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Pick the right op amp for your right choice for a low-impedance
precision dc measurement. But circuit may be all wrong when
be careful: A unit with a low the impedance is high. Listen to
voltage drift may surprise you an expert’s advice on amplifier
with current-drift errors. And the selection in the article on p. 54




What's a 500 kHz plug-in
doing in a 100 MHz mainframe?

Increasing its versatility,
that’s what!

When you need 100 uV sensitivity,
rather than 100 MHz bandwidth, HP’s
new dual-channel 1806A plug-in lets
your 180 Scope System do the job.
With the 1806A, the versatile 180
Mini-Giant becomes a powerful tool
for measuring and analyzing low-
level signals up to 500 kHz.

A 100 wV/div deflection factor

lets you see beyond the surface of
a signal — to detect ripples,
discontinuities and harmonics
invisible at less sensitive levels.

To get the most out of the 100 nV
sensitivity, drift is typically <50
©V/hr, CMRR is 100 dB, noise

is <20 uV tangential at full BW—
and a pushbutton lets you limit
bandwidth to 50 kHz, when you
need to.

For applications where you need
high-bandwidth capabilities, there
are a host of other plug-ins for
the versatile 180 System. There's

a 50 MHz, 5 mV/div plug-in for
only $695. 100 MHz with 10 mV/div
and 50() input, $1200 (10 MQ active
probe, $95 extra).

Other available plug-ins include:

a differential / dc-offset amplifier, a
4-channel amplifier, and a 35 ps
time-domain reflectometer that
doubles as a 12.4 GHz sampler.

Today, oscilloscope technology

is at a crossroads. The HP direction
points to getting the best, now, at

a low price —with assurance of
increased measurement capabilities '
down the road, using existing
mainframes. The new 1806A
plug-in is the latest example of

this approach at work.

To see the 180 System, call your
local HP field engineer. Or, write to
Hewlett-Packard, Palo Alto,
California 94304. In Europe:

1217 Meyrin-Geneva, Switzerland.

080/15

HEWLETT (hp; PACKARD
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THE 0.1% PORTABLE IMPEDANCE BRIDGE

...Inthe GR tradition of
etter measurements

GR’s new 1656 Impedance Bridge rounds out the Gen-
eral Radio family of impedance bridges. Now there's a
choice of three to suit your exact needs for accuracy and
economy. All three measure broad ranges of C, L, R, G, D,
and Q, while each has its own distinctions. The new port-
able 1656 offers 0.1% accuracy for only $700 (price in the
U.S.), the 1650 features 1% accuracy in a portable package
for $545, and the 1608 is a bench-type instrument with
0.05% accuracy for $1675. All three are self-contained
1-kHz instruments; external oscillators and detectors will
extend their ac testing capability to a 20 Hz-to-20 kHz
range.

The 1656, like the other two bridges, measures C up to
1100 uF, L up to 1100 H, and R to 1.1 M() With the 1656, G
can be measured up to 1.10 ; D and Q cover over-all ranges
of 0 to 50 and 0.02 to =, respectively. The 1656 resolves C
down to 0.1 pF, L to 0.1 «H, R to 0.1 m(, and G to 0.1 n{).
Your best bet, anywhere, for de measurements is the 1656:
consider the 10-uV/mm detector sensitivity and the wide
resistance and conductance ranges.

Measurement of the new high-precision components
demands an accurate bridge. With four-decade lever bal-
ancing, the 1656 achieves trie 0.1% basic accuracy and a
direct and easy readout of all four digits, without the need

for interpolation or vernier interpretation. A rack version
of the 1656 is available for $735; GR also makes an acces-
sory $45 test jig for connecting axial-lead components.
Know all the members of our impedance-bridge family

by name:

1656 —0.1% accuracy, portable, $700.

1608 —0.05% accuracy, bench, $1675.

1650 — 1% accuracy, portable, $545.

Whichever degree of measurement performarce you
require, you can get complete specifications from your
nearest GR District Office or from 300 Baker Avenue,
Concord, Massachusetts 01742. In Europe write to Postfach
124, CH 8034, Zurich, Switzerland.

General Radio

ATLANTA 404 633 6183 / BOSTON 617 646 0550 / CHICAGO 312 9920800 / CLEVELAND 216 886.0150
DALLAS 214 637 2240 / LOS ANGELES 714 540.9830 / NEW YORK (N.Y ) 212 964-2722 (N J.) 201 943 3140
PHILADELPHIA 215 646 8030 / SAN FRANCISCO 415 948 8233 / SEATTLE 206 747-9190 / SYRACUSE 315 454 9323

WASHINGTON D C 3018815333/ TORONTO 416 252 3395 / ZURICH (051) 47 70 20
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National sells
MOS than Fairch
Tl and Signetics

Guess which one
is selling shift

registers at
a penny a bit.




ild, Motorola,
combined.

Who else? NEW

National just came out with ™

the MM5016, a bipolar compatible
512-bit dynamic shift register with a five

REFRESH MEMORY |
s ey o CHARACTER  Z AY'S
GENERATOR J MODULATION
MM 501k MM 5001 : O :
512 BiT, REGISTER DUAL &4 BIT REGISTER CRT
| PME590 | screen
LINE AGDO:‘ESS }1 MM‘SZ‘!O
(&
FspfaEa 2500 BIT ROM

dollar price tag (in quantities of 100).
The MM5016 should interest designers of CRT
refresh memories, radar delay lines or fast
access drum memories. And engineers looking
for a small and stable replacement for glass
and magnetostrictive delay lines.

Now guess who's selling 600ns ROM'’s.

National again.We just introduced the
MM5240, a bipolar compatible, 2560 bit
character generator that offers you
off-the-shelf standard fonts in addition to its
~ blazing speed.We've priced the MM5240
at $30.00 (in quantities of 100) and now await
orders from people involved in character
generation, random logic synthesis,
micro-programming and table look-up.

What else?

Well, National recently introduced still

another MOS, the MM5001. The MM5001 is

a dual, 64-bit dynamic shift register. Like the
MM5016 and the MM5240), it’s bipolar =
compatible. It costs just $10.80 (in quantities |
of 100), and you'll find the MM5001 handy in a
variety of data handling and computer type
applications.

All three of National’s new MOS products
have application in CRT refresh memories.
We've written an application brief to give you
all the details. The brief awaits you now at
your National distributor. So do the products.
National Semiconductor Corporation,

2900 Semiconductor Drive, Santa Clara,
California 95051/Phone (408) 732-5000,
WX (910) 339-9240.
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The Arnold Engineering Co., Dept. F1, Marengo, Illinois 60152 « Member Company of Allegheny Ludlum Industries * Branch Offices and Representatives in Principal Cities

6

Customagnetics.

Made-to-order tape and bobbin wound cores. Consistent quality,

too. Especially from Arnold.

You can get what you want in a tape or bobbin
wound core. When you come to Arnold. We're
specialists in matching the core to the cus-
tomer. (And you can takeadvantage of Arnold’s
unique ability to cut tape-wound cores.)
Name your properties. High permeability at
low magnetization. Or highest initial perme-
ability. Or low hysteresis loss. Or a more rec-

tangular hysteresis curve. Or high flux density.
And, of course, economy. We’ll tailor cores to
fill the bill.

