—Bipolar programmable ROM has “ni-
chrome” fuse links on a 88- by 155-mil chip. Addressing
any one bit of the 512-bit ROM while applying a 30-mA
current to the corresponding output lead blows that fuse
link. Result is a programmed “1” for that bit. Fuse links
are shown on lower portion of Radiation Inc. photo. For
complete details see article on page 71.

24

Ferroelectric ceramic samples are viewed through crossed po-
larizers and a full-wave (first order blue) plate. Variety of colors
produced in the lead-lanthanum-zirconate-titanate 20-mil-
thick samples is caused by variations in thickness and by
strains present in the unannealed plates.

EDN May 15, 1970



...like more capacitance in aluminum ’lytics?

Get SPRAGUE Type 36D

- POWERLYTIC"
CAPACITORS

e Large cylindrical electrolytic capacitors for use in digital computer
power supplies, industrial control equipment, energy storage
applications, etc ® Low impedance construction ® Largest

case (3” dia. x 8 %" high) provides 650,000 uF at 3 volts!

e Can be operated at +85 C e Tapped No. 10-32 terminals simplify
filter bank assembly e Available with or without outer plastic

CIRCLE NO. 83 insulating sleeves ® Request Engineering Bulletin 3431C

4SC-9153R2

Buy resistors with built-in dependability. . .

Vitreous-enamel BLUE JACKET
POWER WIREWOUND
RESISTORS

e All-welded end-cap construction eliminates moisture along
leads, also anchors leads securely to resistor body e Expansion
coefficients of vitreous coating, ceramic core, and end caps

are closely matched e Standard wattage ratings include 1, 2, 2.5,

3, 5,7,10, and 11 watts @ Also available with radial tab terminals

in ratings from 8 to 230 watts @ Request Engineering Bulletin 7410D

CIRCLE NO. 84

4SR-9145R2

For Engineering Bulletins as noted above, write to:
Technical Literature Service, Sprague Electric Co., 491

®
Marshall Street, North Adams, Massachusetts 01247, s p n n G u E

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

"Sprague’ and @ are registered trademarks of the Sprague Electric Co
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SIS

with guaranteed
3-tday shipment

The Acopian promise of 3-day ship-
ment doesn't apply to just part of our
line—or to even 90% of our line. It is
your assurance that whenever you
order supplies listed in the Acopian
catalog, your order will be on its way
to you in 3 days. We guarantee it.

Do you have the latest Acopian cata-
log? It lists AC to DC power modules
with both single and dual outputs.
Regulated and unregulated. With
plug-in, barrier strip or solder lug
terminations. For industrial or MIL-
spec applications. For your copy,
write Acopian Corp., Easton, Pa.
18042 or call (215) 258-5441. And
remember, every Acopian power mod-
ule is shipped with this tag...

S
Is POWER SUPPLY WA
b SHIPPED WITHIN

Aeopian’

’334%’

e e e s
CIRCLE NO. 21
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MOS/LSI + Electronic Printout
=1.8 Ib Calculator

NEw York—Canon Inc. has teamed
Japanese production/assembly skills
with advanced U.S. semiconductor
technology at Texas Instruments In-
corporated to develop the first all-
electronic printout calculator expect-
ed to sell for $400 when available in
the early part of 1971.

The new battery-powered calcula-
tor, called the “Pocketronic” is the
first to eliminate both failure-prone
mechanical printers and glass num-
ber tubes. The calculator evolved
from a joint development program
between Canon and Texas Instru-
ments.

Large-scale integration from TI
helped Canon achieve the small
size—4 by 8-3/16 by 1-15/16 —and
light weight—1.8 lb. —that make it
the world’s first truly personal calcu-
lator.

Despite its compactness, the “Pock-
etronic” performs a full range of addi-
tion, subtraction, multiplication, di-
vision, credit balance and other ma-
nipulations of numbers as large as 12
digits, to four decimal places.

All “Pocketronic” calculations are
performed by three MOS/LSI arrays
built by TI at its new Houston facili-
ties. The logic in the calculator is par-
titioned as follows:

Chip No. 1-127 by 146 mils, con-
taining all circuitry for character
generator and timing counters;

Chip No. 2—-160 by 162 mils, con-
taining key encoder, buffer register,
input register, adder and accumula-
tor;

Chip No. 3—135 by 167 mils, con-
taining all control logic circuitry.

The control logic chip is built using
TI’s programmable logic array (PLA)
concept, first announced at the 1970
IEEE Show in March. This logic is a
unique combination of master/slave
J-K flip-flops and static read-only
memories, all on a single MOS/LSI
chip.

TI's PLA approach involves pro-
gramming the final gate oxide-re-
moval photomask used during the

Jointly developed by Canon and Texas
Instruments, the ‘“Pocketronic” is the
world’s smallest electronic calculator. It
uses complex TI MOS (metal oxide semi-
conductor), LSI (large scale integration)
circuits, and TI's recently patented elec-
trothermal printer for number display and
hard copy printout. Canon expects to be-
gin marketing its calculator in the U.S.
during early 1971, at under $400.

manufacturing process, so that a cus-
tom array can be produced at costs
usually associated with standard de-
Computer-aided design and
software routines convert Boolean
equations into commands which con-
trol the extent of oxide removal, and
thus the logic configuration.

Heart of the “Pocketronic’s” all-
electronic, low-cost printer is a spe-
cial semiconductor thermal printhead
which is part of a new thermal print-
ing system for which a patent was
issued to TI this past February. Sig-
nals from the LSI circuits cause se-
lected segments of a 20-square mosaic
(4 x 5) on the surface of the IC print-
head to reach about 400°F within a
hundredth of a second, forming sharp,
clear numbers on a 1/4-in-wide strip
of heat-sensitive paper magnified
through a special window for easy
visibility.

Schematically, each mesa is an
electrically/thermally isolated area
of the printhead. Diffused into each
mesa is a transistor. When the tran-
sistor is saturated, dissipated in the
collector resistance heats the mesa.

The only discrete devices in the
Pocketronic are mounted on a single
2-3/4-in-square printed circuit board,
and are associated with paper
advance and system clock generator.

vices.

EDN May 15, 1970



TRY TO
MATCH
THIS

for size and reliability

you can’t!

For their size, Type BB resistors pack a tremendous power
dissipating ability. Rated 1/8 watt at 70°C in a 0.0004375
cu. in. volume.

And miniaturization has not reduced reliability. Tests
prove it. They satisfy the highest level—the S level—of the
latest MIL-R-39008 Established Reliability Specifications
in all resistance values.

The key is hot molding—the Allen-Bradley way. A-B
developed and built the machines. Only A-B uses them.
They’re fully automatic. Built-in precision control. A high
degree of uniformity. Predictable performance from resis-

tor to resistor—year after year. !

For immediate delivery at factory prices call your Exclusive
authorized A-B industrial electronics distributor. Or write Only A-B Type BB
Marketing Dept., Electronics Division, Allen-Bradley Co., RCROS mests MiL-R-39008
1201 South Second St., Milwaukee, Wis. 53204. Export SR sishiteaaaiahig)

for 1/8-watt resistors
at the S level.
Shown actual size.

Office: 1293 Broad St., Bloomfield, N.J., U.S.A. 07003. In
Canada: Allen-Bradley Canada Limited.

© Allen-Bradley Company 1969

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

EC69-80

hamika 3% add ik



400 Hz
Solid
State
Relays

for military & commercial aircraft

Originators

R

AT

The originators of TO-5 relays
announce another first! Solid
state relays that meet or ex-
ceed all categories of MIL-
STD704A.Transient pro-
tected on input and output.
Features include an ultra-
sensitive “coil” (compatible
with 5 volt logic systems, such
as TTL), and a zero-voltage
switching option to minimize
RFI. They can switch over 5
KW, resistive or inductive
loads (50-500 Hz).

Extremely high reliability and
maintenance-free operation

make them ideal for aircraft
control and power system ap-
plications. Three input “coil”
ranges are available, 3-8 VDC,
7-85 VDC and 90-230 VAC.
Features include low contact
resistance (50 milliohms typi-
cal) and contacts capable of
withstanding overloads
1000% above ratings. Lack of
moving contacts prevents
arcing, permitting switching
in explosive atmospheres,
controlling motors, solenoid
valves, actuators, transform-
ers, etc.

The high contact surge rating is ideal for lighting
control systems (5000 watts of tungsten lamps can
be switched). For complete technical data on our
400 Hz Series 6 Solid State Relays and solutions
to your 400 Hz power switching problems, contact

e
TELEDYNE
RELAYS

3155 West El Segundo Blvd. Hawthorne, Calif. 90250
Telephone (213) 679-2205

28
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New Class of

Design News

Semiconductor Devices Reported

Murray HiLr, N. J. — Employing prin-

ciples that haven’t been used in semi-

conductor technology before, scien-
tists at Bell Laboratories have creat-
ed a new class of low cost and reli-
able electronic devices for imaging,
logic and memory functions.

Their new devices are called
Charge Coupled Devices (CCDs). Per-
forming many of the functions of
more highly complex ICs, CCDs are
simple, easily fabricated, three-
layer structures.
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n-TYPE MATERIAL

Charge Coupled Device (CCD) creates and
stores minority carriers, or their absence,
in potential wells near the surface of the
semiconductor. The minority carriers may
be moved from under one electrode to a
closely adjacent electrode on the same
substrate by applying a more negative
voltage to the adjacent electrode.

In experiments, Bell Labs sci-
entists used CCD structures con-
sisting of metal conductors, a layer
of gilicon dioxide and a base of hom-
ogeneous silicon semiconductor. The
devices are expected to be produced at
lower cost and have potentially
higher reliability than complex ICs
now used for the same functions.

A number of applications have been
suggested for this simple device.

Shift Register — Minority carriers
may be stored and moved in precise
patterns, in two dimensions, and can
be detected and measured at some lo-
cation. The basic shift register may be
used to construct a recirculating mem-
ory or used as a delay line.

Imaging Device—Such a device
may be made by shining a light image
on the bottom of the semiconductor
part of the device, creating electron-
hole pairs. The holes will diffuse to
the electrode side where they can be
stored in the potential wells created
by the negatively charged electrodes.
Later, the image may be read out
via shift register action.

Semiconductor Processing
Automated by lon Implanter

Tokvo, dJapan—Fully automated
manufacturing of diodes, transis-
tors and MOS has been successfully
achieved in trial runs by Hitachi, Ltd.

With a specially designed ion im-
planter, reported to be the first of
its kind in the world, the process is
expected to pave the way for com-
pletely automated production of semi-
conductor devices.

In the Hitachi process, impurities
such as boron and phosphorus are
ionized, accelerated at 200 kV and
implanted into the silicon substrates.

Advantages over the conventional
thermal diffusion process according
to Hitachi are:

—Ions can be implanted simultane-
ously into a maximum of nine silicon
wafers, therefore processing of a large

number of semiconductor devices with

uniform characteristics is possible.
About 40 wafers can be handled per
hour with this machine.

—Computer-controlled automatic pro-
duction is possible. Adjustment of the

ion source and acceleration voltage
can be handled easily and safely at
ground potential.

—The amount of impurities can be
monitored during the processing, be-
cause direct measurement and con-
trol of ion beam current are possible.
— Processing can be done at relatively
low temperatures, ranging between
400 and 900°C., while the thermal
diffusion process requires 1000 to
1200°C.

MOS field effect transistor test-
manufactured by new ion-implanter.

"Speaking
of lamps...”

IEE builds subminiature lamps with stabil-
ized filaments, longer life, uniform bril-
liance, unmatched reliability . . . at half the
cost of competition. Seems like magic, but
it isn’t. It’s extra long aging at rated volt-
ages. (Forced aging shortens lamp life.)
It’s extra care in selection. It’s such features
as handmounted Swiss tungsten filaments
and multi-point testing, all inherent in a
stringent, quality assurance program
for over 500 varieties. Let
your IEE representative
shed a little light on lamp
savings for you today.
(Get the rub?) Industrial
Electronic Engineers, Inc.,
7720 Lemona Avenue,
Van Nuys, California
91405. (213) 787-0311,
TWX-910-495-1707.
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Design Briefs

Smile! You’re on

World’s first color-screen telephone
will be demonstrated at Expo '70 in
Osaka, Japan. New system uses the
same circuit techniques developed
last year for Toshiba microcolor TV
camera. Telephone user sees the face
of the other party on a 12-in color re-
ceiver tube set in an oval console.
Above it is a 3-in image of his own
face, and by pushing a button he can
see his own face on the larger color
screen.

Clearing Channels

A new communications system re-
duces police radio channel overcrowd-
ing by replacing some voice messages
with digital
Readily added to present systems, the
equipment relays certain messages
as quick bursts of tones. It was devel-
oped by Sylvania Electronic Systems,
Mountain View, Calif.

The system comprises patrol car
equipment to send and display mes-
sages and a base station display and
console linked to a computer. By push-
ing a button, a patrol officer can send
such messages as “need assistance”,
“out of service”, or “send ambulance”,

data transmissions.

and do it faster and less obtrusively
than he could by voice transmission.
The station computer times an officer
who must leave his car during an in-
vestigation and sounds an alarm if
he does not report within several
minutes. The equipment also enables
patrol cars to get an immediate and
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direct record check on a car license
number from state motor vehicle de-
partment computers.

To Speed Mail

PROMPT (Program to Record Offi-
cial Main Point-to-Point Times), de-
signed to monitor the flow of mails
has begun preliminary testing at
San Diego’s main post office. Con-
ducted jointly by the Bureau of Plan-
ning and Marketing, Post Office De-
partment, and General Dynamics,
PROMPT uses “electronic letters”,
each containing a printed circuit card,
mailed in various mail classes in all
types of containers, mixed with regu-
lar mail, and addressed to known
destinations.

Electronic tracking equipment re-
cords the time it takes for test letters
to be moved from deposit locations,
sorted and processed, identifying po-
tential bottlenecks to keep the mail
flowing.

X-Rays Huge Vessel

A new, highly maneuverable radio-
graphic linear accelerator is capable
of penetrating up to 20 in of steel.
Combustion Engineering, Inc., (C-E)
supplies nuclear power generating
components and hardware including
welded reactor vessels weighing up to
655 tons and up to 12-in thick with
seams that must be X-rayed for de-
fects.

The Linatron 1500, a linear ac-
celerator manufactured by the Radia-
tion Div. of Varian Assoc., performs
fast and accurate X-ray functions on
all C-E’s pressure vessels. The 7-1/2
MeV, 1500 rad/min device is much
smaller than conventional extra-
depth X-ray apparatus, weighs only
2000 Ib and is only 66 in long. Key to
the compact size of the X-ray head is
Varian’s new vacuum-sealed stand-
ing wave accelerator with integral

gun and target — the first commercial
product to utilize this recent AEC
development. When C-E tested the
Varian Linatron 1500, they found it
could effectively penetrate up to 20
in of steel.

Form Computer Co-op

A group of engineering firms in
Boston has recently organized its own
library of engineering applications

-programs and filed it on the AL/COM
Computer Time Sharing Network for
mutual use. The library comprises
the most widely used engineering
programs developed by member firms
in the cooperative.

The first 15 programs are currently
in use on the AL/COM system, which
is operated by Applied Logic Corp.
from its computer complex in Prince-
ton, N. J. Additional applications pro-
grams are now being readied for the
library. Ultimately, the library will
contain hundreds of applications pro-
grams. Coordinating the project is
Computer Dynamics, Inc., of Boston,
an AL/COM Associate and a specialist
in computer applications related to
civil engineering. The Boston users
group will make its library accessible
to engineering firms across the coun-
try in the near future.

EDN May 15, 1970



Guess the
price of HP?
new counter

it averages time intervals to 10 picoseconds

it has a built-in 0.05% integrating DVM

it’s dc to 50 MHz, CW or burst

its counter and DVM are easily programmable

Surprise: $1550. That modest amount delay measurements. The counter also You can get all of these benefits in the

buys a Hewlett-Packard timer /counter that features four integration times. Asa DVM, 5326B for $1550, or buy the same counter,

does things universal counters never did it provides three voltage ranges, 60 dB less the DVM, in the 5326A for $1195. Any

before. For example, it averages time noise rejection and 0.059% accuracy. way you look at the 5326 A or B—either is

intervals as short as 0.15 nanoseconds. Even without these exclusive features, a great counter value. Your local field

So you can resolve to 10 picoseconds the 5326’s are real bargains. They countto  engineer has all the facts about HP’s new

on repetitive signals. 50 MHz direct with seven-digit resolution IC counter line. Give him a call or write to
That modest sum also buys a counter (eight digits optional ), measure period Hewlett-Packard, Palo Alto, California

with a built-in integrating digital volt- and multiple period average and scale 94304; Europe: 1217 Meyrin-Geneva,

meter. So it's the only counter that can input frequencies by any power of 10 up to  Switzerland.

measure internal trigger level settings or 10%. They measure ratio and they totalize.

other inputs with DVM precision. Now With programming and BCD output —

power points and other voltage-dependent  applications. Counter and DVM are DTL

time intervals. That means unprecedented ~ programmable through a common

simplicity, for example, in propagation connector. ELECTRONIC COUNTERS
CIRCLE NO. 25 02003

you can measure 10 to 909 rise times, half options, the 5326’ fit easily into systems HEWLETT Tﬁ—: PACKARD
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Design Predictions
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ELECTRONICS
AND ASTROLOGY

Will electronics furnish a rational basis for astrology? EDN Re-
gional Editor Thomas P. Rigoli thinks so, if certain conditions are
met. One of these is confirmation of the “unified field” theory.