Choose from cores of Deltamax, 4-79 Perm-
alloy, Square Permalloy, Supermalloy, and
ultra-high-induction Supermendur. In the
broadest variety of case selections. Start by
getting all the facts. Just call or write.

ARNOLD

SPECIALISTS IN MAGNETIC MATERIALS
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A wave analyzer with a
10,000-second sweep time?

...because, in low-frequency spec-
trum analysis work, you need to use
a narrow-bandwidth window. The
narrower the window you use, the
slower you must sweep it across the
frequency range to be analyzed. And
the slower you sweep, the smaller a
frequency range you can cover in any
given time. Thus, until now, your
choice has been either accuracy or
range but not both.

The new HP 3590A/3595A system
solves that dilemma. The HP 3595A
plug-in is a sweeping local oscillator

39908 WAVE ANALYZER

Why?

with 10,000 seconds of sweep time
available. By using it with the HP
3590A Wave Analyzer mainframe, you
can scan the entire three-decade
audio frequency range at 2 Hz per
second, inone sweep. And, by adding
an HP X-Y recorder, you can see the
results on a single 11 x 17-inch graph.

In addition to extended sweep time,
the 3590A/3595A combination also
gives you a choice of five sweep rates
(from 1 Hz to 1,000 Hz per second)
and four filter bandwidths (from 10 Hz
to 3,100 Hz), an 85 dB dynamic range

o e

FREQUENCY RANGE  SWEEP SWEELP RATE Lessect
» e
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over either of two frequency ranges
(20 Hz to 62 kHz and 200 Hz to 620
kHz), 3 uV to 30 V sensitivity, and
built-in autoranging for ease of
operation.

The result is a systems-analysis
tool ideally suited for work in the
lower frequency ranges, with the
capability to work in higher frequency
ranges as well!

The 3590A Wave Analyzer main-
frame is $3200; the new 3595A plug-
in with the 10,000-second sweep time
is $1250. Other plug-ins available for
the 3590A are: the 3592A slave and
program unit, for use with a second
mainframe, $80; the 3593A with
3-digit mechanical display and 620-
second maximum sweep time, $1100;
and the 3594A with 5-digit electronic
counter frequency display and 620-
second maximum sweep time, $1600.

To getcomplete information on the
HP 3590A and the various plug-ins,
contact your local HP field engineer.
Or, write to Hewlett-Packard, Palo
Alto, California 94304. In Europe:
1217 Meyrin-Geneva, Switzerland.

HEWLETT '_hﬁ_, PACKARD

SIGNAL ANALYZERS



LOAD: 4000 to —52V

ISR UNCOMPENSATED ECL

CHANGE IN ECL LOGIC LEVELS WITH TEMPERATURE

EASY TO USE:

Simplified wiring rules. Standard
double-sided PC boards.
Unterminated lines. Logic levels
constant over temperature range.

INPUT VOLTS
-12

N FAIRCHILD TEMPERATURE COMPENSATED 9500 ECL

HIGH SPEED:
2nS gate delay (even

faster system speeds
with MSI elements).

-
o
<]
>
-125
g
&
3

LOW COST:

Low unit cost for gates and MSI.
Low design and manufacturing
costs with conventional board
assembly and wiring techniques.




Easy ECL.

New 9500 ECL Family.

The temperature compensation in our 2nS ECL
makes it so nifty to use.

Until 9500 ECL, emitter coupled logic was the prima
donna of the industry: a dazzling performer, but so tem-
peramental to work with. As one of the major ECL manu-
facturers pointed out, “ECL requires a higher degree of
sophistication—in printed-circuit board design, thermal/
mechanical design, and in designing to minimize noise.
But,” he concludes on a melancholy note, “the main
problem is in gettingipeople to accept this.” The fact is,
with the advent of the 9500, people don't have to accept
these trade-offs any longer.

It's the temperature compensation in our new 9500 ECL
that makes it the first low-cost non-saturating high-speed
digital IC family that's easy to use.

Elaborate system cooling designs are unnecessary
because a unique on-chip temperature compensation net-
work maintains logic levels constant over the temperature
range. This, in turn, means that noise margins remain con-
stant with temperature. Constant logic levels also reduce
the danger, common in other ECLs, that additional time
delays may be introduced by driving input transistors into
saturation. And finally MSI functions, such as the 9581,

become easy to use, thus reducing system complexity
and cost.

Layouts are simplified and PC board manufacturing
costs reduced because 9500 can drive up to 8 inches of
unterminated line using on-chip input and output pull-
down resistors. Standard double-sided PC boards can
be used.

In addition, the circuits are stable because these internal
resistors maintain the real part of the input impedance
positive across the operational frequency range.

If desired, 9500 can drive 50 ohm lines up to 10 feet long.

These 9500 ECL devices — 16-pin, hermetically-sealed,
ceramic DIP, 0° to 75°C—are now available from your
friendly Fairchild distributor (others to follow shortly):

1-24 25-99 100-999

9502 Dual 4 I/P OR/NOR Gate 2,958 12.3508.2.05
9503 Triple 2 |/P OR/NOR Gate 3.10 250 2.15
9504 Quad 2 I/P NOR Gate 325 260 230
9528 Dual D Flip-Flop 975 7.80: -7.05
9581 One of Eight Multiplexer 2450 19.50 17.50

Send for data sheets and applications information on the
new 9500 Easy ECL Family.

IR > i
FAIRCHILD
ERERIEERENE T
SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR. A Division of Fairchild Camera and Instrument Corporation, Mountain View, California 94040. (415) 962-5011. TWX: 910-379-6435.
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=
NEW! IC COMPATIBLE

Let Magnecraft relays work, while
your integrated circuits think. ..

Our new IC compatible reed relays offer total isolation of the inte-
grated circuit. These relays are capable of switching higher voltages,
for example a neon lamp readout, while operating at the low input
voltage of the IC, 2.5 volts or 5.0 volts.

Best of all, Magnecraft stocks the IC compatible reed relays for
immediate delivery. They're priced right, too—as low as $1.54 in
1000 quantities and even lower for larger quantities.

Contacts are rated 10 VA at 0.5 amp max. or 100 VDC max. re-
sistive load with a configuration of SPST-NO (1 form A), and 3 VA
at 0.25 amp or 28 VDC max. resistive load with a configuration of
SPDT (1 form C). Two package designs for mounting are available:
in-line axial leads; and low profile printed circuit type.

For all the facts on the new IC relays and Magnecraft's 512 other
in-stock relays, send for our new Stock Catalog No. 271.

See our product data in EEM

Magaacrafy
STocK

@,
‘N‘ t‘l REvlb..dﬂYS

IMMEDIATE DELIVERY

1
f
I

Magnecraf'tﬁ ELECTRIC CO.

5575 NORTH LYNCH AVENUE ¢ CHICAGO, ILLINOIS 60630 312 282-5500

See us in Booth #6122 at Production Engineering Show.
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FILTER EXT. REF POWER

GUARD
—
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= \O\-U\E-\R SYSTEMS INC

DEL MAR CALIFORNIA

4 Ranges — DC Volts

4 Ranges — AC Volts

5 Ranges — Ohms

Ratio Capability

Automatic Range and Polarity
Printout Option

Battery Option

RIGHT ON TARGET is the latest addition to
the growing line of high quality, low cost, digital
meters from NLS. Continuing the tradition of,
“the finest instruments available at sensible prices,”
Non-Linear Systems is proud to announce the avail-
ability of the NEW, LOW-COST SERIES LX-2
AUTO-RANGING MULTIFUNCTION DIGITAL
VOLTMETER. This superior instrument, born of
engineering and manufacturing know-how, is sure
to please the eye and the budget of the discerning
instrument buyer. See it soon!

NON-LINEAR SYSTEMS, INC.
DEL MAR, CALIFORNIA



* MODEL

the smallest low-price multi-turn potentiometer on the market.

You can be four times as sure of balancing critical
circuitry with this new cermet trimmer, Model 3339.
Why? An ingenious drive mechanism (patent pend-
ing) gives you four mechanical turns to traverse the
element.

Cermet provides the tempera-
ture coefficient (=100 ppm/°C) and total resist-
ance stability you need for temperature extremes
(—55° to +-150°C if need be). Choose your resist-
ance — 10 to 2,000,000 ohms. Count on quality.
Model 3339 has a thermo-setting plastic housing,
sealed for extra protection. And, the wiper assem-

bly idles at both ends, eliminating possibility of
damage to end stops.

Call or write your nearest Bourns sales office for
more data on this new multi-turn in single-turn
package size (.30” dia. x .25” high). Also available
in a side adjust model.

BOURNS

BOURNS, INC., TRIMPOT PRODUCTS DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507
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For further information on meet-
ings, use Information Retrieval Card.

Sept. 21-24

International Conference on En-
gineering in the Ocean Environ-
ment (Panama City, Fla.). Spon-
sor: IEEE. Lewis Winner, 152 W.
42nd St., New York, N. Y. 10036.

CIRCLE NO. 403

Sept. 23-24

Electron Device Techniques Con-
ference (New York City). Spon-
sor: IEEE. Mayden Gallagher,
Hughes Res. Labs., 3011 Malibu
Canyon Rd., Malibu, Calif. 90265.

CIRCLE NO. 404

OCTOBER 1970 M
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Oct. 7-9

Allerton Conference on Circuit
& Systems Theory (Monticello,
I11.) Sponsors: IEEE, Univ. of
Illinois. G. Metze, Univ. of Illinois,
Urbana, I1l. 61801.

CIRCLE NO. 405

Oct. 13-15

International Telemetering Con-
ference (Los Angeles). Sponsors:
International Foundation for Tel-
emetering, et al. J. Wayne
Matthews, c¢/o Electronic Re-
sources, 4561 Colorado Blvd., Los
Angeles, Calif. 90030.

CIRCLE NO. 406
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Slot supplies have you in a rut?

GET OUT OF IT!

Replace obsolete, narrow-range slot supplies with POWER/MATE CORP.'s UniPower Series.
These nine all-purpose, wide voltage range power supplies can replace thousands of narrow-
range slot supplies and give you these big advantages: current output up to 34 amps e
adjustable to any range from 0-34 volts e regulation to 0.005% e ripple a low 250 micro-
volts. The wide voltage range of the UniPower Series simplifies your power supply require-
ments because you can stock fewer units. In addition, these modules can be mounted in
standard size racks or on any of three surfaces and in any position!

The UniPower Series of Nine

Uni-76 — 0-34 volts, 0.5 amps — $76.00

Uni-88 — 0-34 volts, 1.5 amps — $99.00 .

Uni-30C — 0-30 volts, up to 5 amps — $134.00

Uni-30D — 0-30 volts, up to 8 amps — $151.00

Uni-30E — 0-30 volts, up to 12 amps — $174.00

Uni-30F — 0-30 volts, up to 18 amps — $205.00

Uni-306 — 0-30 volts, up to 24 amps — $265.00

Uni-30H — 0-30 volts, up to 34 amps — $315.00

UniTwin-164 — dual output 0-25 volts, 0.75 amps — $164.00

OUTPUT VOLTAGE vs. OUTPUT CURRENT FOR VARI-RATED UNI SERIES

8 |10} 12]114] 15116 1 18120 | 22|24 ] 26 § 28 130

UNI-76 0.05 amp throughout range
UNI-88 1.5 amps throughout range
UNI-30C | 50| 46| 44| 42| 41| 40| 3.8|36] 3.4]3.2| 30| 28| 26| 2.5
UNI-30D | 80| 76| 73| 69| 66| 64| 6.2 | 60| 57| 53| 50| 4.7 | 44| 4.0
UNI-30E |12.0 {11.2{10.8|10.3| 98| 95} 9.2 188| 83| 79| 74| 69| 6.4 6.0
UNI-30F }18.0 [16.9 {16.2|15.5{14.8{14.4 |14.0 |13.3|12.6 |11.9|11.2{10.5| 9.8 | 9.0
UNI-306 |24.0 {22.5121.6|20.6{19.6{19.1 |{18.6 |17.7 |16.7 |15.8 |14.8{13.8 {12.9]12.0
UNI-30H }34.0 {31.930.5{29.2{27.8|27.1 [26.4 {25.0 {23.7 |22.4 |21.019.7 |18.3 |17.0

SPECIFICATIONS: Regulation — up to =+0.005% or 1 MV for line and load; Ripple — Less
than 250 microvolts; Response Time — Less than 20 microseconds; Overload and Short
Circuit Protection — Solid state. Instantaneous recovery, and automatic reset. Cannot be
damaged by prolonged short circuit or overload. Internal or External Adjustable OVP Available.

FREE: Send for complete catalog. Write to:

POWER/MATE CORPORATION
PIMIIC

514 S. RIVER ST., HACKENSACK, NEW JERSEY 07601
PHONE: (201) 343-6294 TWX: (710) 990-5023
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with this quiet family.

Hot Molding with Allen-Bradley's exclusive
technique, gives these composition variable
resistors an unusually low noise level. And
importantly, this low noise level actually de-
creases in use. Under tremendous heat and
pressure the resistance track is molded into
place. A solid element with a large cross-sec-
tion is produced.

This important Allen-Bradley difference
means better short-time overload capacity
and a long operating life. Control is smooth,
resolution almost infinite. These variable re-
sistors are ideal for high frequency circuits.
Why should you trust the performance of

your designs or your reputation to anything
less than Allen-Bradley quality? Use the most
thoroughly “field tested” (over 20 years) vari-
able resistors available today. Quantity stocks
of popular types J, G, W and GD available for
immediate delivery from your appointed A-B
industrial electronics distributor.

For information write: Marketing Department,
Electronics Division, Allen-Bradley Co., 1201
South Second Street, Milwaukee, Wisconsin
53204. Export office: 1293 Broad Street,
Bloomfield, N. J. 07003, U.S.A. In Canada:
Allen-Bradley, Canada Ltd., 135 Dundas
Street, Galt, Ontario.