Man is a complex electronic structure. This view has emerged
over the past decade, and current advances in aerospace re-
search, biophysics and medical electronics only serve to confirm
this concept. From electroshock therapy, through the develop-
ment of medical electronic equipment, to such experimental
work as electronically-induced sleep and electroanasthesia, we
have become increasingly aware of Man'’s electronic nature.

Since the very early days of electricity, we have been familiar
with the manner in which simple electronic structures are in-
fluenced by external fields in the electromagnetic spectrum.
Surely it is not too much to suspect that more complex structures
are similarly influenced.

Astrologers have, for millenia, postulated that part of Man’s
environment was made up of mysterious “emanations’” from the planets of the solar system,
and that these “planetary influences” were particularly strong when certain planets were in
“conjunction” or in “opposition’ to each other. Now astrology may be classified, at best, as an
empirical science—a host of conclusions based upon an observed experiment. The stumbling
block has always been that the observer was always, necessarily, a participant in the experiment.
But could it be that the ancient and arcane practice of astrology unwittingly stumbled upon a
fundamental truth?

When Man can at last separate his roles as participant and observer, | predict that we will find
that astrology is nothing but electronic interaction on a cosmic scale. Presupposing a unified
field theory of gravity and magnetism, we will find that Man’s geomagnetic environment truly is
subject to forces of a cosmic magnitude, that the planets of the solar system truly do have an
influence on these forces, just as the sun and moon influence the tides of the oceans. Because
he could see and observe them, Man has learned to predict the tides accurately and even to har-
ness them to work for him, as well as he with them. Just because they are not visually percepti-
ble does not mean that Man cannot accurately predict, harness, and even adapt to the geomag-
netic tides of his invisible environment.

Such a hypothesis, if true, could be the missing link that could explain many of the empirical
observations of astrologers over the centuries. There's much we don’t know about our relation-
ship to the ever-changing universe. But with knowledge increasing at a nearly-exponential rate,
we may be on the threshold of innovative electronic design that will tell us more about Man'’s
true nature than we ever dreamed possible. We must take care not to stumble over that threshold
through blind skepticism of an empirical body of knowledge acquired painfully over the cen-
turies. Electronics may be the key that unlocks astrology.

EDN May 15, 1970



Why Ragen Semiconductor tests C/MOS
with a Teradyne J259

When you're testing complemen-
tary-MOS devices with two or three hun-
dred transistors on a chip, you'd better
be sure of your test equipment. Ragen
Semiconductor, an acknowledged
leaderin C/MQOS, has good reasonto be-
lieve in its computer-operated test sys-
tem: With thousands of C/MOS IC's
tested and shipped, returns have been
virtually nil.

Ragen’s test system? A Teradyne
J259.

Ask Ragen President Al Medwin
what he likes about his J259 and he
may tell you that its high-impedance
measurement system is perfect for the
low-current measurements he has to
make. Or he may tell you about the
strong software Teradyne supplies with
itssystems. He may well mention speed
because each Ragen device sees 450
parametric tests almost as soon as it's
placed inthe test socket.

He might also tell you some things
the J259 doesn’t do.

It doesn’t force you to stop produc-
tion once a week for recalibration ad-
justments.

RESET

I s 8 B )

It doesn’t break down every time
someone insultsit. Ragen’s J259 down-
time has been less than one percent.

It doesn'’t leave you high and dry
when your test load changes. When you
expand, it expands, through the easy
addition of multiplexers, magnetic-
tape units, line printers, and all the soft-
ware you need to go with them.

The J259 makes sense to Ragen
Semiconductor. If you're in the busi-
ness of testing circuits — integrated or
otherwise —it makes sense to find out
more about Teradyne computer-oper-
ated test systems. Just use the reader
service card or write Teradyne, 183
Essex St., Boston, Mass. 02111.

Teradyne makes sense.

CIRCLE NO. 26
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We started out

To make a better
741 Op Amp.

That was too easy.

So we built ours even better

than the 101A.

OURS THEIRS
SSS 741 OTHER 741 101A
Offset Voltage Vos (max.) 2mV 5mV 2mV
Input Offset Current I, (max.) 5nA 200 nA 10 nA
Input Bias Current |; (max.) 50 nA 500 nA 75 nA
Input Resistance R, (min.) 2 Mo 0.3 M2 1.5 M@
Voltage Gain Ay (min.) 100,000 50,000 50,000

Impressed?

Wait "til you see our /41A!!!

NPREGISION
MONOLITHICS

OOOOOOOOOOOO

1500 SPACE PARK DRIVE e SANTA CLARA, CALIFORNIA 95050 e

J0\D makes it!
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ProOGRaMMaBLEe
CaLCULAQTORS—

THE ENGINEER’S PERSONALIZED COMPUTER

HARRY T. HOWARD, Technical Editor

Programmable calculators provide greater problem solving capacity at lower cost
—amply demonstrated by the participants in EDN’s ““Calculator for a Month’ program.

The conventional calculator is a versatile tool, but it is not The five respondents to the editorial, “Did You Say A
sophisticated enough to handle many engineering needs.  Desk-Top Calculator for a Month?” (EDN, July 15, 1969),
On the other hand, a full-scale computer can be expensive  more than demonstrated the power of these desk-top ma-
and sometimes inconvenient. Programmable calculators chines with the following problems that they actually
appear to be the middle ground between the two ex- solved. Here is part two of this article; the first part ap-

tremes — conventional calculators and huge computers. peared in the April 1 issue.
(Continued)

Carl David Todd is a registered professional engineer with his own consulting firm in Costa
Mesa, Calif. His area of activity includes general solid-state circuit design, instrumenta-
tion, computer interfacing and process control. He holds five patents and has written two
books in addition to writing sections for many texts.

Wang 370 system is comprised of subsystems that include a 370 programming key-
board, four Type 371 program card readers, a 373 auxiliary memory, a 370-12 trig pack
and a 379 five- and seven-output printer. Like the 370, Model 700 has capabilities for
search and return and branching, but at higher speeds.

A Carl M. Smolka has had several years experience as an en-
gineer in research and development of special purpose tactical antennas for the Elec-
tronic Div. of General Dynamics, Rochester, N.Y. He holds a Master's degree in electrical
engineering and currently has a patent pending on an automatic antenna coupler.

Subroutines for the Hewlett-Packard 9100A keyboard functions are stored in a ROM.
A magnetic core memory contains 19 accessible registers: three for display, two for data
storage, and 14 for program storage or additional storage. The 14 program registers
accommodate 70 to 196 program steps. A cathode ray tube displays three registers
—X (keyboard), y (accumulator) and z (temporary).

Experience of Stanley R. Brown, principal engineer for Philco-Ford Corp., Newport Beach,
Calif., includes computers, industrial relations and statistical communication. He holds
two patents and has presented papers at national conferences.

Fundamentally, the PDP-8/L comprises a memory-logic console and an ASR-33 Tele-
type input/output. Specific language, FOCAL, in memory provides 700 memory locations
for operator’'s needs. In this mode, diagnostic messages are read out; editing is per-
formed; special program trace features are available, and output formatting can be varied.

Darold Rorabacher, a graduate in mathematics from MIT,

is manager of the systems analy5|s department at Sanders Associates, Inc., Nashua, N.H.
His fields of interest are real-time computer processing and digital-filter de5|gn

Mathatron |l operates in accordance with standard algebraic notation, servicing 16

calculator terminals (keyboards) or other ASCII terminals such as teletypewriters. The ;" il

system used was comprised of five keyboards, a Teletype and a phone-link keyboard. ==

Each station had up to 128 program steps and eight storage registers.

George Hectus is director of engineering for Conolog Corp., Somerville, N.J. He received a
B.S.E.E. from the Newark College of Engineering. He is studying network analysis at
Newark and has taken courses in data processing at Rutgers University.

Olivetti Programma 101 has a total of ten registers—eight for storage and two for in-
structions. Storage register capacity is 22 digits plus decimal point and sign. Five storage
registers can be split into two registers, each with an 11-digit capacity plus decimal point
¢ and sign. The machine performs normal arithmetic and square root. For scientific func-
tions, a book of mathematical subroutines is provided.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L61
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Little dinky problems do arise —and very often. While
we may take pride in some of the complicated problems
we solve, it is the simple ones which occur time and
time again. The main justification for purchasing a
personal computer is to save time and provide more
accurate results —whether the problem be simple or
complex.

In a consulting engineering office such as ours, there
is a great variety of problems that range from simple
addition of a list of material costs to network analysis
involving the solution of simultaneous equations.

CARL DAVID TODD, Consulting Engineer

Although it might seem foolish at first to be using
a powerful personal computer system for simple calculator
problems, it most definitely is not!

In addition tosimplearithmeticoperations, Ifrequent-
ly use the programmable calculator to convert periods
into frequency rate by using the single key reciprocal.
to calculate

It becomes a simple matter the parallel

equivalent of 10 resistors in about 15s—including the

time it takes to reach up and turn the keyboard on!

In one network analysis problem, I had eight loop
equations with eight unknown currents. Without a
programmable calculator, I would have had to fight
through the drudgery of manipulation back and forth
until all unknowns were solved. With the Wang 370, it
took a few minutes for the first solution, compared to
hours for manual computation (assuming no mistakes
were made). The same type of problem was solved on
the Model 700 in a matter of seconds—first root was
obtained in <5s.

The programmable calculator is quite useful for RMS
error calculation or for simple vector magnitude calcu-
lation —again without the necessity of a program.
When working with simple RC circuits, the logarith-
mic and exponential capability permits simple calcula-
tions with very little effort. After a short time, manipu-
lations become second nature and are so much easier
than even using a slide rule. The exponential capabili-
ty is also very useful in simple calculations involving
thermistors —or in computing the compound interest
on your savings.

A second general grouping of problems that I see day
in and day out are those where the calculations are not
really complex, but they must be done over and over
and over again. It really doesn’t take very long before
you get so bored that your mind begins to wander —and
you begin to make mistakes. Now, you must do the cal-
culations over again or accept the consequences of an

error.

MODEL PROGRAM e Yo A DATA
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Fig. 1—Program and input card provide per-
centage change from one data input to the
next without disturbing any of the memories.
First two steps merely give an address so the
program may be found. Steps 02 through 15
command the same operation that would be

MASS

TEWKSBURY,

Il||

%,__ done with keyboard strokes if the same prob-

T £ _] lem were done manually. Step 16 tells the pro-

E o «[ E “ H ” 5

SRR PP L ”:i“; “;‘,}1 S | o o cton. Ynenawer “eantinue ey &
" erarur LHREL AEA o CuLEl ! S

.(W.D{I'L)'['ﬂ Aae00040 n»D'ﬂ'[w FalaEsL LA eLE "] return to step 02—beginning of the program.

Additional tagalong program, steps 20
through 25, provides a readout of actual
change between old and new data inputs by

vl U LABORATORIES, INC.
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pressing SEARCH —9 after the first program
has been run.
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Sure, you might be able to get your secretary to do
the simple repetitious calculations, but she is busy
typing that important letter or overdue report. Even
if she were free, the chances are that she would make
errors, and the overall calculations would be time con-
suming.

By preparing a simple program, you can tell the com-
puter what to do in about as much time as it takes to
tell your secretary. This is done with prescored IBM
cards and a porta-punch. First you write down each
functional step and look up its command code, but it
isn’t long before you have most of the codes committed
to memory and you can punch a simple programdirectly.
After a while, you find that you build up a program
library of those problem solutions that appear fre-
quently, and you just retrieve the card from your file,
insert it in the card reader, and off you go. One example
of a very simple but helpful program is discussed in
Fig. 1.

Numerical integration of rather wild functions be-
comes easy on the 370, once the function is pro-
grammed. Because the computation is relatively effort-
less, the increments may be made quite small. With
logical branching, truncated and noncontinuous func-

O—

vi=Viy Sinot

(a) O~

Fig. 2— Circuit (a) is an expanded scale ac voltmeter. Transfer equation in

normalized fashion is given as:

im m

I, 5, SNV, V

Rl

VR, ™ ' ™

(Equation (1) is from a book to be published in 1970 entitled, “Zener and

Avalanche Diodes”, by Carl David Todd; John Wiley & Sons, Inc.)

It was desired to calculate the normalized meter current I,/(V,/R)) as a
function of normalized input voltage V,, /V, for several constant values of

the ratio R /R,. Terms that were relabeled for simplicity are:

? . o

Y =——
VB/RI VB RZ

and modifying the arcsin function to be given in degrees:

" 1
L sm"(—)
e SR NP .

™ 180 P
Y=Y =Y+ =Y

By

Now the equation for Y is in terms of variable X and constant K. When
making the calculations, it was decided to see how each term of the equa-
tion varied. Program is shown in (b) and tabulated results for one set of con-

ditions is listed in (c).

By incorporating a little flexiblity into the program, initial and final values

of X aswell as determining the increment of X was set up.

wV,R,

tions may be handled with ease.

A program may be written to solve a given function
for various values of a given variable that may be auto-
matically incremented in either an arithmetic or alge-
braic fashion. By using the logic branching capability,
it is easy to program the calculations to cover a spe-
cific range from a minimum to a maximum amount
with fine increments over a portion of the range and
larger increments over the rest. Such an example is
discussed in Fig. 2.

It was desired to calculate the normalized meter
current as a function of the normalized input voltage
for several constant values of the ratio R /R,. The
amount of time required for one entire pass —tabulated
results—was about 5 min. As I recall, my orig-
inal calculations using a rotary calculator with arcsin
tables took a few hours for much fewer data points.

System limits are governed by the amount of data
storage, the number of program steps available and
the programming capability of the user. While no ex-
treme skill is required to program rather sophisti-
cated functions, a slight twist here or there can greatly
simplify the program and economize on the amount of
storage required for a given problem.

(Continued)
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in the equation for a

CARL SMOLKA, General Dynamics

For antenna design, programmable calculators are in-
valuable. In a short time, an engineer can plot a num

r of broadside patterns by merely changing the vari-
ibles that represent the element number and spacing
To
further demonstrate the calculator’s ability, pattern
plots for an axial mode helical antenna are attained
with an HP 9100 system (see Fig. 3).

In RF work, impedance measurement often neces-
sitates the use of a finite length of transmission line
between the device to be measured and the measuring
instrument. In order to determine the actual load im-
pedance correctly, it is necessary to compensate for
both the attenuation and phase shift introduced by
this finite length of transmission line. This type of
problem is very common in the antenna work done at
General Dynamics in the design of broadband match-
ing networks and tuned antenna couplers for the VLF
through UHF frequency ranges.

An HP 9100 calculator system was used during the
design of the broadband matching networks for the
communications antennas on a naval ship. With large
shipboard fan antennas, the feedpoint normally is lo-
cated at a considerable height above the deck, adjacent
to the yardarm from which it is strung. In order to de-
sign a broadband matching network, the feedpoint

inear multi-element array

Fig. 3— Axial mode helical antenna pattern plots were obtained by

Within a month, we designed over 130 antenna arrays using
programmable calculator—an accomplishment unattainable by eithe:
the classical approach or through use of a computer.

the

input impedance must be accurately measured, n¢
t,'(‘ix‘ll;!lill},; remote measurement via a length of train
mission line. This remote measurement is required not
only for the single logistic problem of locating the mea-
surement equipment at the feedpoint, but also because
the entire mast is a physical part of the radiating sys-
tem and the location of an operator or extraneous
equipment in the near field will lead to erroneous data.
The practiced method of attaining this data is with a
length of coaxial cable that in the normal operating
mode is the actual feedline for the antenna. The an-
tenna impedance data points are measured with the
line located between the actual load and the measur-
ing instrument. To compensate for cable phase shift
and attenuation, the measurement is repeated with a
short-circuit load. Actual load impedance is determined
by manually plotting, rotating and adjusting the data

point on a Smith Chart.

This manual process is subject to human error and
can be extremely time consuming even with a modest
set of data such as twenty points within the 2- to 6-MH
frequency range for a broadband antenna. For exper-

ienced personnel, a data set of this size requires at
least an hour for reduction to accurate input impedance
values and resultant VSWR values.

To assist in this data reduction, a program was w1

using the following equation: M Aj’“ :”; D:‘u’: :m:" :‘Tﬁ%\: ‘;T g ;?Lf,:., .
— [saﬁ] OB (SE0 1, [ - cosd] FARMI o 0 s g.jc:}‘! an
N Isin 1/2 {360° (S, [1 — cos ¢] + 1/2N)} 4 d ' B R | R o e
4| srop NSy 9 A gnd
N-3 5-0.22 (This equation is from “Antennas” e *jj:: e i3 5 iy
by John D. Kraus; McGraw-Hill: Zv; | e o —
1950; page 213, table 7-2.) 3 2 S | " | ]
#oc Where: N = number of turns L P " P |
S, = spacing between e x i = 7
turns in free space hol v [ | 49 o I 1'p P N
wavelengths. e 8% 113
¢ = angle with respect to 22 *td = g
the helix axis. q i : i
o i Equation (1) is valid for the follow- e e 0 TS
ing conditions: 2L B &
12° <a <15° s | bt | e B
et 3/4 <C, <4/3 S B e e e G
N >3 d| x 17 I O B
Where:  a = helix pitch i : & 37;9 1 e =
C, = circumference of the e —| &4 o
helix in free space 4l a el 1 B
feptorat wavelengths. o £ | g :
After entering the program into HAeY Z?‘x" L
the HP 9100 system and entering 5y C 8l 4 | & e
<" the required data (S,—y, N—x) at i Rt e
the proper halt commands, the o e | —

plots were obtained.
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ten for the HP 9100A system that determines and plots
the compensated data points directly on a Smith Chart
using the X-Y recorder (HP 9125A).