SPECIFICATIONS

TYPE J— TYPE G—

STYLE RV4 TYPE K STYLE RV6 TYPE L TYPE W TYPE GD
CASE 5/8" deep x 5/8"” deep x 15/32" deep x | 15/32"” deep x 15/32" deep x | 35/64" deep x
DIMEN- 1-5/32" dia. 1-5/32" dia. 1/2" dia. 1/2" dia. 1/2" dia. 1/2" dia.
SIONS (single section) | (single section)
POWER
at + 70°C 225 W 3w 05 W 0.8 W 0.5 W 05 W
TEMPERA-
TURE —55°C to —55°C to —55°C to —55°C to —556°C to —55°C to
RANGE +120°C +150°C +120°C +150°C +120°C +120°C
RESIST-
ANCE
RANGE 50 ohms to 50 ohms to 100 ohms to 100 ohms to 100 ohms to 100 ohms to
(Tolerances: |5.0 megs 5.0 megs 5.0 megs 5.0 megs 5.0 megs 5.0 megs
*10and 20%)
TAPERS Linear (U), Modified Linear (S), Clockwise Modified Log (A), Counter-Clockwise Modified Log (B),

Clockwise Exact Log (DB). (Special tapers available from factory)

FEATURES |Single, dual, Single, dual, Miniature size. | Miniature size. | Commercial DUAL section
(Many and triple and triple Immersion- Immersion- version of version of
electrical versions versions proof. SPST proof. type G. type G.
and available. Long | available. Long | switch can be Immersion- Ideal for
mechanical |rotational life. rotational life. attached. proof. attenuator
options Ideal for applications.
available attenuator Immersion-
from applications. proof.
factory) Snap switches

can be

attached to

single and dual.

ALLEN-BRADLEY
’J’ \LJ :
INFORMATION RETRIEVAL NUMBER 12

EC70-6 © Allen-Bradiey Company 1970




Our PULSE-RATED toroids really are alike.

All toroids look alike.

We developed the concept of pulse
rated toroids to eliminate tedious se-
lection problems. Now we’ve devel-
oped new materials. Fully proven.
Component tested. So you get guar-
anteed performance over a tempera-
ture range of 0° to 60° C.

Pulse-rated toroids not only sim-
plify your selection process, they
practically eliminate scrap. So you
get 100% yield in your pulse trans-
former production.

Specifications provided for every
pulse-rated toroid include pulse in-

Indiana eneral (<=

ductance, volt-microsecond product,
and temperature behavior under
pulse conditions.

Parylene-coated pulse-rated to-
roids in sizes and specifications to
suit your design requirements are
now available for off-the-shelf deliv-
ery. Want some? We welcome the
opportunity to send you samples.
And hot-off-the-press spec sheets.
And to consult with you about your
design problems. Write Indiana
General, Electronic Products, Keas-
bey, N. J. 08832.

a division of Electronic Memories & Magnetics Corporation
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We've got the dope

Twenty-six companies were in
on it. They didn’t breathe a word.

You wouldn’t either, if you had
something special going for you to
give you lower development costs,
quicker start-up, and more competi-
tive pricing.

We won'’t tell you who these
companies were.

But we will tell you their secret.

Every one of them utilized ad-
vanced, off-the-shelf MOS circuits
from the same source—Electronic
Arrays.

Fifteen of these 26 companies
were less than three years old, which
points out that EA’s broad line of off-
the-shelf MOS registers, ROMs, Read/
Write RAMs and logic arrays are
especially suited to companies needing
low-cost product development and
sure-fire delivery.

on 26 companies at Spring Joint.

Now that we have your ear,
we'd like to keep you clued in. Whis-
per the password —MOS —to your EA
distributor or reptesentative. Or write
directly to the source: Electronic
Arrays, Inc., 501 Ellis Street, Mountain
View, Calif. 94040. (415) 964-4321.

electronic
drrays, Inc.
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ZNS383

REPLACE OLD 2N3904 and 2N3906 PLASTIC

TRANSISTORS AND GAIN 3 WAYS. 360 mW P, vs 310.

T, (max) =150°C vs 135. TO-18 PINNING.

These two new Sprague plastic transistors give you

OoLD NEW oLD NEW

20% more power dissipation, 15° C higher junction NUMBERS | SPRAGUE TYPES| NUMBERS | SPRAGUE TYPES
temperature, and industry standard TO-18 pinning 2N3903 2N5380 MPS6514 TPS6514
when used as direct electrically interchangeable re- 4114994 2N5381 MPS6515 TPS6515
placements for 2N3904 and 2N3906. i:g:gz g::g:g x:g:g:; I::gg:g

The 2N5381 and 2N5383 are two of twenty new 2N4123 TP4123 MPS6518 TPS6518
TO-18 pinned plastic transistors from Sprague. Check 2N4124 TP4124 MPS6519 TPS6519
the replacement chart, then make your move. Sprague g:::g: 1:4432 xigzgg? Ig:ggg?
industrial distributors have stock. The sales offices MPS6512 TPS6512 MPS6522 TPS6522
listed below can supply samples. Call them now. Or MPS6513 TPS6513 MPS6523 TPS6523

get complete specifications by writing Technical

Marshall Street, North Adams, Mass. 01247, or use

literature Service, Sprague Electric Company, 347 the reader service number below.

SPRAGUE ELECTRIC CO., SEMICONDUCTOR DIV., CONCORD, N.H. 03301 (603) 224-1961

ALA. Huntsville, no charge call operator, WX4000 ARIZ. Phoenix (602) 279—5435 CALIF, Burlmgame 5615) 38{‘-'7‘701! LusbAmg;I(?:‘ls5
rumbu

Bell Tel., 8213) 870—0161 Gen. Tel., (213) 391-0611 San Dlsgo (714
261-2551 DC Washmgton (202) 244-6006 FLA. Orlando

253-4247 MASS. Newton (617)969-2520 North Adams 413)664-4411 mcu Jackson 5517 787-3934 MINN. Minneapolis (612) -77
696-8200 N.M. Albuquerque 505)2
N.Y. Melville (5 6) 549-4141 Syracuse (315) 437-7311 N.C. Winston-Salem (919) 722-5151 OHIO Chagrin Falls (21

MO. St. Ann (314) 291-2500 N.J. Cherry Hill (609) 667-4444/(215) 467-5252 Wayne (201
Dayton (513) 2

Seattle (206) 632-776

640 COLO. Denve
5) 83 LL Schiller Park (312) 678-2262 IND. Indianapolis

317)

3-9187 Cincinnati, no charge call operator, Enterprise 3-8805 TEX. Richardson (214) 235- 1256 WASH.

SPRAGUE

247-6488 THE MARK OF RELIABILITY

155.0133
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To measure a dc voltage to with-
in 0.1% when it’s across a fairly
low impedance is no great feat.
The cheapest reasonable monolithic
IC operational amplifier can do the
job. But when an accuracy of
0.001% is needed and the source
impedance is on the order of hun-
dreds of kilohms, some very inter-
esting and subtle problems can
arise.

To make the optimum choice of
an amplifier for a given precision
measurement, the drift character-
istics of the various types of op
amps should be considered, along
with the nature of the source. Only
when both factors are taken into
account can a wise decision be
made.

Page 54
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If test results justify it, present
incandescent lights in Air Force
jet cockpits will give way to EL
phosphor panel displays.

An EL lamp consists of a light-
emitting phosphor sandwiched be-
tween two electrodes. The green EL
light—emitted when the proper
voltage is placed across the elec-
trodes—is filtered to make it white.
Page 25

THE ISSUE

Consisting of npn and pnp bi-
polar and field-effect types, two
new series of monolithic dual tran-
sistors offer superior temperature
tracking and high current gain
at low costs.

One series of bipolur dual tran-
sistors exhibits typical tracking
(base-voltage differential drift) of
3 uV/°C and a typical base-volt-
age differential of 2 mV.

Another series of dual FETS ex-
hibits tracking of 1 uV/°C over the
temperature range of —55 to
+125°C, a gate-to-source break-
down voltage of 30 V, source trans-
conductance of 2 umhos and gate-
to-gate breakdown voltage of over
60 V.

Page 99



NTRUDUCGIN
PANAPI-EXWNUMERIC DISPLAY

UNITIZED, 9 to 16 DIGIT NUMERIC PANEL DISPLAY

LOWEST COST-PER-DIGIT READOUT AVAILABLE

Burroughs’ PANAPLEX panel display is a totally
new, state-of-the-art advance in numeric readouts.
It requires less than two connecting terminals per
digit. One-piece, common-segment construction
assures digit alignment — makes possible signifi-
cantly improved resistance to shock and vibration.
In-plane character display provides 150° viewing
angle. Unitized packaging reduces display length
by 25% with no reduction in digit size. Input

power required is less than for any competitive
readout panel and the display has superior bright-
ness characteristics. What's more, reliability of
PANAPLEX numeric panel display is comparable
to that of Burroughs’ NIXIE® tubes.

For additional information write: The Burroughs
Corporation, Electronic Components Division, P. O.
Box 1226, Plainfield, New Jersey 07061.

Only Burroughs manufactures NIXIE® tubes, SELF-SCAN™
n panel displays and PANAPLEX™ numeric panel displays. Burroughs




Microwave scanning may
replace vhf landing systems

WASHINGTON, D.C. — Elimination
of the present problem-ridden vhf
instrument landing systems and
ultimate replacement with C and
Ku-band microwave scanning-beam
systems is the aim of a new Gov-
ernment committee: the Microwave
Landing System National Planning
Group. Headed by Alexander B.
Winick, chief of the navigation divi-
sion of the Federal Aviation Ad-
ministration’s research and devel-
opment service, the committee
includes members from the Depart-
ments of Transportation and De-
fense and the National Aeronau-
tics and Space Administration.

Committee objectives, according
to Winick, are the development,
test, and acceptance of a new mi-
crowave system—as yet undefined
—rthat will be compatible with both
civil and military aircraft require-
ments.

The prime reason for substitut-
ing a microwave system for the
present landing system is to elimi-
nate false, off-course signals gen-
erated by reflections from build-
ings and structures on the airport,

and from planes flying overhead.

The microwave system is also
superior in that interference be-
tween two or more of them is mini-
mal. The systems as projected
could be placed as close as 750 feet
from each other, permitting simul-
taneous landings on parallel run-
ways.

The only real problem at the
higher frequencies is attenuation
from heavy rain, but FAA officials
say that this can be solved by us-
ing the C-band as the primary-
system frequency with guidance in
both azimuth and elevation. For
landing in zero-visibility weather,
short-range Ku-band equipment
would provide precise guidance in
elevation, down to flare-out, touch-
down and rollout. Signals from the
scanning system would be fed to
the autopilot system, as with to-
day’s method of operation.

Research and development on
both C-band and Ku-band systems
is planned over the next five years
at a cost of about $27 million. Cur-
rent cost goal for the complete sys-
tem is about $500,000.

Computer helps restore Caruso’s fuzzy voice

The voice of Enrico Caruso has
been successfully separated from
the vibrations of early recording

<4 INFORMATION RETRIEVAL NUMBER 17

equipment by a signal processing
technique developed at the Uni-
versity of Utah, Salt Lake City.

Using a computer, researchers es-
timated the reverberation of the
acoustic system originally used to
record the voice. Then recorded
sound waves of Caruso’s voice were
digitized and fed into the com-
puter, which reprocessed them to
remove the reverberations.

The restored voice was then re-
recorded. The results sound like
a much younger Caruso, who is
much nearer the listener than in
the original recording and sings
with a much wider dynamic range.

Dr. Thomas Stockham Jr., asso-
ciate professor of engineering who
spearheaded the work, points out
that although the digitally “re-
stored” voice sounds far more natu-
ral than the original recording,
the process does not replace high
frequencies that were not picked
up in the first place. He plans
therefore to improve the sound
still more by extrapolating the

missing frequencies from the
known “signature” of Caruso’s
voice.

Dr. Stockham speculates that re-
cording companies may someday
use computer programs to retrieve
the true sounds of recordings that
contain unwanted reverberations—
such as voice recordings in large
convention halls where engineers
cannot control the acoustics.

2 conferences to explore
environmental problems

Growing interest in the use of
electronics to solve environmental
problems is reflected in two con-
ferences planned this fall: the
IEEE International Conference on
Engineering in the Ocean Environ-
ment, Sept. 21-24 in Panama City,
Fla., and the 25th National Con-
ference of the Association for
Computing Machinery, Sept. 1-3 in
New York City.

The IEEE meeting features
several sessions on ‘“Monitoring
Techniques in Coastal Waste Man-
agement.” The panels were orga-
nized by Dr. Russell Keim, execu-
tive secretary of the Committee on
Ocean Engineering in the National
Academy of Engineering, Wash-
ington, D. C.

“This area,” says Dr. Keim, “has
long been the province of -civil,
mechanical and chemical engineers
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who developed systems for measur-
ing physical, chemical and biologi-
cal aspects of ocean wastes and
ocean environment.”

Now, he adds, there is a pressing
need for electronic engineers to
join in designing measuring sys-
tems at reasonable cost.

A massive problem, Dr. Keim
points out, is the tremendous
amount of data gathered that must
be monitored and evaluated.

In agreement with Dr. Keim is
Thomas L. Brewer, organizer of
earth-resources sessions at the
computing machinery conference.

Brewer says: “The amount of
real-time data that must be gen-
erated in the operation of an earth-
resources management system de-
fies the imagination. And this is
where the computer industry faces
a major challenge.”

The sessions organized by Brew-
er, who is manager of systems en-
gineering, Re-entry and Environ-
mental System Div.,, General
Electric, will present the system
requirements for the exploration
and management of earth resources
and environmental control.

British computer
gets the sack

In Birmingham it was pay checks
that came out wrong too often that
caused 4000 workers to strike un-
less the computer was fired. The
factory promised a return to a
manual payroll “as soon as pos-
sible.”