To use the program, the measured short-circuit im-
pedance and measured input impedance are keyed into
the calculator. The calculator first displays the cable
attenuation in dB, then plots the compensated point
directly on the Smith Chart. Finally, the resultant
VSWR of the compensated point is displayed. The en-
tire process is performed automatically and it takes
approxiamtely 15s/data set.

With a data set of twenty input impedance values
and twenty associated short circuit impedance values,
the calculator system consumes 5 min compared to an
hour of manual calculation. A further advantage that
is the resultant chart is in a final form for project re-
ports.

To illustrate the system operation, the following data
set was run.

SHORT-CIRCUIT INPUT
FREQUENCY IMPEDANCE IMPEDANCE
(MHz) Z,.) Z,)

2.0 2 +j30 15 — j20
2.5 3 + j42 29 + 1
3.0 5 + j58 55 + jb
35 8 + 317 45 — j10
4.0 15 + j115 38 +j8
45 50 + 190 75 + j15
5.0 450 + j450 60 — j45
5.5 100 — j320 30 — j28
6.0 35 — j135 115 — j5

A plot of the input data without correction is shown

ts.0

\ Fig. 4—Input values for

the 2 to 6 MHz frequency

range plotted on a Smith ;
Chart by an X-Y plotter. ==~ '

in Fig. 4, with the printer listing of the entered data
points and the resultant VSWR of each data point.
Plot of the compensated points or the actual load values
is shown in Fig. 5, with the printer listing of the short
circuit input values (Z,, = R +j X ). Also shown are
the cable attenuation () in dB, input values for Z,,
= R,, £jX,, and the actual VSWR of the load imped-
ance.

The VSWR information, tabulated below, points out
why the cable must be accounted for. The difference
in VSWR is attributed to cable attenuation which
makes the load appear more closely matched than it
actually is. This is extremely important since actual
mismatch determines the amount of power transfer
to the load.

FREQUENCY INPUT VSWR LOAD VSWR
(MHz)
2.0 3.9110 4.3859
2.5 1.7252 1.7991
3.0 1.1442 1.1552
3.5 1.2651 1.2953
4.0 1.3901 1.4371
4.5 1.6027 1.7089
5.0 2.2673 2.56295
5.5 2.3668 2.5905
6.0 4.3937 6.6622

Electrical engineering laboratories of this decade
will find the programmable calculator as necessary as
the oscilloscope. This machine not only frees the en-
gineer for more creative work, but also provides him
with an instrument for optimizing designs in a timely
fashion (using his own language) right at his own desk.

(Continued)
4+ 6.0
N 5.5
ts0
/;
{ + 30 .
! el S B BEE. WRE - Sk B
| { g
. 4.4
+ VoL
i

Fig. 5— Acutal load values

for the 2 to 6 MHz fre-

quency range plotted on
~a Smith Chart by an X-Y
" plotter.
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I am of the opinion that engineering management
should be able to expect a high order of detailed anal-
ysis of problems in their various engineering staffs.
This expectation must, however, be preceded by mak-
ing appropriate equipment available as well as the
time required to fairly understand the equipment.
This latter requirement is particularly important inas-
much as it requires far less effort to acclimate an en-
gineer to the use of a computer and computer lan-
guages than it does to give a computer programmer an
engineering background. | do not want to start a holy
war between programmers and engineers, because the
programmers have done an excellent job in providing
excellent software for engineering applications, and it
makes no sense at all that engineers do not make max-
imum use of it.

Actually the PDP-8/L is a small computer with capa-
bility for process and inventory control, accounting,
etc. In this evaluation, engineering computation will

As one gains experience, one automatically
plans his work so that problems are formulated to
take advantage of the machine’s capability.

be emphasized. Basic input/output device was a ASR33
teletypewriter.

Software used was FOCAL (FOrmula CALculator)
—a compiler that allows one to converse with the ma-
chine in a language that combines some of the best
features of BASIC, EDIT and FORTRAN. The FOCAL
language is very powerful and easy to learn. When the
FOCAL compiler is loaded into memory, about 680
words of storage remain for additional programming
and execution. Each additional defined symbol requires
about five of these words, while each character in the
program written requires about 1/2 a word.

One of the simplest problems handled was to plot the
distance along the earth’s surface from a point directly
underneath an object to the line-of-sight horizon of the
object. Formulation of the problem and the subsequent
programming was almost trivial, but the requirement
existed for a high degree of accuracy in determining
the inverse cosine of angles very close to 90°. This sort

C-FOCAL» 1969

Ulepl TYPE " A">#;FOk B=2,2,65T Z1," B ="
V1«98 F A=1,2,55;D0 2

01«99 T !,1!,"HOW ABOU1 THAT FOLKS!";Q

N2e@1 T '5%2e¢15A
V211 ¥ B=2,2,65L03

¥3.05 SET X=AtB s

HOW ABOUT THAT FOLKS!x*

REAL MEANING OF

the outmost parentheses would become 0.
Assume B=4 and A=3, therefore X=81

generated by 2.718284 (e!).
. 4e’=(4) (20)=80

the whole divided by 2.
- (log,1/3) (4/2)= -1

310 IF (X=-(B¥FITh(FEXPC(A))=FSGN(FLOGC1/A))*FSOT(B)/2))3e25319953.2
0320 T %" '">X
8199 T * HELLO THERE";K
*G
A B =2 B = 4 B =6
1.0 0+ 10000AE+0D1 D«10000NE+O] De10B0VOE+D1
3.0 De900POOE+0 1 HELLO THERE DeT729000E+03
5.0 0250000E+02 @« 625000E+03 Bel156250E+015

IF (X- (B*FITR(FEXP(A))-FSGN(FLOG(1/A))*FSQT(B)/2))3.2,31.99,3.2

This function was chosen so that when X equalled 81, quantity within

(1) B¥FITR(FEXP(A) means B times integer (ignoring fraction portion)

(2) FSIGN(FLOG(1/A)*FSQT(B)/2)) means evaluate sign-only of the
result of multiplying the logarithm of 1/A only by the square root of B only,

0 ppPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPFPPPPPPPPPPPPPPPPPPPPPPPP

Fig. 6—Program computes and
tabulates A for specific values of
A and B. Step 03.05 determines
the specific function to be tabu-
lated. Step 02.77 selects values
for B and Step 01.98 selects val-
ues for A.

Line 01.01 shows FOCAL's ca-
pability to type literal statements,
to establish numerical format, to
define number of program steps
on a given line, and to automat-
ically sequence a given value
from an initial value through
given increments to a final value.
During initiation of this step, Tele-
type prints two spaces and then
A—indicated by quotation marks.
Comma indicates continuation of
type command, and in this case,
symbol # causes a carriage to re-
turn without line feed. Semicolon
indicates completion of command
and start a new command. Next
command, between the two semi-
colons, increases B from 2 to 4 to
6, last value B will assume. With
each value of B, next command
following the semicolon is car-
ried out—a “type’” command. Per-
cent sign followed by 1 indicates
total number of digits to be
printed out (when written as in

Therefore, the overall expression is 0 for B=4 and A=3. step 02.01 (%2.1), the output is
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of routine calculation was handled easily. Here one
appreciates the convenience of the hardcopy output for
plotting and tabular printout. As a matter of fact, one
should have printout capability of some form when-
ever he uses equipment of this sort.

If one is to fully appreciate the capabilities of a ma-
chine such as the PDP-8/L, he must be aware of its
program procedures. The simple program in Fig. 6 re-
quires loop and branch operations. If one views a pro-
gram such as this by itself, one may feel that it is
merely a “toy” type program. However, do not forget
that basic routines such as this form the skeleton for
the most complex problem. This fact and the machine’s
power can only be appreciated by comparing actual
calculations to the FOCAL programs used to accom-
plish them (Fig. 7). These exemplify only one of several
very complex problems solved with the PDP-8/L during
the month.

In conclusion, I can only say that my own imagina-
tion was highly stimulated by a number of possibilities

which one could consider if he were a personal owner of

this machine.

(Continued)

two digits with one digit appearing to the right of deci-
mal point). Second part of “type” command Step 01.01
indicates a literal typeout of a number of spaces fol-
lowed by B, another space and an equal sign. Comma in-
dicates another type command which in this case is
B’s numerical value.

Step 01.98 also has multiple commands. First group
between semicolons increases value of A from 1 to 3 to
5. At each value, the next command after semicolon is
performed. This next command DO 2 indicates a branch
all starting with 2, i.e., to steps 02.01 (print out values
of A) and 02.77.

Step 02.77 increments B from 2 to final value 6 again.
Following the setting of each value, command DO 3
branches the program to all group 3 Steps 03.05, 03.10

and 03.20.
Step 03.05 performs an exponential operation (X

= A 1B means A#). Step 03.10 represents other branch-
ing capabilities of FOCAL. Also, it partially indicates
functional notations other than trigonometric that FO-
CAL can handle. Basically, this line means, if computed
value within outermost parentheses is not equal to
zero, branch to step 03.20 and if it equals zero go to
Step 31.99. For example, when A=3 and B=4, value of
X was not typed out but the message of Step 31.99 was
and program'’s normal sequence resumed. With this ex-
ception, all steps are performed following through steps
03.10 and 03.20. Step 03.20 first commands floating
point notation by % only, then two literal spaces fol-
lowed numerical value of X in floating point notation.
When A=5 and B=6, program proceeds to Step 01.99
where the final message is typed out and the program is
halted with “Q" (for Quit) command (asterisk indicates
control is returned to user).

ProorRAM Asks ForR ArRpBiTRARY InpuTs X
Kiy %, X, N G GG

]
THEN COMPUTES: ="é_TAN _Z_C_.
b o g

%2
2 (K e a) +(F o A) T+ 2¢, cnAinA | )

AND FiInNALL Y

wi [ ()]

Aw A (2w dz
Y. Y,
2w, 280 ()] -2 [z 0 (757) (%)Z} X
W HERE 9 is AN ARBITRARY ConNsTANT < | AND

leat 2 @Iww) wwf
ZJLT ZBL W; T VV;z

|
, - Gw
lij(isw)-e

2wl W, -Cs )™

T=FACAL, 1969
01«17 A "WHITE SAND ' ?X,Y»C?3S I=0

N2.01
02.10
0230 Zs 15" ANG=""5A%57 «2957," 51=",FSQATCZ(3))»"
03.10 A "3ROWN " 2X5YsC?3S 1=53D 2.13D 2.23T
03.20 5

03.30 A '"AVG VAL XZY,WHITE THEN BROWN "X»Y»CsB
D3e40 S ZCH)=(C-XIXFCASCAI+(R=-YI*FSINCA)

N3.50 S Z(7)=(X-CHI*FSINCA)I+(B=-Y)I*FCOS(CA)

N4¢10 S C=FSATC(ZC4)*5.99271)/1253S J=03T !

N4.20 F Y=-12%C,sC,12%C3 D 5

0430 T !,'"7% BROWN SAND'", J,*"MZB="5Z(6),"MUB="52Z2(7)
04440 S X=FSOQTCZ(B))I3S5 Y=FSOTC(Z(9))3 5

N0S«.10
05.20 S X=L3D 103S I=1-A3S X=-L3D 105 S I=I+A
0530 F X=L+H,2%4,=-L-43 D 8

0540 F X=Ls2%H,=-L=2%Hs D 9

05.50 5 I=I1%C*H/33S J=J+1

0R%«10 D 10
08.20 S I=1+A%4

09.10 D 10
N920 S I=I+A%2

10.10
1020
1030
10.35
1040
*

A=((X=Z(6))t2/Z(BII+(Y=-2(TII2/2(9)
A=0=-2%(X=7C6)I*(Y-ZCTII*ZC10)/Z(BI*Z(I)
A==A/2%(1=-ZC10)t2/CZ(3)I*CZ(9)))
(FARBS(A)=-1414)1045T "A="5,A30
A=(FEXP(A))/5+283319%FSQT(Z(B)*Z(9)-ZC10)12)

V= nawun

Fig. 7—Try this on your slide rule.
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C=Z(10)3S I=053D 239

5 ASFATN(24C/(X12=Y12)) /251 (=Xt2+Y12)2+152+135 A=A+3.14159

S Z(3+1)=FABSC(X*FCOSCA)) 12+ (Y*FSINCA)) 12+2%xCkFCOSCA)I*FSINCA))
02620 S ZCA+I)=FARSC(XKkFSINCA)) t2+4(Y*FCBSC(A)) 12-2%C*kFSINCAI*FCBSCA))

T S2=",FSATCLC4)) !

3 L==FSOTCZC(3)%(5.99271=CCCYt2)/ZC4))))I3 5 H=-L/255T ¢
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e, DAROLD W. RORABACHER AND GREG STARADUB, Sanders Associates, Inc.

There is a class of trivial problems that can be solved
immediately and a class of complicated problems that
requires a big computer. But in between, there is a
whole area of intermediate problems that either are
ignored or someone else is sent off for a couple hours to
do. These intermediate problems are the ones that the
programmable calculator addresses itself to.

Three algorithms demonstrate the variety of appli-
cations for the Mathatronics CS-3. The first problem
—linear interpolation —is fairly trivial but still demon-
strates the everyday bothersome-problem capability.
The next two, a good deal more involved, illustrate how
the programmable calculator can be-used for toilsome
solutions.

1 LINEAR ,//

Interpolation of two points (x,, y,) and (x,, y,) is de-
fined by the expression:
\'v \
y=y, —— X — ¥
: X, —X
This equation is for a straight line that connects the
two points (see graph), and the following flow-diagram
illustrates the program used to compute y for a given x
(CSTART )—»{ ENTERST,S2,83,54 |
S0 - x
— S
S2 =y,
| s5-52+(s4-52) (50-51)/(53-51) | $3-x,
54-V2
-y

The reason for the flow-diagram labeling is because
the programmable calculator used had only eight
readily available storage registers labeled S¢, S1,. . .,
S7. To run the program after it has been entered into
the machine, one merely types in the values for x,, y,,
x, and y, and then the value of x. The computed value
of y is typed out and the program branches back for a
new x input. If new values for x,, y,, x, and y, are de-
sired, the program is restarted.

In the actual program, equation S5 had to be divided
into separate operations. Consequently, an additional
register S6 was used for temporary storage of the inter-
mediate calculations.
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ith a programmable calculator, different algorithms can be proven
L” /before ever going to the time-sharing terminal or a big computer.
7 some cases, the programmable calculator can handle the whole job.

—

X e A TN

a system, either circuit or servo,

2 RISE-TIME
COMPUTATION

In this problem,
with a step response is defined by

3 ;
B P @

)
a—pB a—f3

3
e Bt

This kind of step response is typical of an under-
damped system with the following properties:

_\'(Hi — ‘\'WH\ 0O

y(00) =1

For a given « and , it is fairly simple to compute re-
sponse (y) for a given time (t), but it is not so easy to
computer the time (t) required to reach a given re-
sponse (y). This would be desirable if we wanted to
know the percent of rise time. It would be nice to solve
for (t) as a function of (y), but, after some handwaving
and head-scratching, the usual technique has to be
used —plot the function and pick off the proper point.

With a programmable calculator, a program can be
written to compute the time for a given response. This
is achieved by making a series of guesses for a correct
value of (t) and then computing the corresponding
y(t). The technique used for guessing is called a binary
(or logarithmic) search routine, and it can be used to
invert numerically any function that is monotonic.

£
\
I S0 = y(ty)
I $3-1/(51+ 52) Sl ma
l 5 -1 $2-p
S3 =t
|
| & S4 = y(1)
| o] s4=14 82 4 EXP(s1 + 53) - S5 = LOOP COUNTER
| S1 # EXP (-52 » 53))/51-52) S6 = At
I
I
I YES
i 54> S0
[ %o '
I 6= 1
I‘ B3-2+53 S3 - §3/2
| S5 = S5 41 $6 - 83/2

$4 =1 + (S2 » EXP (-81 # S3)
=51 * EXP (-52 » §3))/(81-52)

ERROR HALT YES NO ;
| s3-s3-s6 | | s3-s3+56 |

$6 -~ $6/2

55541

= PRINT S3

YES @ NO
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To run the program, the response value y(t,) (for 90
percent rise time y(t,) = 0.9), « and g are entered. The
program consists of two loops. First loop tries to de-
termine a value of time for a response greater than the
desired value. The second loop narrows in on the de-
sired value. This is achieved by going through the loop
20 times and reducing the time increment (At) by one
half each time. Thus, the accuracy of the final answer

ibout 22 or six significant digits. (Try-that graph

The following tabluation is the output for some typ-

§3=  7,25722@2E-02 S4=  0.679821CE-0! }
S3= z. S, 54z 0.201765(E+02

83= @, S4=  B.4T307T44E+20 FIRST LOOP
S3= 2. S4-  @.7932365E+00

3= @i S4=  0.5725256E+02

S3=  2.°M09%¢QE-21 S4=  0.7982365E+0D

S3z  2.30C2782E-01 S4=  0.9253811E+00

S3z  2.2502R00E-21 S4=  @.87714S0E+08

S3=  9.275202@E-P1 S4z=  0.9042383E+00

53z 2.2695000E-81 S4=  0.89153P4E+00

S3:  0.7637520E-21 S4=  0.3580%13E+00

S3=  §.2713758F-21 S4=  0.9012077E+8H

S3=  2.27@3125E-01 S4=  7.89956566E+080

S3=  §.2710937E-81 S4=  3,5024352E+80

S3=  2.,27276317-¢1 S4=  0.9800467E+00 SECOND LOOP
S3=  9.27@85073F-31 S4=  B.R958518E+PB

§3=  2.27868555-01 S4=  B.8999453E+080

S3=  9,27@6543E-81 S4=  0.3999930E+08

S3=  0.2706787E-81 S4=  #.5008223E+20

S3z  B.27066§5E-01 S4=  0.9820102E+00

S3=  B.2706604E-01 S4=  0.908004|E+00

S3=  @.2705573E-01 S4=  8,9000010E+00

S3z  Q.2706558E-81 S4=  0.8999995F+20

53z B.2706555E-01 S4=  0.5800003E+02

S$3z  2.2726562F-01 S4z  @,8999999F+02

ical values. In order to demonstrate how the program
functions, the value of time (t) and response y(t) has
been printed each time for both loops. For this par-
ticular run, the selected inputs were « = 100s',
B = 300s', and y(t,) = 0.9. Final results show that the
90 percent rise time is 0.0270656 s.