Seems the electronic age is on
the spot in the old country.

Artery disease study
to use doppler method

With a new utltrasonic pulsed-
doppler instrument developed at
the University of Washington, re-
searchers hope to detect the first
signs of deterioration in the artery
walls due to atherosclerosis and to
monitor the course of the disease.

Operating on the same principle
as radar, the instrument emits ul-
trasonic pulses into the body, and,

22

from the doppler shift in reflected
pulses, determines the velocity of
the blood particles. When athero-
sclerosis attacks the cardio-vascu-
lar system, calcium forms in the
artery linings. This makes the
passage narrower and causes the
blood to flow faster at the center
of the artery. The instrument pin-
points the damaged areas by plot-
ting blood flow vs. artery diam-
eter.

According to Dr. Curtis Johnson,
assistant director of the Center
for Bioengineering at the univer-
sity, even a slight deterioration of
the artery walls alters the velocity
profile. Thus it will be possible, he
says, to study the development of
atherosclerosis and to evaluate the
effect of treatment. This has never
been possible before.

The instrument will be manu-
factured by Parks Electronics,
Beaverton, Ore. A similar device is
under study at Guy’s Hospital in
London, England.

New system fights
credit-card fraud

A new weapon against credit-
card fraud instantly checks wheth-
er a card is valid, lost, stolen or
canceled. The computer terminal
that does the job reads both stand-
ard credit cards or new magneti-
cally coded ones. It is being tested
at a number of locations selected
by the American Express Company.

Developed by Penril Data Com-
munications, Inc., Rockville, Md.,
for American Express, the new ter-
minal is linked—via a mnational
telephone network—to a newly de-
veloped credit authorization and
financial data system using twin
IBM 360 computers at American
Express headquarters in New York
City. The system remembers de-
tails on over three million credit
card-member accounts.

The new terminal accommodates
up to six different charge-card
plans. Inserting the card in a tray
and pushing a button automatically
dials the computer and gives the
identification number of the credi-
tor (hotel, airline, ete.).

With the magnetically encoded
cards, the user simply enters the
amount of the purchase on the key-
board and presses a key. The ter-

minal then reads and verifies the
account number and transmits this
to the central computer.

On an approved transaction, it
then imprints on a record-of-
charge form the card member .
name, account number, service-
establishment identification, and
the dollar amount and approval
code. If the charge is denied, the
terminal ejects both the card and
the form without printing.

Cannons accelerate
high-shock tests

The latest example of turning
swords into plowshares is the use
of artillery to perform high-shock
testing by Sandia Laboratories,
Albuquerque, N. M.

The advantage of the technique
is the ease of accelerating a shell
containing electronic test compo-
nents to 16,500g. In addition, if the
field piece is rifled, angular spin
velocities of 240 rps can also be
obtained.

Sandia’s location in the desert
southwest has one big advantage:
there is no nearby population to
complain of the noise. Other prob-
lems, such as recovering the test
vehicle (shell) without allowing
deceleration to obscure the effects
of acceleration, and obtaining
telemetering from the inside of the
cannon barrel were solved by
thoughtful design: Firing the shell
at 85 degrees and then lowering
it to the ground by parachute solv-
ed the first problem. The latter
was solved by loosely attaching a
wire to the nose of the shell. This
furnished a link to the telemetry
receiver,

Sandia spokesmen disclaim any
originality in the idea. “After all,”
they said, “Jules Verne used a can-
non to launch his spaceship to the
moon in 1865.”

|IEEE seeks panelists

on computer testing

A new IEEE subcommittee on
computer logic testing is being set
up. Interested? If you can ‘“con-
tribute to and stimulate develop-
ment” of the group, the IEEE re-
quests that you write to P. J.
Scola, LSD-C-78, General Electric
Co., 13430 North Black Canyon
Highway, Phoenix, Ariz. 85029.

INFORMATION RETRIEVAL NUMBER 18 »



HERE’S A NEW AND BETTER WAY: Tomake
printed circuit board connections. Reliably.
At low, low cost. They’re Molex Soldercon®
terminals. Integrated circuit and transistor
terminals. Offering the convenience of plug-
in 1.C.’s and transistors without the cost of
insulators. They fit directly on the board.
And there is equipment available to do the
job automatically. Fast!Soldercon terminals
save time. Money. Speed installation. Make

M160

testing easier, too. And simplify service
problems. It’s another example of Molex in-
genuity . . . in creating components that
simplify circuitry. Molex has the know-how
and facilities to provide the interconnecting
system you need. You can make connections
by calling (312) 969-4550. Or write . . . Molex
Incorporated, Downers Grove, lllinois 60515.
.=« Creating components that
simplify circuitry

molex

N




If you want to simplify your testing operations to the point where a
relatively untrained technician can make sophisticated tests with
complete confidence and accuracy, E-H Research Laboratories, Inc.,
and its subsidiary, Automated Measurements Corporation, offer the
simple solution.

First, take a look at the AMC Model 1100 Digital Readout Oscilloscope.
It's the only four-channel, four-trace digital readout oscilloscope on
the market. It was developed for the most versatile laboratory and
benchtop applications, using remote sampling units to give you greater
freedom in your testing operations. It has the capability for simul-
taneous viewing of four waveforms. And the digital display can show
time accuracy to 1% f.s. and voltage accuracy to 1% f.s.

E-H
the simple solution

The ideal driver for the AMC Model 1100 is the E-H 135 Pulse Gener-
ator. It's fondly called the Universal Pulser because of its great versa-
tility and capability of handling just about any pulser requirement you
might have today and for some time to come. The E-H 135 is the only
50 MHz pulser available that has unattenuated baseline offset to =5V
into 50 ohms. It also features rise and fall times of from 3 ns to
greater than 8 ms.

The two instruments mentioned above are just a sample of a complete
line of E-H and AMC equipment available. So no matter how complex
your testing problems are, get to the simple solution fast. Contact
your E-H representative today.

E-H RESEARCH LABORATORIES, INC.

515 Eleventh Street - Box 1289, Oakland, California 94604 < Phone: (415) 834-3030 - TWX 910-366-7258
In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: Iwatsu Electric Company, Ltd., 7-41, 1-Chome Kugayama Suginami-Ku, Tokyo 167, Japan
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NEWS

Air Force to test EL for cockpit lighting

Study of night-vision problems may lead to replace-
ment of bulbs by electroluminescent devices

John N. Kessler
News Editor

An Air Force pilot in Vietnam
flying low on a night mission,
nears his target. The cockpit lights
of his jet are blacked out to pre-
serve his night vision and to pre-
vent “canopy glow”—a dead give-
away of the plane’s position to the
enemy on the ground. But occa-
sional instrument checks are essen-
tial, and for these the pilot beams
a small flashlight on the cockpit
panel. It isn’t the best arrange-
ment—Dbecause it reduces night
vision momentarily and the fleet-
ing light might just be spotted—
but it’s the best available in com-
bat today.