3 FRANCESTOWN TURNPIKE —
A PROBLEM IN QUEUING THEORY
I'his example is well suited for a programmable cal-
itor. To do this by hand is next to impossible, and it
is a lot of work on a nonprogrammable calculator,
since each summation term must be evaluated sep-
arately and the results added. However, with a pro-
grammable calculator, all that is required is to key in
the values for p and N —out pops the value of k.
This problem in queuing theory can be stated in
rms of cars passing through toll booths such as the
ince to the
oad. Consider that there are N booths and the
cars are approaching the entrance at a rate of \ cars/s.
When a car comes to the entrance, it will pass through
a booth if one is available. This will take some time T
in seconds for the person to pick up his card or stub and
proceed. If the booths are full, the car turns off and
takes another route.
The question is:

Given N, A and T, what is the average number of

Francestown Turnpike or any other

toll booths that are busy?

A little knowledge and dexterity in queuing theory
tells us that the following expression defines the proba-
bility that k booths will be busy.

p*
Pk) = By o

where p = \T
i=0j!

With some manipulation, the mathematical expres-
sion for the average number of busy toll booths is:

E=p|:1—p—x l ]

N! ¥ pi
i=oj!
Coam )]l ENTERSS) | Jet oL e e =
SP=p "
241 ST =N |
$3-1 ’ .
$4-1 525 |
(1 o :
52- 50+ 52/54 8= |
$3-53 + 52 4 i
S4.-54 +1 ot

To determine k, the program illustrated in the flow-
diagram was used and the results of some examples are
tabulated below.

S¢ (p) S1 (N) S5 (k)
2 1 0.66667
2 2 1.20000
2 3 1.57895
2 4 1.80952
2 5 1.92661

For these runs, p = 2 means the average rate of ap-
proaching cars is twice the rate at which a booth can
process them. If there is one booth, it is busy 2/3
(0.66667) of the time. With cars coming at such a high
rate, one would think that it would be busier, but be-
cause of cars refusing to line up, there is not always one
requiring service at the time the booth becomes empty.
As the number of booths increases, the average number
of busy booths approaches two.In fact, if there were an
infinite number of booths, all cars could be processed
and, on the average, two booths will be busy.

Many applications such as statistical data and sim-
ple iterative routines call for short, simple programs
that are easier and more convenient to do on the pro-
grammable calculator than on a time-sharing terminal.
The programmable calculator’s biggest advantage is
convenience —there it sits on the desk, always at hand,

ready to use.
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GEORGE V. HECTUS,

In filter design, there are certain equations that are
used repetitively until an entire series of filters has
been developed. With the aid of the Olivetti Program-
ma 101, a technician can run off a complete series of
paper tapes containing all the data necessary to com-
plete a set of master forms used in the manufacturing
process. As an illustration, consider the following hypo-
thetical filter problem that was solved with the calcula-
tor. In many cases, even though the filter will be more
complex, the methods employed are the same.

—o0

/S

The problem is to design a series of five filters having

center frequencies spaced 200 Hz apart starting at 800
Hz and ending at 1600 Hz. They are to have a 3-dB
bandwidth of 80 Hz and a 35-dB bandwidth of 280 Hz.
Source and load impedances are 600{) and no ripple is
allowéd in the passband.

From published curves, a 4-pole Butterworth filter
meets these requirements. Normalized constants for
this filter are:

Cl = 0.7654, L2 = 1.848, C3 = 1.848, and L4 = 0.7654.

In order to unnormalize these constants, it is neces-
sary to determine values for L, and C that will fit the
above requirements. This is achieved with the follow-
ing expressions:

L, = Z/2m(BW3)
Cn = 2h1
m(BW3) (Z)

By programming the Olivetti to solve these func-
tions, values for L, and C, are 1.193H and 3.315 uF
respectively. Using these values, the following table of
unnormalized constants was generated by machine:

C1 = (0.7654) (3.315) = 2.537 uF
L2 = (1.848) (1.193) = 2.204H

C3 = (1.848) (3.315) = 6.126-uF
L4 = (0.7654) (1.193) = 0.9131H

These values are used to determine the respective in-
ductance and capacitance that each constant will res-
onate for every frequency of interest between 800 and
1600 Hz. After programming the calculator, the lowest
frequency of interest (800 Hz) is entered first, then the

44 Compare/Systems/Digital

One important factor is the print out. With it,
you have a permanent record of all calculations
which may be used immediately or held for future evaluation.

frequency spacing (200 Hz) and finally the highest fre-
quency (1600 Hz). Now the unnormalized constants
are entered and the machine proceeds to print the fre-
quency and value of inductance or capacitance required
to resonate at that frequency. This procedure is repeat-
ed for all frequencies of interest. When another con-
stant is needed, the constant is entered with a touch of
the reference key and the machine repeats the previous
sequence. Obtained values may now be transferred to a
master inductance sheet. Also note that the capaci-
tance values are quite large and therefore expensive.
In order to use capacitors of reasonable value and price,
a value must be selected that will resonate with an in-
ductance of less than 1 H. One convenient capacitance
value is 0.05 uF. Using the same program, another
paper tape is generated that gives the total induc-
tance value required to resonate with the 0.05 uF ca-
pacitor. It must be remembered that the previously
determined inductance values now will be the tap in-
ductances of the coil and the filter circuit will become:

All determined values are now entered on the master
inductance sheet (Fig 7).Once the master sheet is com-
pleted and the proper core has been selected for the
coils to be wound on, then the calculator is used to de-
termine the number of turns and the length of wire
required for each coil. Wire size was determined with
another handy aid. Negative numbers will appear for
the turns and length because the program is written for
coils with two taps and since there is only one tap, a
zero is entered into the machine for the last winding in
order to complete the program. In this problem, the
negative values are discarded. From the information
on these tapes, a master winding sheet can be gener-
ated (Fig 8).

Should an error arise, it is very easy to review the
generated paper tapes and master sheets to determine
the source. Obviously, a great amount of time is saved
using the programmable calculator instead of comput-
ing everything by slide rule or interpreting graphs to
obtain the answers. O
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Fig. 8— Sample print out (a) of
the frequency and inductance
or capacitance required to res-
onate at that frequency. Tape
information is transferred to the
work sheet (b).
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PROGRAMMABLE CALCULATOR ACTIVITIES

Desk-top programmable calculators have become
one of the fastest-growing areas in today’s market.
With the constant introduction of new designs,

Cintra
440 Logue Ave.
Mountain View, CA 94040

Eugene Dietzgen Co.
2425 N. Sheffield
Chicago, IL 60614

Friden, Div. of the Singer Co.
2350 Washington Ave.
San Leandro, CA 94577

Hewlett-Packard
Box 301
Loveland, CO 80537

Mathatronics of Pennsylvania
241 Crescent St.
Waltham, MA 02154

Monroe Div., Litton Industries
550 Central Ave.
Orange, N J 07050

these calculators provide greater problem-solving
capacity at lower cost. Companies that have en-
tered this venture include:

Olivetti-Underwood Corp.
1 Park Ave.
New York, NY 10016

SCM Corp. .
299 Park Ave.
New York, NY 10017

Wang Laboratories, Inc.
836 North St.
Tewksbury, MA 01876.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L61

Compare/Systems/Digital

45



Crucible magnetics are in

dramatic focus at

To study the nucleus of the atom,
physicists at the Stanford Linear
Accelerator Center in California
direct streams of electrons at a
target two miles away. Along the
firing distance the acceleration
of the electrons is increased to
over 21 billion electron volts of
energy — the highest ever
achieved by man.

Crucible Magnetics Division,
Colt Industries, is playing a major
role in this project. It pioneered in

the development of the Alnico 8
permanent magnet focusing for the
high power Klystron amplifiers,
the radio frequency sources for the
accelerator. And, more recently,
designed the world’s first oriented
barium ferrite sub-booster
focusing structure. Peak axial field

before field shaping is 1000 gauss—

transverse fields are held to 1%

Colt Industries

Stanford.

or less of the shaped axial field.

It is this kind of technology that
stands behind the Alnico and
Ferrimag® magnets produced
every day by Crucible for motors,
computers, communication
systems and hundreds of other
applications. Call us. Let us focus
our magnet experience on your
problems.

Crucible Magnetics Division

P.O. Box 100, Elizabethtown, Kentucky 42701
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Design Features

STREAMLINE FLOW GRAPHS
FOR ACTIVE CIRCUITS

Flow graphs are effective for circuit analysis, but they often invite
error by carrying extraneous detail. Judicious parameter selec-
tion and the superposition theorem tailor flow graphs — effectively.

ALLSTON L. JONES, Philco-Ford Corp.

INDEPENDENT SOURCES

# b

DESIRED OUTPUT PARAMETERS

—®

(branch).

Fig. 1— Streamlined flow graph shown
in its basic form. Each node (branch)
in this basic diagram represents a set
of particular nodes (branches) as
labeled, and not necessarily one node

v FEEDBACK BRANCH A

-4

Designers frequently overcrowd their flow graphs with
branch voltages and internode currents that create
superfluous forward paths and loops. During flow-
graph reduction, these added paths and loops usually
demand more algebraic footwork — a tedium that easily
introduces error. To maximize a flow graph’s power as
an analysis tool, it should depict only that information
essential to solving the problem under study. Flow
graphs can be quickly simplified by following a three-
step recipe.

CONTROLLING VARIABLES

Selection and Superposition

Parameter selection and the superposition theorem
—these are the keys to achieving the basic form of the
streamlined flow graph shown in Fig. 1. Three steps

DEPENDENT SOURCES

must be followed to get this basic form.

1. Select the minimum number of parameters to
solve the problem, and using these, form the nodes of
the flow graph. (As depicted in Fig. 1, the parameters
to be selected are the independent and dependent
sources, the controlling variables, and the desired out-
put parameters.)

2. Apply superposition for each dependent and inde-
pendent source in the equivalent circuit. This deter-
mines, one by one, the path gains caused by each of
these sources.

3. Add the feedback branches between the dependent
sources and the controlling variables as shown in
Fig. 1.

After drawing the simplified flow graph according to

(Continued)
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Flow Graphs (Cont’d)

+V

SINGLE-STAGE TRANSISTOR AMPLIFIER

PROBLEM:
TRANSISTOR AMPLIFIER.

USUAL APPROACH

Es R
Ry
RS
F-Rsf ;1> Iy
R
R
v B
il
Ry
Ep @& < I
R
—R,
EO

USUAL FLOW GRAPH

APPLYING MASON’S RULE

-BR
Eu_ R,
E. . a5 . 28
. BB R
Ri "R Ry
-BR,

TRisR+@B+1R

USING FLOW-GRAPH TECHNIQUES, DETERMINE THE VOLTAGE GAIN E_/E, FOR THE SINGLE-STAGE

Fig. 2— Example No.1 analyzes a single-stage transistor amplifier for its voltage gain E,/E..

Bly =1

EQUIVALENT CIRCUIT

MORE EFFICIENT APPROACH

1. SELECT NODES FOR FLOW GRAPH: E (INDEPENDENT SOURCE); I¢

(DEPENDENT SOURCE); I; (CONTROLLING VARIABLE); E,, (DESIRED
PARAMETER).

2. APPLY SUPERPOSITION TO FIND INDIVIDUAL BRANCH GAINS:
(a) EFFECT OF E

I 1

E.TR 4R +R
(b) EFFECT OF I,
E; I -R
E—s =—R_ AND l—s- =m

3. GAIN OF FEEDBACK BRANCH: 3

Ry +Rs + R

< i

1, ®

SIMPLIFIED FLOW GRAPH

APPLYING MASON’S RULE:

-BR,
E. R +Rs+R

5
Es i BR
Ry + Rs + R

1

—BR.
TRy +Rs+(B+1)R
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+V

O
COMMON-EMITTER TRANSISTOR AMPLIFIER

J 4
= > 1 >7 E
Ia»hz‘I” :fhzz :f ; 3

EQUIVALENT CIRCUIT

PROBLEM: USING FLOW-GRAPH TECHNIQUES, DETERMINE THE VOLTAGE GAIN E,/E; FOR THE COMMON-EMITTER TRANSISTOR

AMPLIFIER.

USUAL APPROACH

USUAL FLOW GRAPH

APPLYING MASON’S RULE

-h212,
hy

m

m

1 Zs Zih
FeH L Ny =
hl1 hH hH

PPN £ Z5Z hy,

MORE EFFICIENT APPROACH

1. SELECT NODES FOR FLOW GRAPH: E. (INDEPENDENT SOURCE); E,
AND I, (DEPENDENT SOURCES); Iyy AND E, (CONTROLLING VAR-
IABLES); E, (ALSO DESIRED PARAMETER).

N

. APPLY SUPERPOSITION TO FIND INDIV IDUAL BRANCH GAINS:
(a) EFFECTOFE, I, 1

Es  Zg+hyy

-1
Zs + hyq

(b) EFFECTOFE, I

m

a

(c) EFFECT OF I,

m

o

_ZL

—

a =14 ZLh22

3. GAIN OF FEEDBACK BRANCHES:
Ia

Ea
T~ =hy; AND =—=h
11‘ 21 EO 21

SIMPLIFIED FLOW GRAPH

APPLYING MASON’S RULE

—ha1Z,
(Zg + hyq)(1 +hy57))
h1ohasZ;
T Zg +hy1)(1 + hpoZy)
—hy12,
(hyq % Zg)(1 + hypZ ) =hyoho1Z,

EO
ES
1

Fig. 3— Example No.2 analyzes a common-emitter transistor amplifier for its voltage gain E, /E,.

(Continued)
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Flow Graphs (Cont’d)

these three steps, we now can perform some means of
flow-graph reduction. By reviewing Mason’s Rule (see
boxed information), we can appreciate how the simpli-
fied flow graph can minimize algebraic manipulation.
To illustrate this, two circuits are analyzed: a single-
stage transistor amplifier (Fig. 2) and a common-
emitter transistor amplifier (Fig. 3).

Final Note

The simplified flow graph method is by no means re-
stricted to finding voltage gains. Although the resul-
tant flow graph is primarily limited to those values for
which it is tailored, it’s often possible to determine
other parameters without any changes. For example,
the input impedance (Z;,) of the circuit in Fig. 3 can
be found from the same flow graph by letting Z, = 0,
solving for I, /E,, and then finding the reciprocal to
get Z,,.

If several parameters are of interest, the simplified
flow graph may not be simpler than the usual flow
graph, but it will never be more complex. Generally,
the designer who adopts this method will find that he
has made his flow graph a more efficient tool . . . and

he isn’t likely to miss an essential forward path or loop
because of superfluous detail. =

Databank
The author recommends the following references:
1. “Feedback Theory: Some Properties of Signal Flow
Graphs” by S. J. Mason; Proc. IRE, Vol. XLI, No. 9, Sept. 1953.
2. “Feedback Theory: Further Properties of Signal Flow
Graphs” by S. J. Mason: Proc. IRE, Vol. XLIV, No. 7, July
1956.
3. “Linear Graphs and Electrical Networks” by S. Seshu
and M. B. Reed; Addison-Wesley, 1961.
EDN also recommends:
“Introductory Topological Analysis of Electrical Networks”
by Shu-Park Chan; Holt, Rinehart, and Winston, 1969. This
text contains an up-to-date discussion of flow-graph tech-
niques for linear system analysis.

Allston Jones, Philco-Ford
project engineer, designs tim-
ing and multiplexing circuits
for a space vehicle telemetry
generator. With an M.S.E.E.
from Purdue University, he
currently continues his edu-
cation at Stanford Univer-
sity.

Despite its complex derivation, Mason’s Rule
(or Gain Formula) continues to enjoy popularity,
especially in the control systems field. Based on
the cause-effect relationships between inputs and
outputs of a system under study, Mason's Rule
efficiently reduces flow graphs.

Mason’s Rule: Let T be the overall graph gain and
T, be the gain of the k' forward path from source
to sink; then

g
T=2 5T &

where:

A=l =3P AR 2R, =3 P

3

- +(-1)/ 2 P,

Mason’s Rule Reviewed

with:
, = loop gain (first-order loop).

e
Il

P, = loop gain products of all possible com-
binations of two non-touching® loops.
(second-order loops).

, = loop gain products of all possible com-
binations of three non-touching® loops.
(third-order loops).

P. = loop gain products of all possible com-
binations of j non-touching”* loops (j-order
loops).

A, = value of A not touching the k™ forward
path.

*Two loops are considered “non-touching’’ when there are no
common nodes between them.
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Take advantage of
RCA's ability

to supply superior
SCR'sand Triacs...
when you need them.

Ask our solid-state specialists why RCA’s broad line of indus-
trial SCR’s and triacs excel in quality, reliability, and perform-
ance. They’ll tell you that RCA thyristors are subjected to some
of the toughest quality assurance tests in the industry. Thus,
they save design dollars by virtue of superior performance in
critical applications.

Ask users of industrial thyristors why RCA is a key supplier
and they’ll tell you RCA services the industry! Whatever the
application—area lighting to avionics, regulators to inverters,
or power supplies to modulators —RCA has SCR’s and triacs to
meet your application requirements.

Use these SCR'’s and triacs in your control applications:

SCR Triac

Family Rating Family Rating
ITRMS) VDROM ITRMS) VDROM

40740 10 A 600 V 2N5568 | 10 A 400 V

40752 20 A 600 V 2N5572 15 A 400 V

2N690 25 A 600 V 40671 30 A 600 V

2N3899 | 35A 600 V 2N5543 40 A 600V |

9s”?

CIRCLE NO. 28

NOTE: SCR ratings of 100, 200, & 400 volts and triac ratings of
200 & 400 volts are available in each family. Stud packages &
isolated-stud packages are also available in each rating.

For further details and your copy of the latest thyristor cata-
log, THC-500, see your local RCA Representative or your RCA
Distributor. Or write RCA Electronic Components, Commercial
Engineering, Section 5-15/UR6, Harrison, N.J. 07029. In Europe:
RCA International Marketing S.A., 2-4 rue du Liévre, 1227

Geneva, Switzerland.

Thyristors
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You can't beat the
price/performance

(of this 0°-75°C Op Amp family)
RA-2525 High Slew Rate =120 V/us m n “ *

Input Offset Voltage = 5 mV
Voltage Gain = 15,000 V/V

Large Signal Bandwidth = 1.6 MHz
Input Impedance = 80 Megohms
Gain Bandwidth = 25 MHz (Av = 1)

RA-2605 Input Resistance = 300 Megohms 31“7 *

Input Bias Current = 15 nA
Voltage Gain = 150,000 V/V
Slew Rate = 7 V/us

Fully Compensated

Short Circuit Protected

RA-29M  Low Input Noise = 1.V rms 335 *

Power Dissipation = 52 mW

Slew Rate = 5 V/us

Gain Bandwidth = 7 MHz (Av = 1) %100 unit price
Fully Compensated

Now you can get what you've always wanted in an Op Amp ...
MIL spec performance at a commercial price. For more information
on these exceptional IC’s, call your nearest Radiation sales engineer.
He’'ll help you pick the best IC for the job.

Lexington, Massachusetts (617) 882-1055
Norwalk, Connecticut (203) 853-3646
Frederick, Maryland (301) 662-5400

Oaklawn, lllinois (312) 423-8010
Dallas, Texas (214) 231-8031 .
Albuguerque, New Mexico (505) 268-3549 H RA DIA TI o‘ V
Palo Alto, California (415) 321-2280 INCORPORATED

Long Beach, California (213) 426-7687
P. 0. Box 37, Melbourne, Florida 32901 (305) 727-5430

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
AMICROELECTRONICS DIVISION
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Shunt Regulator
Has Optimized Gain

ROY W. FORSBERG, Boston Regional Editor

Power supplies for small IC

systems seldom are scaled

down for the small size, low cost performance needs

of the system. Here is
It seems illogical to design a small
linear IC system and then use a power
supply that is as big as the system
itself, that makes up a substantial
portion of the cost and that uses more
power for its operation than it puts
out. About 75 percent of small IC
systems don’t need precise regulation
but do need more than zener limiting.
One answer is to use a shunt-regu-
lator circuit with optimized gain. A
small IC system is one that uses 1 to
4 linear IC’s such as op amps, mul-
tipliers or other function modules.

one compatible solution.

These are commonly used in medical
instruments, oceanographic measur-
ing instruments, small computer pe-
ripherals like phone acoustic couplers,
and environmental measuring instru-
ments. This type of supply would also
be used in very large systems to sup-
ply small circuits in different sec-
tions, thereby keeping down power
supply noise and eliminating ground-
ing problems.

The key to this power supply cir-
cuit is a high Beta shunt regulator
driven by a current source. Q1 is

Design Ideas

made a current source by returning
its collector through a high value re-
sistor to the output of the other half
of the supply.

What kind of performance can you
expect from this economy supply?
Surprisingly good! You get 25 mA at
+15V with 1-mV PP ripple, enough
to power four moderate size IC’s. Volt-
age regulation will hold within 0.2
percent for load variations from in-
finity to 600(, 0 to 25 mA output, and
with line voltage changes from 105
to 125V. About 225 mW is consumed
to get as much as 375 mW out. &

Semiconductor Circuits, Woburn,
Mass. uses this idea of optimizing gain
in a series of small IC power supplies.

T

iAAAAAAAAAAA

3300
vy O
415
5.6V "=
* ‘ *$
T
Q1
2N42so< E___‘
Q2 4
¢ IN3566 433
[
>
. O
4 " J COMM
E :f g 1o 1% $12k
N3638 i
_JL"’ g J Qla
2N3565 S
S
x x 5.6V A& :F 3k
3300 -15
4 AA— O
Optimized shunt regulator supplies up  their gain, Matching of Q1 to Q2 re-  This eliminates the need for additional
to four typical linear IC circuits. Col- sults in an open loop gain reaching transistor stages between Q1 and Q2.
lectors of constant current stages Q1  practical theoretical limits. In asense, The —15V supply is made to track the
and Qla are returned through high- we pick up the gain of an extra tran- +15V supply by referencing Qla
impedance (10K) resistors to the other  sistor at about half the cost of sup-  sense resistors to the +15V side rath-
half of the supply, thereby optimizing  plies with comparable performance. er than to circuit common.
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There isn't another like it.
Yi-inch, single-pole, six position,
28-vdc. Helipot switch for PC boards.

Beckman® INSTRUMENTS, INC.

HELIPOT DIVISION
Fullerton, California 92634

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN;
GENEVA; GLENROTHES, SCOTLAND; LONDON; MEXICO CITY;
MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA

CIRCLE NO. 30
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Design Ideas

“U” Cores Speed
ROM Quick-Change

“Do-it-yourself” alteration of read-only memories? This design makes
it easy, cuts down-time and costs with a 30-minute operation.

ROY W. FORSBERG, Boston Regional Editor

Read-only memories offer speed, low
cost and nonvolatility in the expand-
ing mini-computer and desk-top cal-
culator market. Biggest drawback to
widescale use in the past has been
that ROM’s were costly to alter, es-
pecially when fabricated with bipolar
or MOS devices. This drawback no
longer exists. Today there is a vari-

sistor and diode types can be al-
tered mechanically after manufac-
ture; braid transformer types can be
altered mechanically any time. Elec-
trically alterable core and magnetic
domain memories are being devel-
oped.

Braid transformer ROM’s are the
quickest and easiest to alter. Such
an ROM follows the Diamond Ring

Transformer principle (Fig. 1) orig-
inally developed by Bell Labs. String-
ing wires through a single circular
core is costly and difficult, so Memory
Technology, Sudbury, Mass., came up
with the “U” type core construction
(Fig. 2) which is shown in the re-
mainder of the illustrations. With
this method, a technican in the field
can alter a number of words in the

ety of alterable ROM’s available. Re-
- i

‘ e

A

c

PRIMARY 2 7 { W
‘ 3

PRIMARY ;

"'U"* CORE

1
r 7 \ ( ( 3 ) —2 PRIMARY
v \_/ 3
Fig. 1—Diamond Ring Transformer Principle is basi- secondaries with a wire running through the core
cally a string of cores on which an individual multi-  will sense an output representing a ‘‘1"" state. Those ‘
turn secondary, or sense winding, is wound. Primary  cores with the primary wire running outside see no
winding consists of a single wire running either pulse and hence represent 0" state. Thus, primary
through the center of the core (to store a “1"”) or  wire No. 1 represents 1111, while primary wire No. 2
around the outside (to store a “‘0"). The single wire  represents 1010, and finally primary wire No. 3
represents one word. When the primary is pulsed, all  represents 1001.
|
} 1" BAR N
sz . S
+ ]
—Z /J>~ e —= S
| S | = S o .
' ~N
‘ L~ SENSE WINDING
‘ Fig. 2—The toroidal core is replaced by a ““U"” core braid is laid over the set of cores, and all keeper bars
with removable keeper. In manufacture, the sense are simultaneously placed over tops of “U” cores
‘ winding is wound on the “U” core, pre-assembled via cover plate.

(Continued)
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Make your home
safer and your
family more
secure with
DeltAlert...

the new burglar
light/alarm

FACT_ the rising tide in residential

= burglary threatens all of us to-

day.

FACT_ a home guarded with lights will
= reduce chance of robbery by

95%.

FACT_ the simple-to-operate DeltAlert
= adds to overall home safety and
protection.

Send for free illustrated brochure. See how
you can easily protect your home and family
economically with the brand new DeltAlert.
The system monitors and
blankets a 15 to 30 foot area,
using sonar  principles to |
‘“catch” any intruder entering |
the monitored area by turning (

on lights, activating alarms, or
both. Easy to operate! Simply
plug into a wall outlet, and
plug lights into the back of
the DeltAlert. No rewiring
necessary. The unit comes in
a handsome walnut finish, de-
signed to complement any

decor.
$E0%5
ONLY 59 ppd Guarantee

Let your night watchman be DeltAlert.

Order Today,

or
Write for Free Brochure

/\ DELTA PRODUCTS, INC.

P.0. BOX 1147EDN /GRAND JUNCTION, COLO.
(303) 242-9000 81501

[ e e o o e e e e e e e oy

[] Please send free brochure
Enclosed is $ mlee
] Ship ppd. [ Ship C.0.D.

Please send DeltAlert(s)

DP 70-6

Name -

City/State_

/\ DELTA PRODUCTS. INC.

P.0. BOX 1147EDN /GRAND JUNCTION, COLO.
(303) 242-9000 81501

R CUN e O I

|
|
|
|
|
{ Address__ _ S
|
|
|
|
|
L
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ROM’s (Cont'd)

memory in about 30 min. In produc-
tion, orders can be changed quickly
and cheaply by changing the punched
tape that controls the special loom
that weaves the braid. In fact, com-
plete alterations are so easy that a
“Rapid Braid” service is offered by

Memory Technology to make entirely
new braids or crash changes within
72 hours. When a completely new
program is required, a new braid can
replace the old in minutes without
having to change any of the eleé-
tronics. O

Fig. 3—Cover plate, with keeper bars at-
tached, is shown being removed from the
“U"” cores. Core ends project through
holes in the braid assembly. The braid
is potted permanently which allows user
to remove entire memory contents with-
out removing the electronics.

Fig. 4 — Braid assembly and braid termina-
tion connectors are being removed from
main circuit board. Notice ‘“U” cores are
permanently fixed to PC board.

Fig. 5—Wire number containing word to
be modified is located with a program
chart and instruction manual. A new wire
map is drawn incorporating bit changes
and, using the map as a guide, new wire
is strung on braid board and held down
with quick-drying adhesive.

Fig.6— One end of the new wire is soldered
to correct pin of braid termination con-
nector as shown. Other end of wire is
soldered to common current source pin.

Fig. 7—Braid assembly is finally replaced
over “U"” cores, keeper assembly is re-
placed and job is complete.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L64
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If your product
uses relays,
smile.

We just made it
& 1,000 times more
reliable.

With our new solid-state relays. L= . S o W

They’ve got a 1,000,000 cycle life. Not 100,000, like the ones you’re
probably now using.

Sure, ours are a little more expensive. But think how much you can save
in breakdown and repair costs. Or, save your customers.

In the first year alone, our solid-state relays should pay for themselves.
Easily. You can’t afford not to use them.

Availability? How does one to 40 amperes sound? And, up to 230 Volts AC.
They have synchronous switching capabilities and they’ll operate from
low DC voltage. What’s more, they’re isolated and a cinch to mount and
connect.

Think about the possibilities of our new solid-state relays in your products.
And smile.

ELDEMA DIVISION

GENISCO TECHNOLOGY CORPORATION
18435 Susana Road

Compton, California 90221

(213) 774-1850

CIRCLE NO. 31

57



Minicomputer Gets Tough!

THOMAS P. RIGOLI, San Francisco Regional Editor

Take one versatile minicomputer, add innovative packaging, and
get a rugged computer that operates under extremes of shock,

vibration, RFI, temperature and humidity. Then stick on a label:

“Ruggednova’’.

Just how do you build an off-the-
shelf, general-purpose minicomputer
that can fly, travel the backroads and
meet airborne, shipboard and ground-
based demands of MIL-E-5400, 16400
and 41587 A West Coast firm tackled
this problem just over a year ago.
Two months ago they began making
deliveries of their solution —a rugged
minicomputer that can virtually “go
anywhere” in harsh industrial and
military environments.

Before entering a marketplace
dominated by giants, Rolm Corp. of
Cupertino, Calif., established a li-
censing agreement with Data General

Corp. This agreement allowed Rolm
to combine their rugged package con-
cepts with the computer architecture
of Data General’s “Nova”. Dubbed
the “Ruggednova,” Rolm’s minicom-
puter owes its muscle to innovative
packaging.

Shown in Fig. 1, an aluminum ATR
box (7.61 by 10.25 by 12 in) forms the
heart of the “Ruggednova.” Designed
to accommodate 14 rugged printed-
circuit modules plus the power supply,
this ATR also may be mounted in a
19-in RETMA rack. Five PC modules
make up the central processing unit,
leaving the remaining nine slots

available for system options such as
an extended arithmetic unit, ROMs
and peripheral-interface modules.
Each PC module has an aluminum
cover fastened atop it to enhance ri-
gidity. These rigid covers prevent
flexing, and hence cracking, of the
PC modules during shock and vibra-
tion. When emplaced in the ATR box,
each of the covered PC modules is
firmly secured by flanking aluminum
wedges. Associated with each wedge
are two screws that are accessible
from the outside of the ATR box.
When tightened, these screws draw
the wedge in, thus creating a firm
marriage between the PC modules
and the ATR box. Besides enhanc-
ing package rigidity, the aluminum
wedges also create an excellent ther-

ALUMINUM COVER

FOR PC MODULES \

Y
P

ALUMINUM WEDGES

POWER SUPPLY\

FIG. 1

PC BOARD

ALUMINUM COVER

SCREWS FOR DRAWING IN
ALUMINUM WEDGES

COPPER HEAT SINK (30 mils thick)

. \ (laminated)

FINISHED PC MODULE

FIG. 2
Fig. 2—Conductively cooled electronics
provides an operating temperature from
—55 to +95°C. Copper heat sink may be
“chemically milled” or die-punched; insu-
lation layer is placed between heat sink
and PC board during assembly. Thermal

POWER AND GROUND BUSES

compound isthe only agent used between
DIPs (military temperature range) and
copper heat sink. Power and ground
buses (beryllium/copper alloy) sandwich
a dielectric to form a long capacitor. The
resulting capacitance eliminates numer-
ous decoupling capacitors that normally
are required. Bifurcated ‘“Varicon” con-
tacts mate at 90 degrees to insure secure
interconnection during severe vibration.

Fig. 1—CPU and power supply are housed in
an aluminum Aircraft Transport Racking
(ATR) box. Aluminum covers prevent PC mod-
ules from “oilcanning” during shock and vi-
bration. Aluminum wedges enhance both
rigidity and cooling by forcing firm physical
and thermal contact between the PC module
and ATR housing. RFI gasketing (not shown)
and compartmentalization insure that RFI
integrity meets MIL-Std-461A.

CONTACT DETAIL

CONTACTS MATE AT 90°

SO THAT FORK-LIKE MEMBERS
ENGAGE ALONG THEIR
ENTIRE LENGTH.

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L65
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mal contact between the PC module’s
heat sink and the ATR housing.
Needing no forced air or liquid cool-
ant, the conductively cooled electron-
ics provides an operating tempera-
ture range of —55 to +95°C. As shown
in Fig. 2, the dual in-line packages
are conductively cooled in an inter-
esting way. Each DIP mounts on an
all-copper heat sink that extends to
the sides of the PC modules. This cop-
per heat sink contacts the aluminum
cover, and this in turn contacts the
cold plate of the ATR box. Coupling
this novel cooling system with exten-
sive use of MSI TTL provides a mean-
time-between-failure that exceeds
11,000 hours (calculated according to
MIL-Hdbk-217A). To compare the
“Ruggednova” PC module with its

“Nova” counterpart, check Fig. 3.
The packaging rigor of the CPU
also is extended to its options. Fig. 4
displays two options that interface
with the basic ATR box, the severe en-
vironment control panel and the core
memory module. Interfaced to the
ATR box via cables, the control panel
may be operated locally or remotely.
Highly reliable light-emitting diodes
(Hewlett-Packard) are used for all
panel indicators. Wide-temperature-
range 4K-core memory modules, 3.25
inches deep, plug into the back of the
ATR box. Up to eight memory mod-
ules (32K), sequentially plugged in,
can be handled by the power supply.
If desired, the maximum limit of 32K
may be reached by intermixing the
core memory modules and ROM

Design Ideas

printed-circuit modules.

Rolm’s supermini can fly to 80,000
ft—endure explosive atmosphere,
sand, dust and salt spray —resist fun-
gus and live in 95 percent humidity.
All environmental ratings meet the
appropriate military specifications.

The CPU with four hardware ac-
cumulators, 16 priority interrupts,
addressing capability for up to 62 pe-
ripheral devices, direct memory ac-
cess, power failure protect and auto
restart, teleprinter interface, power
supply and 4K words (8K bytes) of
core memory is priced at less than
$20,000. =

Databank

For a brochure that fully describes the
“Ruggednova’s” electrical specifications,

circle No. 401.
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NOVA PC MODULE

l—— RUGGEDNOVA PC MODULE

FIG. 3

4K-CORE MEMORY
MODULE

Fig. 4 —Rugged options include a severe-environment con-
trol panel and 4K-core memory module. Control panel
interfaces via cables (locally or remotely) to the front of
the ATR box while the core memory modules plug into the
rear. Up to eight core memory modules, plugged one into
the other, can be handled by the power supply. The basic
package comprising the ATR box (CPU plus power supply)
and one core memory module weighs 35 Ib. Package
weight breaks down as: core memory module, 9 Ibs; con-
trol panel, 6 Ibs; PC module (with aluminum cover), 1 Ib.