This is the basic reason why the
Air Force is investigating the use
of light-emitting phosphors to re-
place incandescent bulbs in air-
craft cockpits: Electroluminescent
phosphor displays can be dim-
med so as not to impair night
vision and not be visible from the
ground, yet still provide a readable
display for the pilot. An experi-
mental program has been set up at
Wright-Patterson Air Force Base,
Ohio, to determine the best phos-
phor lighting and to evaluate EL
solid-state instrument displays.

If the results justify it, present

How electroluminescent phosphors respond under day
and night background conditions is being studied by the
Air Force. They seek instrument displays that do not

ELECTRONIC DESIGN 18, September 1, 1970

incandescent lights for aircraft in-
struments will give way to EL
phosphor panel displays.

An EL lamp consists of a light-
emitting phosphor sandwiched be-
tween two electrodes. The green
EL light—emitted when the proper
voltage is placed across the elec-
trodes—is filtered to make it white.

According to Lt. David L. Tur-
ney, project engineer at Wright-
Patterson, EL phosphors have these
advantages over incandescent
lights:

m Greater uniformity—rather
than having a pinpoint source, the
light is spread equally over an
area.

® No color shift—with present
incandescent bulbs, the color of the
source changes with filament tem-
perature (which varies as light in-
tensity is adjusted).

® Low current—which results in
a cold light source.

Although EL displays are not
new—Cessna Aircraft Co. has been
using EL phosphors in its heavier
civilian aircraft for nearly three
yvears—the benefits of redesigning
cockpit displays have not been
clearly established, Turney says.

The EL panel being evaluated
by the Air Force was built by the
Instrument Div. of Lear Seigler,

Inc., Grand Rapids, Mich. Three
techniques of lighting are under
study:

m Light-reflection—where EL
lamps mounted on a light wedge
reflect light on the instrument
panel.

m Light-transmission—w h e r e
light through plastic panels illumi-
nates each legend or scale.

m Light-emission—where the
light itself is the display element
as it shines, for example, through
a stencil.

Four tests next year

Four series of tests are planned
in the next year by the Air Force
Flight Dynamics Laboratory.

According to the Air Force, the
pilot will be able to adjust each
instrument to the lighting bright-
ness required by him for day or
night conditions. An experimenter
seated at a console in the passenger
cabin will monitor and record all
lighting voltages, which will be
correlated with display brightness
by periodic checks with a photom-
eter.

Outside brightness, says the Air
Force, will be “recorded by recep-
tors which pick up the light and
channel it through fiber-optic

bundles to a photometer, where the
light energy is converted to elec-
trical energy and amplified.” mm

degrade night vision or create a glow in the canopy of
a plane. Tests will be completed at Wright-Patterson
Air Force Base in July, 1971.
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NEWS

New computer keeps 747 jet engines cool

Jumbo-jet pilots save engines by throttling at a
‘red-line’ value calculated by on-board system

Jim McDermott
East Coast Editor

When jetliners fly, engine thrust
must be held below a maximum
“red-line” value to prevent over-
stressing the turbine blades and
shortening engine life. Thrust is
usually displayed to the pilot as an
“engine-pressure ratio”—the dif-
ference in pressures between the
inlet air and outlet jet blast. And
maximum values are in the order
of 2.00 engine-pressure-ratio units.

To set the throttles properly, the
pilot determines this red-line
value—engine-pressure-ratio limit
(EPRL)—and adjusts the throttles
to bring the displayed actual value
into agreement.

With the older and slower jets,
the crew determined the limit by
in-flight consultation of charts or
tables, using panel readings of alti-
tude and air temperature. But with
the new, high-powered jumbo jets
—the Boeing 747s, the Lockheed
L-1011, and the Douglas DC-10—
EPRL is a complicated function of
air speed (Mach No.), altitude,

FLIGHT
MODE
SELECTOR

ENGINE
PRESSURE

RATIO
LIMIT

(EPRL)
COMPUTER

temperature, flight mode (takeoff,
climb, cruise, etc.) and other fac-
tors. As a result, the tables and
charts are more complicated, and
excessive time can be consumed in
using them.

To supply this need for continu-
ous, updated values of engine-pres-
sure-ratio limit, Hamilton Stand-
ard, Windsor Locks, Conn., has
developed a new digital EPRL com-
puter and display. It will be placed
aboard 747s owned by TWA, ac-
cording to William Blake, super-
visor, aircraft instrumentation and
avionics development, TWA, Kan-
sas City. Thirty-one systems have
been ordered, but TWA is current-
ly performing flight-acceptance
tests of the first two systems for
the Federal Aviation Agency.

System is nonconventional

Choice of a 16-bit serial com-
puter for the system, instead of
conventional parallel configuration,
provided significant advantages,
according to Robert Donner, pre-

liminary-design engineer at Hamil-
ton Standard. Initial study of use
of a 16-bit parallel computer show-
ed that development and prototyp-
ing would exceed TWA’s deadline
in time as well as cost.

But required system speeds were
slow—calculations were to be per-
formed and displayed once each
half second, and system self-tests
performed every other half-second.
This permitted the use of a 16-bit,
modified serial computer, comprised
of two 8-bit strings.

This not only made time and
cost goals feasible but other ad-
vantages were gained as well. Less
hardware was required, reliability
was improved through use of fewer
parts and bit lines, maintenance
was simplified, and self-test fea-
tures were easily implemented.

“The machine is designed as a
16-bit serial computer that works
as two 8-bit machines in parallel,”
Hamilton’s Donner told ELECTRONIC
DESIGN. “For computation and
other operations, the 16-bit words
are split into 8 bits of odd and 8
bits of even serial data. After
computation, they are recombined
into a 16-bit serial string.

“This gives us the speed of an 8-
bit computer with the accuracy of
a 16-bit machine.”

The new system, designed and
prototyped for delivery within
4-1/2 months, consists of three re-
placeable units: (1) a flight-mode
selector panel; (2) an indicator
unit with digital displays of EPRL,
total air temperature, and any one
of six flight modes; and (3) a com-
puter with a read-only memory
(ROM) storing the various values
of EPRL for any of the various
flight modes. The ROM also con-
tains programmed instructions for
computer and system self-testing.

A complete system self-test is
performed every half second. If
two consecutive test cycles contain

To prevent overloading TWA's 747 jet engines, a new serial computer by
Hamilton Standard gives a ‘‘red-line”” value—engine-pressure-ratio limit
(EPRL)—to which throttles may be advanced. EPRL varies with the analog
inputs, with air bled off for deicing, as well as the flight mode—climb, cruise,
etc. It is calculated and digital displays are updated every half second, while
the system is completely self-tested every other half-second.

one or more out-of-limit condi-
tions, failure warnings are acti-
vated. The test system includes
protection against false EPRL
values due to noise or to data. mm
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Some MOS static
from Signetics.

Our new 3 MHz static shift register.

That’s some static!

Now you don’t have to be stuck with dynamic shift
registers simply because of their price, speed and
power advantages. You can head in new directions.
With Signetics new MOS dual 100-bit static shift
register.

We call it the N2010K for short.