Fig. 3—Packaging difference between ‘“Nova” and
“Ruggednova’” PC modules. Although the ‘“Rugged-
nova” uses the computer architecture of the “Nova”,
the packaging concepts are markedly different.

ATR BOX

FIG. 4

CONTROL
PANEL
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The leader in _
custom power equipment

_announces a standard line...

the standard
IS suddenly
higher!

Yes ... the quality standard of sjtandardllzed power has e e e e o e T e e
suddenly gone up ... but the price hasn’t! ETRE [P B [ ] |0 ) [ ) oot e
For 37 years North Electric has been meeting the Rt ol Bl et enal o Lo Bl ol e
exceptional requirements of the custom power equipment voc AMPERES
market. Now, out of this experience and the engineering 36 20 | a8 | 52 | 1o ] 131 | 210 | s20 | 48 | es
. . 50 20 37 5. 2
skills developed by North, comes a great new line of ol el 80 0 0 Rl [ 0 [0 [l e
H H H 120 1.2 25 40 73 10.0 15.0 21.0 33 56
standardlzec.i.power modules . .- A!I designed tlo give you o ol [W=oa et | ] e st i ol
more versatility—and a new high in power reliability! 240 080 | 14 | 25 | “40 | 67 | 110 [ 140 | 20 | 32
28.0 0.66 1.3 2.3 35 6.0 10.0 13.0 19 28
Send for North's new Standardized Power Catalog NOTE: PACKAGES A, F, & G AVAILABLE AFTER JUNE 1, 1870.

and start buying your custom power and standard power

from one great source ... NORTH. =
Call 419/468-8244 (or TWX 419/464-4860) for immediate W@ﬁ TH ELEE Tﬁ”ﬁ

service. Attention Product Mgr., Standard Power Equipment. iy

INCORPORATED

CIRCLE NO. 32



Synchronized Gating
Kills £ One-Count Ambiguity

Because of the phase relationship which exists between counter main
gate opening and input signal rise, frequency counters have trouble with
their least significant digits. Synchronized gating solves the problem.

RICK WHITNEY, Itron Corp.

Digital counters can read one count
too high or low, depending upon the
point in the input pulse train at
which the main gate opens. Elim-
inating this random phase relation-

initiation and gate opening will cause
the count to be the same for each mea-
surement of a given, stable signal.
The possible error will be reduced
to minus one count, and the transfer

Design Ideas

tially. This is the point at which the
least significant decade transfers up
one count, which permits precise set-
ting of low frequencies beyond those
frequencies that can be seen on the

ship by synchronizing input pulse point resolution is increased substan- count display. O
VAVAY
INPUT SIGNAL DECADE
SIGNAL CONDITION MAIN GATE COUNTING
ING UNITS
[ = 1
: A
| |
I I
| |ser |
| RESET |
| F/F1 [ :
I | SYNCHRO MAINGATE ENABLE
| |la— START
| AXIS CROSSING | CIRCUIT RESET
' ~— ENABLE |
| I
I | |
e | | TIME SAMPLE
CRYSTAL - i e kies o
TIME BASE GATE >
OSCILLATOR I I B JATE
1 MHz i :
B e = ! ]
SET9's RESET

Circuit additions to typical frequency counter required
to synchronize main gate control with input signal shown
shaded in block diagram. Objective is to enable main gate
only when input signal crosses axis (or threshold). Main
gate is enabled by flip-flop F/F2, as clocked by internal
crystal oscillator pulses, which are locked out by time
base gate until it is enabled by F/F1. F/F1 is set by a pulse
representing an axis crossing from signal conditioner.

By synchronizing main gate time with an input signal axis
(or threshold) crossing, =1 count ambiguity as indicated
by floating gating can be reduced to minus 1 count. Fur-
ther, transfer point resolution, where least significant
decade transfers up one count, becomes an exact decade
point, permits precise setting of low frequencies. For
example, an external VFO can be set precisely to 400.000
Hz by adjusting it to point where counter readout display
reads 399 Hz. VFO frequency is then slowly increased to
where displayed count just changes to 400. Operator can
now be sure of 400 Hz without + one count ambiguity.

JUUTOUIUINU U

]
|
|
|
|
b

f

RANDOM /
MAINGATE |
OPENING ™|

Once time base gate is opened, next oscillator pulse will
cause main gate to open in under 1 us. It is important to
note that time base divider was set to 9s after previous
reading when sample rate delay reset counter for new
sample. Oscillator pulse which causes main gate to open
also sets time base divider to zero. After selected number
of clock pulses has been received by time base divider,
F/F2 will again be toggled and main gate closed.

|
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Even Blindfolded. ..

[ =3

TY-RAP CABLETE

This new, convenient way to handle TY-RAP
ties makes harness fabrication easier and 20%
quicker pick one tie at a time — the locking head is oriented
— the bent tail is also oriented . . . it almost ties itself. It’s the
most convenient method devised. The box is partitioned to hold the

unused ties in an upright position at all times. Cost reductions are
immediately realized.

This is just one more innovation we’ve made over the past 10 years
to help you save money with the TY-RAP System. Self-locking
construction, miniature head, low profile design and high-speed
tools plus a complete line of clamps, bases and identification straps
are a few of the reasons leading companies select TY-RAP ties.

See how your harnessing operation can save with the TY-RAP Sys-
tem — write for new catalog. The Thomas & Betts Co. * Elizabeth,
New Jersey 07207. In Canada, Thomas & Betts Ltd., P.Q.

T&B : THOMAS & BE TTS Sold Only Through Authorized T&B Distributors

ENGINEERED

Division of Thomas & Betts Corporation CIRCLE NO. 33




CUSTOMER ENGINEERING CLINIC

Zener Zaps

Regulator Shut-Down

ANTHONY J. SOFIA, Anco Corp.

Problem: An airborne power supply
for a large number of op amps was de-
signed with only a negative dc-to-dc
converter in order to conserve size,
power and weight (Fig. 1). However,
when power is applied, the minus reg-
ulator shuts down, even though no
short circuit exists.

Discussion: Voltage regulators were
selected to provide foldback current

limiting by means of sensing resistor
R, (Fig. 2), so that voltage developed
across R, at designed short-circuit
current will shut the regulator down.
Unfortunately, due to the inherent
delay caused by converter start-up
when power is applied, the positive
supply reaches operating levels before
the negative, leaving the op amps un-
balanced. The resulting positive feed-

+oMAIN 24V L ‘
s PONER REGULATOR ‘
|
COMMON
L4 DC+DC -24V --
CONVERTER REGULATOR -———
Y

Fig. 1 Airborne op amp power supply using only one dc-to-dc converter.

-R ‘I
% VT

Fig. 3 Regulator operation. Assume
+5V is applied to the regulator
sense line as the converter starts
to supply voltage to the input. As
the converter reaches —19V, the
zener conducts and starts driving
the +5V to 0V, and the regulator, -2V
sensing a GO condition, turns ON.
The zener turns off at —8V and has
little effect on regulator perfor-
mance.

POSITIVE s 124V
REGULATOR .
$ %
Rl 2 ¢
COMMON
NEGATIVE d bl e S
S
REGULATOR e I | eVl Weve i

Ret

Fig. 2 Op amp feedthrough voltage
is sensed as a short-circuit by neg-
ative R, and shuts down negative
regulator.

7 24V ZENER
bl
i
3.90
_ +5V
Rs VWV OE, ‘
>
E Eo '; R
Fg
:: R2
COMMON o
|
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through voltage, sensed as a short-
circuit condition at the minus regu-
lator sense line, causes the regulator
to shut down, even though the con-
verter is supplying a high negative
voltage to the regulator input ter-
minal.

Solution: A zener diode placed across
input-sense terminals (Fig. 3) pre-
vents regulator shutdown under the
above conditions. This method is pro-
posed over other methods such as
bleeding some converter voltage to
the output or using a relay, because it
is simple, reliable and has little ef-
fect on regulator operation. &

EDN will pay $50 for any problem-
“solution article accepted for publication.

e =
NEXT ISSUE’S PROBLEM:

Cascaded Exclusive ORs
Give Extraneous Outputs

At the outset, when two or more ex-
clusive-OR elements are connected
in cascade to obtain the exclusive-OR
function of more than two variables,
certain combinations give what ap-
pears to be a false output—until
analysis proves their legality.

Camiy
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New, high-speed
A/D-D/A converters
from Burr-Brown

BURR-BROWN

quick-ae artists

D/A CONVERTER

DAC20-12B-BIC

with a practical blend of performance and price

ANALOG-TO-DIGITAL UNITS

These self-contained, 3.4” x 4.4"” x 0.8” modules
utilize a successive-approximation technique to
achieve high-speed conversion. 8, 10, and 12-bit units
are available from stock with accuracies commensu-
rate with resolution. Modules are designed for PC
board mounting.

MAJOR FEATURES

HIGH SPEED: 30 usec for 10-bit conversion.
LOW DRIFT: 20 ppm/ °C for 10-bit converter.
ACCURATE: +14 LSB relative accuracy for all models.
MANY OPTIONS: Operational input buffer amplifier. Four
popular digital codes.

LOW COST (1-9 units): 8-bit $195.00

10-bit $225.00

12-bit $295.00

DIGITAL-TO-ANALOG UNITS

With built-in reference, weighted-resistor switching
network, and fast settling output amplifier, these are
self-contained converters requiring only external
power and input signals. 8, 10, and 12-bit units are
available in a 3” x 2.1” x 0.4"” package . . . ideal for
PC board mounting.

MAJOR FEATURES

HIGH SPEED: 1.5 usec for 10-bit conversion.
LOW DRIFT: 20 ppm/ °C for 10-bit converter.
ACCURATE: +14 LSB relative accuracy for all models.
MANY OPTIONS: Optional input buffer register. Four popular
input codes.
LOW COST: (1-9 units) 8-bit $ 95.00
10-bit $125.00
12-bit $155.00

FOR COMPLETE TECHNICAL INFORMATION contact Burr-Brown, your Burr-Brown Engineering Representative, or use this publication’s reader service card.

BURR-BROWN

RESEARCH CORPORATION

International Airport Industrial Park » Tucson, Arizona 85706
TELEPHONE: 602-294-1431 » TWX: 910-952-1111 » CABLE: BBRCORP

Operational Amplifiers
Instrumentation Amplifiers
Active Filters

Multiplier / Dividers
A/D-D/A Converters
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Op Amp Digest

Below you’ll find the Fairchild
op amp family. A circuit for every
application. A trade-off for every
system. A price for every parts list.
Everything except a “super op amp’
(see cover editorial to find out
why ). You can order additional
information via the reader service
numbers listed below.

1#AT715 — High Speed Op Amp

100 V/uS Unity Gain Inv. Slew Rate
300 nS Settling Time

65 mHz Bandwidth

70 nA Offset Current

Reader Service Number 71

1#A725 — Instrumentation Op Amp
0.5 1V /°C Voltage Drift

128 dB Voltage Gain

120 dB Common Mode Rejection
0.6 pA/V V Hz Input Noise Current
Reader Service Number 72

1 AT27—Temperature Stabilized Preamp
2 pA/°C Offset Current Drift

0.6 uV/°C Offset Voltage Drift

300 MQ Input Resistance

2 nA Offset Current

Reader Service Number 73

1A735 — Micropower-Op Amp

100 W Power Consumption

500 pA Offset Current

10 M Input Resistance

Wide Supply Voltage Range

Reader Service Number 74

1A739 — Dual Low Noise Op Amp
2.0 dB Noise Figure

86 dB Voltage Gain

+13 V Output Swing

Wide Bandwidth

Reader Service Number 75

1#A740 — FET Input Op Amp

10'* ohms Input Impedance

80 pA Input Bias Current

6 V/uS Slew Rate

Internal Frequency Compensation
Reader Service Number 76

1 A741 — General Purpose Internally
Compensated Op Amp

200,000 V/V Voltage Gain

Short Circuit Protected

Latch-up Proof

+30 V Differential Input Voltage
Reader Service Number 77

wAT47— Dual Internally
Compensated Op Amp

Short Circuit Protected

Latch-up Proof

+30 V Differential Input Voltage
200,000 V/V Voltage Gain

Reader Service Number 78

1A748 — General Purpose Externally
Compensated Op Amp

Short Circuit Protected

Latch-up Proof

=30 V Differential Input Voltage
200,000 V/V Voltage Gain

Reader Service Number 79

1AT749 — Dual General Purpose Op Amp
92 dB Voltage Gain

20 mHz Bandwidth

Latch-up Proof

Short Circuit Protected

Reader Service Number 80

wAT77— Precision Op Amp

30 nAInput Bias Current

1.5 nA Input Offset Current

Low Offset Voltage and Current Drift
Short Circuit Protected

Reader Service Number 81

’

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011

Bargain Corner

Keep your eyes peeled for this space.
Almost every month it will carry glad tidings

Four Quadrant Analog Multiplier

1nA795C —was $12.00 now $5.95*

‘ (Don’t miss new prices on tA742 TRIGAC — see [acing page)
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= Hot Off the Press

Condensed
Catalog

( | You can take it with you. We've just
‘ published an all-new Fairchild Linear
m ‘ Condensed Catalog. It’s pocket sized
z so that you can lug it around with you.
‘ For a free copy, use reader service
j ‘ card number below:

- 4J Reader Service Number 82

T,

WS NPT

Fill in this box.

( Your circuit here)

gg By now you ought to be down to the final strokes of prepar-
Eﬁw ing your entry in our recently announced Linear Applications
(B Contest. Here are the rules, remember?

1. Get all the facts on a Fairchild Linear 1C.

2. Design the world’s greatest application for it.

3. Send to: Fairchild Linear Contest, P.O. Box 830A
Mountain View, California 94040.

All entries will be judged by the editors of EEE Magazine. Every
month, they will select the most imaginative application and give
us the designer’'s name. We'll publish the winning design and give
the winner $100 upon publication. Ready. Set. Design!
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TWX: 910-379-6435 SEMICONDUCTOR



In case you haven’t noticed, Fairchild has modi-
fied a long-standing posture against “second
sourcing” (last month’s editorial “Farewell NIH”
pretty well spelled this out ).

A one-sentence summary of our new position
would read like this:

If a linear circuit — any linear circuit — is worth
making, we’re going to make it, regardless of its
point of origin.

Got the point? Fine. Now hear this:

EDITORIAL

Jairchild doesn't make
The Super”Op Amp.
Here’S Why: There has never been, isn’t

now, and probably never will be a true ultimate op amp.

Ideal op amps exist only in textbooks. They can’t cut
the mustard in the real world of systems design where
trade-offs like slew rate vs. power consumption or com-
mon mode rejection vs. input current make the
critical difference.

Then there’s dollars. Cost vs. performance. A $60 or
a $28 or even a $15 super-beta, or FET, or high-gain, or
whatever-you-call-it op amp simply isn’t going to make
it past an experienced designer very often (except
as a tinkerer’s toy). Who wants to live with the dual
problem of paying too much in order to lose design
flexibility?

Smart engineers want options. They want to meet
many different system requirements. And there’s only
one answer to this type of requirement:

A complete family of op amps.

Not just one or two devices which are obsoleted
quickly by higher priced “A” versions. Not a “complete
line” of three or four circuits. Modern systems can’t
be built with just a hammer and a saw. It takes a com-
plete tool kit.

We offer a true family of op amps. A tool kit of fifteen
separate circuits. At the base of our family is a solid
core of low cost general purpose op amps to meet 809, of
your system’s requirements. On top of these, we have
a complete set of complementary special purpose ampli-
fiers designed for various combinations of low input
currents, high accuracy, high speed, low power, tempera-
ture stability or high CMRR.

It’s conceivable, we admit, that some day in the future
there will be a true, ultimate, universally useful,
supercalifragilistic op amp. We're looking for it inside
Fairchild. And outside Fairchild. If we find it, we’ll
build it. And if we do, you can count on not having to
compromise either system design or cost/performance
to use it.

LLINEAR
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TRIGAC PRICE REDUCTIONS
THREAT TO MECHANICAL
SWITCHES & RELAYS.

New prices on Fairchild’s n A742
“TRIGAC” make replacement of

troublesome electro-mechanical
components a reality. Countless

applications are now economical
(oven and room temperature
controls, ON-OFF motor controls,
level detectors, fan controls, etc.).
New 1 A742 Prices:

@ 100 was $4.95 now $2.35.

Special new 1000 piece price $1.95.
Immediate shipment available

from stock.

LA742 “TRIGAC™Powerful Solution
to Power Control Problems

Electrical Performance/Features

* Operation directly from DC or AC
50 Hz to 440 Hz (24 VAC to 440 VAC).
* Bridge Sensing with adjustable
Hysteresis.

¢ Minimizes RFI with Resistive or
Inductive Loads.

¢ Large Output Pulses — 1 Ampere
Peak.

¢« Minimum external components
required.

* High Noise Immunity.

* No electrolytic capacitors required
for most applications.

The 1 AT42 Zero-crossing AC
Trigger performs all the signal-
processing required to provide pre-
cision control of large loads by small

sensors, while eliminating RFI
problems by switching at the zero-
crossings of the load current. Addi-
tional features are the internal
provision for time-proportioning
and dead-band control, plus an

3 PHASE ZERO-CROSSING DUAL-THRESHOLD
TEMPERATURE CONTROLLER 208 V 3960~

T B o

mternqlly rfxgulut(\d supply for . s — .
operation directly from the power \ T i T
line. One ampere output pulses oK T —
trigger even large AEwoT 1 w8 ] % v£ ‘ ‘
thyristors directly. Half-  * "t | 1o % Tl T =)

cycle firing with resultant =~ AR e -1 - N,__ L3 ]

DC in the load is pre- rﬁﬂi . y 1 s 0" gamliee,—— [ —
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Micropower Exists—uA735

Minimizing power drain, weight
and space gives design engineers
ulcers ( how come the system power
supply designer is the last one to
know you've overrun the allotted
system power consumption? ).

Here’s good news. Relief exists:

The ;A735 micropower opera-
tional amplifier uses only 100, W
at = 3.0 volts.

Systems such as space vehicles,
aircraft, and portable medical equip-
ment will benefit from the use of
the ;1 A735 by shrinking bulky bat-
teries. It gives you low quiescent
currents. It also gives you versatile,
accurate and cool operation without
the customary design tradeoffs.

In addition, the ;1 A735 simplifies
design of high impedance instrumen-
tation circuits due to its extremely
low input currents.

Here are some typical device

specifications:
input offset current 500 pA
input bias current 5.0 nA
input offset voltage 1.0 mV
supply voltage range + 3 volts
to = 18 volts
power consumption 100 W

open loop voltage gain 20,000
input impedance 10 mQ
noise BS5pA/VHz

Smart engineers who like to
minimize component count, can now
take advantage of a new simplified
frequency compensation scheme
that applies over the entire supply
voltage range of the nA735.

JAT3S
O‘*}'/’"Wd’ =% T &
Loop Gain 1 1
1 20nF 1102
1077 2nf L.1kQ
7100 7 680pF 11kQ2

Most engineers like to eliminate those large,
expensive, hard-to-find capacitors that hog space
and dollars. Here's a nifty little application which
will avoid large capacitors in low frequency,
active filter design. And with very low supply
current drain!

This circuit has a center frequency at 10 Hz,
12 dB rolloff with —3 dB points at 6.5 Hz and
14 Hz. The pA735 lets you use small capacitor
values and large resistors for frequency shaping
at a few Hz, due to the pA735's low input offset
current.

The new price is low, too —

wAT35 —=55°Cto+125°C $30.00 @ 100
wA735B-20°Cto +85°C $22.50 @ 100
pAT35C  0°Cto +70°C $15.00 @ 100

See? Micropower does exist; alive
and in quantity at your Fairchild
distributor.
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He means both. Now that International Instruments and Sigma have joined forces, you can get LL’s fine panel meters
even faster than before, through the expanded sales/service network created by the merger. Sigma’s applications-wise
distributors and engineers join the experts at International Instruments to make L1.'s various edgewise and round
meters (particularly specials) easy to come by . . . and at the right price. Find out what it's like to have your order on
the front burner. International Instruments Division, Sigma Instruments, Inc., 88 Marsh Hill Rd., Orange, Conn. 06477

Phone: (203) 795-4711.
STEPPING MOTORS -+ PANEL INSTRUMENTATION + SNAP SWITCHES + OPTO-ELECTRONIC DEVICES + AND RELAYS

CIRCLE NO. 39
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Data Base Profiles
Sounding Board/70

When EDN asked for volunteers for an opinion sampling group, the re-
sponse ran into the thousands rather than the anticipated hundreds. Now
the Data Base returns are in, and they disclose even more surprises.

DONALD K. COLLINS, Staff Editor

It’s very satisfying to have an opinion sampling group
large enough to be statistically significant, but quality
is as important as quantity. That’s why EDN sent a
Data Base questionnaire to the more than two thou-
sand engineers who volunteered for Sounding Board/
70. Now that all the responses are in, one fact looms
above all the rest—Sounding Board/70 is a statisti-
cian’s dream.

Here are some more facts you’ll want to keep in mind
as you look at the graphs on the next few pages and see

how the Sounding Board/70 membership is distributed:

—The average Sounding Board member is 34.5 years
old, has been in engineering 9.2 years, has a bit more
than a B.S., earns just a twitch under $14k, and tends
not to be formally affiliated with any professional

group.

—The average Sounding Board member is vitally con-
cerned with questions of professionalism, unionism and
security.

— By far the largest portion of Board members reserve
judgment when it comes to approval or disapproval of
engineering unions.

Duties and Degrees

Out of the 2046 who replied, 1255 are straight de-
signers, 615 have supervisory duties, 59 are depart-
ment heads, and 47 are at the general company man-
agement level. This is a ratio of nearly one man with
supervisory duties for every two without, although it
wouldn’t be accurate to picture the situation as one
“chief” for every two “Indians”. A great many of those
615 with supervisory duties are working designers in

(Continued)
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addition to being responsible for assigning work loads
and making sure deadlines are met.

There were 2521 responses to the question “What
degrees do you have?” Of that number 62% or 1542
hold a B.S., and 21% have their M.S. Next come
those with an Associate degree (7%) or none (6%), then
a sprinkling of B.A.s (25%), M.A. (1.3% and the fairly
rare Ph.D. (1.3%). Note that the sample (2521) is larger
than the number of respondents (2046) because of the
necessary overlap in the M.S. and B.S. categories. All
in all, the distribution corresponds remarkably well
with national figures over the whole electronics de-
sign field. A statistician would probably call this a
nearly-ideal population for an opinion group. Cer-
tainly the distribution is more representative of the
whole profession than EDN had hoped to get.

Age and Longevity

A glance at Fig. 1 reveals a population that is quite
normally distributed about a median (50% above, 50%
below) of 34.5 years. The mean age of the Board mem-
bers is nearly two years above the median, however.
This is primarily due to some of the long-timers who
make up the extended “tail” to the right. If you're in-
clined to think of electronic design as strictly a young
man’s game, think again. There’s a total of 64 men who

100

are 55 and over, and clear down at the tail end there
are three who are 64, one who is 65, and even one prac-
ticing 75-year-old.

Both the mean and median are skewed to the right of
a normal population figure simply because the survey
started with 20-year-olds, and there are very few em-
ployed electronics designers under 18.

Figures on length of time in engineering will shake
you up a bit, too. The average (median) engineer in the
group has been in engineering for 9.2 years and the
mean of the whole Board population falls at 11.6 years.
The tail of this curve is also extensive; beginning with
a dozen who have chalked up 35 years in the game, it
falls away to the single man who was a practicing engi-
neer when the superheterodyne receiver was intro-
duced. In his 49 years as a practicing engineer, just
think of the developments he must have seen!

Now, About the Money . . .

Figure 4, which deals with distribution of income,
could be misleading unless you realize one fact. This
distribution includes the whole spectrum of Sounding
Board/70, and that means management, supervisors,
designers and everybody. There are really two curves
overlapping in Fig. 4, one for engineers without man-
agement responsibility and one for those at the super-

AGE DISTRIBUTION

MEAN AGE OF RESPONDENTS = 36.32 YEARS
MEDIAN AGE OF RESPONDENTS = 34,5 YEARS
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visory and management level.

The median salary for this conglomerate group is
$13,898, and the mean figure is $14,521. It is impor-
tant to bear in mind that both figures take in corporate
managers as well as neophyte engineers. But all of
them have opinions, and that’s what we'’re interested in
from Sounding Board/70.

. . . And About Professionalism

In this sampling, one of the surprising returns is the
number of engineers who don’t belong to any profes-
sional organization. There are 920 of them, and if you
take into account the multiple answers that this ques-
tion drew, this figure is nearly as large as the number
who belong to all organizations combined. That is, 816
listed themselves as members of IEEE, but many of
these engineers also listed themselves as members of at
least one other group such as NSPE.

Opinion on unions was a surprise, too. Of those who
held opinions, the ones who approve of unions outnum-
ber those who disapprove by a good 20%, 688 to 553.
The real surprise, though, is in the number who were
undecided or who reserved judgment: 786, or somewhat
more than one-third of the Board. This high proportion
is strongly correlated with the number of Board mem-
bers who want to see EDN investigate and report on

alternatives to unions. It’s pure speculation, of course,
but a big part of the reason for reserved judgment and a
call for information from these large groups may well
be reflected in the small number who actually belong to
a union—"74 in all, or slightly less than 4% of the total
sampling. These are the ones who have direct experi-
ence with present-day engineering unions. Lacking
hard facts, many of the rest reserved their judgment.

The Board Sounds Off

The last question on the survey sheet drew the most
astonishing response. Members were asked to check
one of seven fields they would like to have EDN inves-
tigate and report on. You could practically hear their
hoots of derision as they checked multiple answers. In
all, 1238 respondents checked two or more answers. In
the order of preference, the set questions which Board
members want EDN to probe are:

—What are the alternative to unions? 842 of the

2046 wanted to know about this one.

—How are engineering unions working out? (621 re-

plies.)

—How to change IEEE so that it meets our needs?

575 wanted to know.

—How to maintain my professional status without

joining a union? 438 replied.

YEARS IN ENGINEERING
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—Pension/retirement plans available to engineers?
422 want ED to survey and report on this one.
—How to maintain my professional status even
though I join a union. 397

—What management thinks about unions concerned

only 244 respondents, yet even this low number

amounts to better than 10% of the total.

—And, finally, 351 members of Sounding Board/70

felt constrained to comment in the blank marked

“Other”. They wrote in the front of the sheet, on the

back of the sheet, and they appended other sheets to

the questionnaire.

They discussed topics that ranged from bargaining
methods to the implications of unionism. Some of the

—research to determine what engineers’ real needs

are, not what they think they are.

—immediate employment prospects in the face of cut-

backs and layoff.

— continuity of employment and of benefits that engi-

neers contribute to. Large numbers called for some

kind of portable pension/insurance plane.

—concern about establishment and maintenance of

professional status, including licensing and other

plans.

—concern about some of the implications of unions.

—and many, many proposals for alternatives to

unions.

Now that Sounding Board/70 has been profiled, ana-
lized and systematized, what happens? EDN, in re-
sponse to Board members requests, will research the
“hot” questions and report on, for instance, “What are
the alternatives to unions?” We'll sample Sounding
Board/70 on their feelings about these questions and
report the results to all EDN readers. Some of the an-
swers, no doubt, will be predictable; others will reveal
shifts in engineers’ thinking about themselves and
their role in relation to the rest of society.

But don’t expect pronouncements or general state-
ments about Sounding Board/70 opinions. They’ll be
expressed as percentages for, against or uncommitted,
and EDN doesn’t expect to point out “significant” re-
sponses unless they are, actually, statistically signifi-
cant. Results of most questionnares will be reported in
“Signals and Noise” columns during the next year. It
will be interesting. O

MADE COMMENTS




Need a function generator?
Don’t waste your money!

Make sure you get the function gen-
erator that best fits your needs...in
both price and capability. It's that
simple.

Or at least it sounds simple. Then
you sit down to make a list of all your
technical requirements . . . present
and future. Next you try to match
those requirements against all of the
instruments available. Finally, you
make trade-offs of specific perfor-
mance features versus X dollars
saved.

When you are all done, hopefully
you wind up with afunction generator
that has the best performance/price
ratio for your particular needs and
budget.

But there is an easier way!

HP manufactures, sells and ser-
vices a complete line of function gen-
erators with a long history of proven
performance. Even the newest func-
tion generators take advantage of
HP’s experience and conform to the
high quality standards you have come
to expect in any HP instrument.

To get all the information you need
to determine exactly what you want
in a function generator...just turn
to page 267 of your 1970 HP catalog.
You get more than just a list of pro-
ducts, you get the background infor-
mation you want to determine your
specific needs.

If you need a low-cost general pur-
pose function generator, pay special
attention to the HP 3310A. This one
does so much that it's actually more
than just a function generator.

You not only get the usual sine,
square and triangle functions—but
both positive and negative going
pulses and ramps. Add dc offset, a
frequency range of 0.0005 Hz to 5
MHz, all solid-state reliability and a
price tag of only $575 and you will see
why we say this one is more than just
an ordinary function generator. You
save both money and space.

With the HP 3310A you can test and
demonstrate the response of differ-
entiator and integrator circuits. Use
the triangle output to show how a

CIRCLE NO. 9

sine wave may be synthesized. Use
the ramps to demonstrate the action
of a comparator circuit.

You can even use a combination of
pulses and ramps to simulate the
action of a mechanical function to an
analog computer. This is a function
generator with such potential that
you'll be using it for more applica-
tions than any other signal source
you now own.

If you need more information, just
call your local HP field engineer. He
will be glad to help you solve any
measurement problem you may have.
Or, write to Hewlett-Packard, Palo
Alto, California 94304. Europe: 1217
Meyrin-Geneva, Switzerland.

090/4
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Teledyne Philbrick Nexus
introduces its combination
“Hole-in-One”” Chopper Stabilized
Operational Amplifiers. The 1412

“Mini-Chopper”’ that is hermetically

sealed and the 1701 Low Cost
Discrete Chopper Amplifier, both
individually designed to meet your
most exacting requirements.

Looking for a better than par score?

Read the card below,

MODEL 1412 “Mini’’ chopper-
stabilized operational amplifier.
Miniature Size
Extremely Low Voltage and
Current Drift
Hermetically Sealed Package
Low Initial Offset Voltage
High Gain
Wide Power Supply Range
Input/Output Protected
Cost ($104 in hundreds)

e 0.5:v/oc O
® 1,V/MO

® 100pA
®107A,

MODEL 1701 Low cost, chopper-
stabilized operational amplifier.

® Very Low Voltage and Current
Drift

Low Initial Offset Voltage
High Gain

Wide Power Supply Range
Input/Output Protected

Low Flicker Noise

Low Cost ($49 in hundreds)
Now add up your score card and
you'll find that you're a winner
when you team up with Teledyne
Philbrick Nexus' Analog-State-
of-the-Art.

Write today for your free copy of
the new 1970 Teledyne Philbrick
Nexus Catalog.

® .25,V/°C
® 54V/YR
® 50pA

® 108 A,

For further information, contact
your local Teledyne Philbrick
Nexus representative or Teledyne
Philbrick Nexus, 20 Allied Drive at
Route 128, Dedham,
Massachusetts 02026.

Telephone:

(617)329-1600

Prices F.0.B. Factory

U.S.A.

“VCTELEDYNE |
PHILBRICK NEXUS

No. 1 should do more. ..
you expect us to.

Teledyne Philbrick Nexus
chopper-stabilized

Op Amps

reduce your
handicap

EDN May 15, 1970
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30 mA Blows Link, Programs ROM

Monolithic bipolar read-only memory
permits users to field program the
device with nothing more than a
power supply capable of providing 30
mA —and do it after the 88 x 155 mil
chip has been hermetically sealed.
Engineers at the Microelectronics
Div. of Radiation Inc. note that their
512-bit memory, called PROM should

prove attractive in systems applica-
tions involving many devices with
different programs.

Now, the user can stock a single
type of read-only memory for all ap-
plications through both breadboard
and production phases of design. Vol-
ume requirements then can be satis-
fied using programming procedures

OUTPUT BUFFERS
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ELEMENTS

ROM 0512 and 0212 are programmed by
“blowing” a nichrome link in the emitter
of the output buffer circuit. To record a

&
DECODING ’. .B
MATRIX | >0 3

*MEMORY
ELEMENTS

/

B?
j:GZ
“1" in the memory, simply address the

desired bit and apply 30 mA into the cor-
responding B output line of that bit.

OUTPUT
BUFFER

*OPEN CIRCUIT FOR
LOGICAL "1" OUTPUT

implemented either by the customer
or by Radiation.

Using dielectric isolation and spe-
cial processing techniques, the circuit
contains a 6-bit decoder, a 512-bit
memory matrix (64 eight-bit words),
and open collector output buffers per-
mitting wire-OR capability. Access
time is 65 ns and fanout current is 20
mA into a 30 pF load at room temper-
ature. Total operating power is 400
mW/device at 25°C.

Both military (ROM 0212) and
commercial ROM 0512) versions are
available in a 24-pin hermetically
sealed 1/4- by 3/8-in flat pack. For
100 to 999 quantities, the prices are
$61.50 for the military unit and $47
for the commercial. An additional $50
is charged if Radiation performs the
fusing operation for quantities of less
than 10. Radiation Inc., Microelec-
tronics Div., Melbourne, FL. 32901.

329

Monolithic Chip Contains Complete D/A

Current mode D/A converter and re-
sistor ladder network are incorpor-
ated on one chip. Designated RI-1080,
this MSI device introduced by the
Microelectronics Div. of Radiation

Inc. offers the systems designer
weight reduction, increased reliabili-
ty and high performance over the full
military temperature range.
Depending on the external voltage

DIGITAL INPUTS

CURRENT

<
T2¢—Jr DRIVER

CONTROL

LADDER

EDN May 15, 1970

LADDER
EXTENSION TERMINATION

LADDER 2R R

OUTPUT bt Rt

BUS

Converter

reference, RI-1080 operates in three
modes —bipolar, unipolar positive
and unipolar negative. The device
contains eight current switches, asso-
ciated bias and level switching net-
works, and a thin-film R-2R ladder
network. Eight-bit resolution is of-
fered with +0.5 percent accuracy,
LSB. Worst case settling time is 1 us
to 0.5 percent LSB of final value. This
allows conversion rates in excess of
1 x 10¢ words/s.

Only +5 and —15V power supplies
are required and maximum power
dissipation is 130 mW. Voltage refer-
ence range is 4 to 10V. Either DTL or
TTL compatible digital inputs are
accepted.

This device is available off-the-
shelf in a 24-lead flat pack. Unit price
for the military version is $82.50
in quantities of 100 to 999. Radia-
tion Inc., Microelectronics Div., Mel-
bourne, FL 32901. 325
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Delivering now, in quantity.

The Kokomoans’ new
DTS 802 and 804 NPN triple
diffused silicon high energy tran-
sistors are here. You can order
them from your Delco Radio
distributors now in sample or
production quantities. They were
specially designed for high volt-
age inductive switching from
rectified 3 phase 220 line, and
magnetic deflection circuits in
large screen color TV receivers.

They’ve been application-
tested from production lots by

prospective users with stringent
reliability requirements. They
do the job. And their energy
handling capability is verified by
Delco Pulse Energy Testing.

The high energy relia-
bility of Delco silicon power
transistors has earned them a
reputation for survival in the
toughest switching jobs. It’s a
built-in advantage, vitally im-
portant where circuits are sub-
ject to transients or fault
conditions.

Now you can simplify the
design of high energy circuits
with reduced size, weight, and
component cost. Convert HV
tube circuits to solid state reli-
ability without the complexity
associated with high current, low
voltage devices. And fewer com-
ponents mean higher reliability.

For prices and delivery or
additional data on Delco’s new
DTS 802 and 804 contact us or
your nearest Delco Radio
distributor.

| \7 H \

PARAMETER DTS-802 DTS-804
Collector to emitter voltage (Vcex).. 1200V max. 1400V max.
Collector to emitter voltage (Vcgo).. 1000V max. 1000V max.
Sustaining voltage (Vcgeo sus). . 750V min. 800V min.
Emitter to base voltage (VEBO)...... 5V max. 5V max.
Collector current (Ic) continuous... . . 5A max. 5A max.
" hrE, Ic = 3.5A, VcE = 5V ........ 2.2 min. 2.2 min.
= \ *P.E.T.; Ic = 7A, VCE = 200V,
o 1 i_*_k Dl tp = 300 u sec, duty cycle <4% .. 420 m]J min.
— 1 + +

*Pulse Energy Test

REPETITION RATE OF 4 |

o g (amperes)

—

t T T
SQUARE PULSES OF THE \
SPECIFIED LENGTH AT A \

[ PULSES PER SECOND

o ;
e 115 50°C || |
P A IR B ]
10 100 prs.s0 —J| 1000
Ve (volts) DTS- 804

SAFE OPERATING CURVES

Available in solid copper JEDEC TO-3 package.
#

EDN May 15, 1970



From these Delco Semiconductor distributors.

ALA., BIRMINGHAM e Forbes
Distributing Co., Inc. (205)-251-4104
ARIZ., PHOENIX e Sterling
Electronics, Inc. (602)-258-4531
e Hyer/Cramer Electronics, Inc.
(602)-263-1112
CAL., LOS ANGELES e Kierulff
Electronics, Inc. (213)-685-5511
e Radio Products Sales, Inc.
(213)-748-1271
CAL., PALO ALTO e Kierulff
Electronics, Inc. (415)-968-6292
CAL., SAN DIEGO e Milo of
California, Inc. (714)-232-8951
COLO., COLORADO SPRINGS
e L. B. Walker Radio Co.
(303)-636-1661
COLO., DENVER e L. B. Walker
Radio Co. (303)-935-2406
e Hyer/Cramer Electronics Inc.
(303)-758-2100
FLA., MIAMI e Mountain
Electronics, Subsidiary of Avnet,
Inc., (305)-634-4556
FLA., WEST PALM BEACH
e Mountain Electronics, Subsidiary
of Avnet, Inc., (305)-833-5701
ILL., ROSEMONT e F-J-R/Midwest,
Inc. (312)-678-8560
ILL., SKOKIE e Merquip Electronics,
Inc. (312)-282-5400
IND., INDIANAPOLIS e Graham
Electronics Supply, Inc.
(317)-634-8486
MD., BALTIMORE e Radio Electric
Service Co. (301)-823-0070
MASS., NEWTON e The Greene
Shaw Co., Inc. (617)-969-8900
MICH., KALAMAZOQO e Electronic
Supply Corp. (616)-381-4624
MICH., ROMULUS (Detroit)
¢ Harvey Radio Co. (313)-729-5500
MINN., MINNEAPOLIS e Stark
Electronics Supply Co. (612)-332-1325

MO., KANSAS CITY e Walters
Radio Supply, Inc. (816)-531-7015
MO., NO. KANSAS CITY e ECI
Semiconductors, Inc. (816)-221-2400
MO., ST. LOUIS e Electronic
Components for Industry Co.
(314)-647-5505
N.J., CLIFTON e Eastern Radio
Corporation (201)-471-6600
N.M., ALBUQUERQUE
e Hyer/Cramer Electronics Inc.
(505)-265-5767
e Sterling Electronics Inc.
(505)-247-2486
N.Y., BINGHAMTON e Federal
Electronics, Inc. (607)-748-8211
N.Y., NEW YORK e Harvey Radio
Co., Inc. (212)-582-2590
N.Y., WOODBURY, L.I. e Harvey
Radio Company, Inc. (516)-921-8700
OHIO, CINCINNATI e United
Radio, Inc. (513)-761-4030
OHIO, CLEVELAND e The W. M.
Pattison Supply Co., Industrial
Electronics Division (216)-441-3000
OHIO, DAYTON e F-J-R/Ohio, Inc.
(513)-278-9411
OKLA., OKLAHOMA CITY
® Radio, Inc. (405)-235-1551
OKLA., TULSA e Radio,
Inc. (918)-587-9123

MARK OF EXCELLENCE
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PENN., PHILADELPHIA e Almo
Electronics, Division of Sterling
Electronics (215)-676-6000
PENN.,, PITTSBURGH ¢ RPC
Electronics (412)-782-3770
S.C., COLUMBIA e Dixie Radio
Supply Co., Inc. (803)-253-5333
TEXAS, DALLAS e Adleta
Electronics Company (214)-742-8257
TEXAS, FORT WORTH e Adleta
Electronics Co. (817)-336-7446
TEXAS, HOUSTON e Harrison
Equipment Co., Inc. (713)-224-9131
UTAH, SALT LAKE CITY
e Hyer/Cramer Electronics Inc.
(801)-487-3681
VA., RICHMOND e Meridian
Electronics, Inc., a Sterling
Electronics Company (703)-353-6648
WASH., SEATTLE e Kierulff
Electronics, Inc. (206)-763-1550
WASH., TACOMA ¢ C & G
Electronics Co. (206)-272-3181
CANADA, ONT., SCARBOROUGH
e Lake Engineering Co., Ltd.
(416)-751-5980

Kokomoan’s Regional
Headquarters. Union, New
Jersey* 07083, Box 1018
Chestnut Station, (201)
687-3770 .8 Santa Monica,
Calif.* 90401, 726 Santa
Monica Blvd., (213) 870-
8807 M Chicago, Illinois*
60656, 5151 N. Harlem Ave-
nue, (312) 775-5411 ® Kokomo,
Ind. 46901, 700 E. Firmin, (317)
459-2175 Home Office ® *Office
includes field lab and resident
engineer for application assis-
tance.

ISION OF GENERAL MOTORS
KOKOMO, INDIANA
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Lead Storage Battery

That’s Drier Than

An exclusive, patented, gelled elec-
trolyte replaces sulfuric acid in a
completely new battery construction.
The GEL/CELL brings to portable
instruments and appliances an eco-
nomical rechargeable battery that
combines the power and rechargea-
bility of wet batteries with the han-
dling ease of dry batteries. Among its
advantages over NiCd batteries are
high cell voltage, absence of cell re-
versal and absence of memory. Com-
pared to wet cells, the GEL/CELL can
be permanently installed, shipped or
charged upside down, has long shelf
life and requires no maintenance.
Significant features of GEL/CELL
rechargeable batteries are:

Gelled Electrolyte: No liquid to
splash around or ooze out. Externally,
battery is completely sealed.
Rechargeable: Can be recharged
100 to 400 or more complete charge/
discharge cycles, depending on type
of charger. If battery is not completely
discharged during each cycle, 1000 or
more cycles of operation are possible.
Long-Lasting: Ideal for stand-by
service. When “Floated” at a constant
voltage of 2.25V per cell, can be main-
tained for years, will automatically
recharge itself.

Maintenance Free: Water or elec-
trolyte is never added. Battery is
sealed. No need to check liquid levels
or perform other routine mainte-
nance.

Small Size and Weight: Compact
size and high power-to-weight ratio
produce ideal self-contained portable
power pack for tape recorders, TV
sets, medical apparatus and test in-
struments.

Use and Recharge in Any Posi-
tion: Can be permanently installed
upside down or on its side with no loss
of capacity or danger of leakage. Even
when tilted or inverted, full capacity
is obtained because the gelled electro-
lyte does not flow away from plates
exposing active material. Can be
charged upside down.

Long Shelf Life: Special calcium
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a Dry Cell
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grids lose very little capacity in stor-
age. Stand losses range from 2 to 3%
per month at room temperature to 10
to 12% at 95°F and less than 0.5% at
0°F.

No Permanent Cell Reversal:
When totally discharged due to ex-
tended power outage or equipment
accidentally left oN, there is no dan-
ger of permanent cell reversal or loss
of ability to recharge.

Wide Operating Temperature
Range: A fully-charged battery oper-
ates over a temperature range of
—76°F to +158°F (—60°C to 70°C).
Batteries are rated at 68°F (20°C).
High Discharge-Rate Capability:
GC 680 delivers up to 80A continu-
ously —higher currents intermittent-
ly. Even the little GC 210 battery de-
livers 15A continuously for one min-
ute.

Series or Parallel Connection:
May be connected in series to obtain
any multiple of 2V or in parallel to
obtain other than standard capaci-
ties.

High Impact Polystyrene Case:
Plastic case is non-conductive and
chemically neutral. It will not rust or

deteriorate, nor will it support fungus
or other organic growth.

Absolutely Safe: If excessive pres-
sures build up due to abnormally
high recharge currents, patented

“one-way” relief valves immediately
release the pressure —then automati-
cally reseal. Only clean, dry gas is
released. No corrosive fumes and no
possibility of explosion,
bulges or corrosion.

Safe Shipment: Sealed construction
permits parcel post or air shipment.
There is no need for special precau-

rupture,

tions, expensive containers, warning
labels or slow means of transporta-
tion.
Highly Dependable: The 2V per cell
open-circuit voltage is highest for any
commercially available battery.
No Memory: Some applications re-
quire short, repetitive periods of use
which consume only a small portion
of the total battery capacity. Under
these cyclical conditions, nickel-cad-
mium batteries forget their actual
capacity and become conditioned to
deliver only the small amount of
power normally required. GEL/CELL
battery delivers full rated power, ir-
respective of previous use history.
Competitively Priced: Basic mate-
rial is lead. Unlike silver, nickel or
cadmium, lead is low cost, readily
available, and not subject to govern-
ment set-asides. Globe Battery Div.,
Globe-Union Inc., 5757 No. Green
Bay Ave., Milwaukee, WI 53201.
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This little relay is new!

It’s about a third as big as the others. Costs less, too.
Its 3PDT contacts will switch 3 amperes.

This little relay saves money and
chassis space. It measures only 1”
x 1”7 x 13" high. It costs only $4.60
in single lots™. It may be mounted di-
rectly to a chassis, in a socket or on
a printed circuit board.

Meet our new KNP Series . . . de-
signed for reliable duty in appliances,

vending equipment, business ma-

134-Fig
chines, machine tool controls and a
host of other applications.

This relay has Underwriters’ Lab-
oratories component recognition (File
E 22575—Magnetic Motor Controller)
for 1/10 HP, 120V AC; 3 amperes, 32V

ad

*3PDT, 24V DC model. Quantity discounts apply.

CIRCLE NO. 38

DC resistive; 3 amperes, 240V AC.
Two sockets are available. The first

snaps into a metal chassis and re-

quires no retaining spring. It has

r 3 Ny
i

pierced solder terminals. The second
is designed for use on p.c. boards.
Both sockets can be furnished with a
grounding lug.

KNP relays may be ordered with
printed circuit terminals for direct
mounting on p.c. boards. The assem-
bly of six relays shown above requires
a board space of only 63" x 1”.

KNP SERIES SPECIFICATIONS
Arrangements: 1 Form C (SPDT), 2 Form C
(DPDT)and 3 Form C (3PDT).
Rating: 3 amps @ 30V DC, resistive, or
120V AC. Also available with silver-
cadmium oxide rated 3 amps @
30V DC, inductive, or 120V AC.
Voltages: To 120V AC, 50/60 Hz.
To 110V DC.

Pick-up @ 25°C: AC: 85% of nominal voltage.
DC: 75% of nominal voltage.

Expected Life: Electrical: 100,000 operations
minimum @ rated load.
Mechanical: 10,000,000
operations minimum.

Temperature Range: —45° to +70°C.

Get full information today. Call your
local P&B sales engineer or write di-
rectly to Potter & Brumfield Division
of American Machine & Foundry Com-
pany, Princeton, Indiana 47570.
Phone 812/385-5251.

STANDARD P&B RELAYS ARE AVAILABLE FROM LEADING ELECTRONIC PARTS DISTRIBUTORS

AVFE | POTTER s BRUMFIELD



Design Products

PCB Design and Documentation Made Easy

A comprehensive printed-circuit de-
sign and documentation system, de-
scribed in a 16-page illustrated book-
let, is based upon three “experience
engineered” products: (1) a printed
circuit design template, (2) preprint-
ed mylar, and (3) dot sepia mask.
These three products in conjunction
with the printed-circuit layout guide
and specification sheet (also avail-
able to qualified personnel without
charge) and the design booklet consti-
tute an effective printed-circuit de-
sign and documentation system.

The Booklet

The booklet, officially titled “Print-
ed Circuit Design and Documenta-
tion, a straight forward system”
consists of 16 illustrated pages de-
scribing the products and their rela-
tionship to the total system.

Step by step procedures, process
outlines and checklists are included
to make the booklet a self-teaching
class that is helpful to the “old pro”
and indispensible to the newcomer to
PCB design. The booklet also serves
as an orientation course for new
employees. A smaller replica of the
printed-circuit layout guide and spec-
ification sheet is included in the book-
let. (Booklet free to qualified per-
sonnel.)

P. C. Layout Guide
And Specifications Chart

Standardization eliminates the
need to question each specification
unless a specific application requires
a deviation. Once established for a
given company, the guide will sub-
stantially reduce the time necessary
to research and specify the mechani-
cal requirements of each circuit. A
layout and specification guide should
be treated as a recommendation and
not a law. Use it as a place to store
frequently-used information. It is a
valuable training aid for newcomers
to printed-circuit layout. (Guide and
chart free to qualified personnel.)
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Printed Circuit Layout
And Drafting Template

One of the most time-consuming
aspects of layout is the allocation of
the individual parts as they will ap-
pear on the scale version of the final
board. This accurate, comprehensive,
scaled template saves appreciable
time in the original design and ink-
ing of the final drawings. It includes
31 different component configura-
tions applying to thousands of manu-
facturers’ types. The many cutouts
can be adapted to similar component
types, further expanding its applica-
tion. (Price: 2:1 template, $8.50; 4:1
template $14.50)

Preprinted Mylars for
Printed Circuits

A preprinted mylar provides an
accurate, stable base that includes
spaces for all of the board fabrication
specifications. The completed tape-up
is a “communications capsule” that
occupies little space but contains vol-
umes of information. One document

can totally specify the part. By itself
the mylar is a specification control
form and checklist. If all the blocks
are full, the board is completely speci-
fied (excepting unusual requirements
which wouldn’t normally be included
in standard forms). (Price: $1.00 to
$6.50, depending on size and weight)

Dot Sepia Masks

Dot sepia masks, in conjunction
with the mylar tape-up, assist in pro-
ducing component assembly draw-
ings. The dot sepia process is a simpli-
fied method of rendering a printed-
circuit tape-up on a dot pattern for
the component assembly drawing.
This process will remove information
pertaining to the construction of the
printed circuit board and replace it
with a new title and component block
for assembly, test, etc. The process
replaces drafting time with photo and
masking techniques, thus saving
time and minimizing errors. (Price:
$9.50 to $45.00, depending on size)
HAPCO Inc., Box 1205, Boulder, CO
80302 327
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Printed Circuit Layout Template saves up
to 40% of normal printed-circuit design
and layout time. With the entire HAPCO

system, as much as 70 percent of the
normal drafting time can be saved. Tem-
plate comes in either 2:1 or 4:1 scales.
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Photocells
ain’t what they used to be...

they’re a heck of a lot better

Photocells are doing jobs today that they couldn’t have done ten—five —
or even two years ago. There have been that many improvements!

HIGHER STABILITY
MORE UNIFORM RESPONSE TO COLOR TEMPERATURE
HIGHER SPEED RESPONSE
WIDER VARIETY OF PACKAGES AND SIZES
. INCREASED EFFICIENCY
HIGHER LINEARITIES

Let us show you how the “light touch in automation and control” can help
solve your problems. Call (914) 664-6602 or write Clairex?560 South

Third Avenue, Mount Vernon, New York 10550.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX CORPORATION
CIRCLE NO. 39




Design Products

Decoder Programmer for Programmable AC Power

Automated test procedures recently
received a boost with the introduc-
tion of Elgar Corp.’s decoder-program-
mer for their line of ac power sup-
plies. These precision programmable
oscillators accept binary or BCD 8421
parallel entry logic, or they may be
manually set. In either case, the in-
put signal code is visually indicated
on the front panel. Output signals
from the decoder programmer control
phase angle, frequency and ampli-
tude of single or polyphase power
amplifiers up to 9 kVA. Frequency
may be automatically selected to
three significant digits from 45 Hz to
10 kHz. Stand