In short, it is easier to use than a dynamic device.
Works in the same applications. Doesn’t need any
more power. Operates at higher speeds than most
dynamic shift registers. And it’s competitively priced:
$4.00 each for 100 to 999 units.

Our N2010K comes in a 10-pin TO-5 package
and you can buy it off the shelf from Signetics or
Signetics Distributors. Now.

Some other Signetics MOS dual static shift registers
also available off the shelf: S2002K /3000 25-bit,
S2003K /3001 32-bit, S2004K /3002 50-bit,
S2005K /3003 100-bit. Buy them by the numbers:
ours first/theirs second.

Plus the S2001K, a dual 16-bit device compatible
with the aforementioned devices.

Our MOS data sheets are yours for the writing. Or

Operating Frequency (MHz) better yet, buy sample devices for evaluation.

Give yourself some static. You deserve it.

Signetics [sl

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

Laser heat -- not light -- makes holograms

RCA method produces optical read-only memories
with potential for storing 300 million bits on a card

A new technique for making
holograms uses a high-powered
laser as an optical branding iron
that burns the image into the sur-
face of a film 30 to 40 atoms thick
—all in a few nanoseconds.

The method eliminates conven-
tional film exposure and develop-
ment, as well as the use of massive,
costly vibration-damped tables.

Developed by RCA as a method
of making high-capacity read-only
memories, it may also find use in
nondestructive testing and scien-
tific measurement, according to Dr.
William Webster, vice president of
RCA Laboratories, Princeton, N.J.
He says about 300 million bits of
data could be stored on a single
holographic card, in contrast with
about 2 million bits for a magnetic
memory card of the same size.

The new technique records the
holograph structure on the surface
of a thin film by vaporization. In
developing the method, Dr. Juan A.
Amodei and Dr. Reuben S. Mez-

rich at RCA made holograms on a
variety of thin films—bismuth,
tellurium, selenium, gold and
aluminum—using a Q-switched
ruby laser (see photo).

An evaporation process

The laser pulses, which are a
few nanoseconds long, strike the
film surface, and the intensity of
the combined beams—one reflected
from the object, the other the
reference beam—is sufficient to
evaporate portions of the film, pro-
ducing a holographic engraving.

The material is evaporated from
each point of the surface in
amounts that are closely propor-
tional to the integrated intensity
of the light absorbed by the film
at that point. In this manner a pro-
file of the film’s thickness is gener-
ated that closely resembles the
spatial intensity variations of the
recording light.

Such a pattern is essentially an

RCA’s method of making hologrems by heat rather than
by light converts the Q-switched laser beam into a refer-
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amplitude hologram, because while
the absorption is considerable, the
fiillm is not thick enough to sig-
nificantly affect the phase of the
light passing through it. As a re-
sult, the holograms made in this
manner can be read out by either
reflection or transmission with
about equal efficiencies.

Actual readout has been done
with a 20-mW, helium-neon cw
gas laser. The resolution obtained
by Dr. Amodei and Dr. Mezrich
is more than 1000 lines per milli-
meter—equivalent to the best reso-
lution obtainable with conventional
light-sensitive holographic film.

Because the new technique de-
pends on heat rather than the light
of the laser beam, it can be used
with lasers of essentially any wave-
length, making the system pan-
chromatic. As a result, the more
efficient infrared lasers can be
used—wavelengths not suitable for
photographic work. The metallic
film holographs are free of “grain
noise” that normally limits the
storage capacity of photographic
holograms. mm

- RuBY HASER
g \. \
4@

ence and a direct beam, which is reflected from the
object. These combine to burn the thin film.
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Making integrated semiconductor
and thin-film circuits requires a set
of photographic masks to outline the
application or removal of materials
during processing. The demand for
these masks has increased as integrated
electronics has come of age and it will
continue to grow with the technology.

Mask-making has long been
automated. The engineer feeds a geo-
metric description into a standard
program and a computer generates a
tape. The tape controls a machine
which moves a light beam or a knife
along coordinate axes to draw the
mask. This takes many hours.

Now, Bell Labs has developed a
machine which can produce complex
masks in under 10 minutes. The
machine contains an argon-ion laser.

A

ten-faceted
mirror

timing beam

mirror

Better circuit masks exposed

The laser beam is scanned across an

8 by 10 inch photographic plate

and switched on and off to expose the
emulsion on the plate according to
the mask pattern. As each scan is com-
pleted, the plate is shifted one
linewidth. Scanning time—20 milli-
seconds per line—is independent of
the number of times the beam is
switched on and off.

Each facet of a ten-faceted rotating
mirror (above) sweeps the beam once
across the plate. At the same time, each
facet sweeps an auxiliary laser beam
across a grating, generating 26,000
timing pulses for each scan. A digital
computer processes the pulses to
determine the position of the scanning
beam and to generate control signals
for an acousto-optic modulator

writing beam

moving
photographic
plate

which switches the beam on and off.

The laser beam can be directed
with an accuracy better than 2 arc-
seconds, the equivalent of a mile-long
straight line with less than /s inch
deviation. For such precision, the
machine is operated in a special con-
trolled-environment chamber where
temperature is maintained within
1/7°C and a cubic meter of air contains
fewer than 3500 dust particles larger
than one micron.

These high-speed, precise ma-
chines will supply the Bell System’s
mask needs for several years. As in-
tegrated circuits gain wider telephone
use, this will keep costs down.

From the Research :

and Development Unit
of the Bell System:
Bell Labs



NEWS

‘Listening’ to metal for telltale signs of wear

Cracks give off ultrasonic energy, labs report,
and it can be detected by sensors and analyzed

Elizabeth de Atley
West Coast Editor

A crack in a metal structure
such as an airplane, a bridge, or
even a skyscraper, can withstand
just so much stress at the rated
load before it bursts open. Yet a
moment before the failure, the
crack may have been invisible.
How is it possible to detect the
presence of a flaw in time to avoid
catastrophe? By monitoring the
structure with new acoustic emis-
sion equipment now emerging from
the laboratory.

Gary J. Dau, manager of non-
destructive testing at Battelle
Northwest, Richland, Wash., ex-
plains acoustic emission this way:
“If you stress a piece of metal
by bending or hitting it, you
cause microdeformations and ac-
tual breaking of the metallurgical
bonds. This releases energy, a
large portion of which is ultra-
sonic. We attach a sensor to the
surface of the material and detect
the energy (Fig. 1).”

A “perfect” material—one that
contains no cracks or other flaws—
must undergo considerable stress
before it will emit any appreciable
ultrasonic energy. But cracked ma-
terials emit such energy when sub-

jected to relatively little stress.
Why ? Because the stresses around
the growing edges of the crack are
much higher than elsewhere in thé
material, according to Harold L.
Dunegan, president of Dunegan
Research Corp., Livermore, Calif.

These stresses break metallurgi-
cal bonds along the crack, giving
off ultrasonic energy. By using tri-
angular techniques with several
transducers, investigators can locate
the crack precisely, Dunegan says.

Individual ‘‘signatures’’ noted

Every type of material has its
own ‘‘signature,” or graph, of
acoustic emission rate vs crack size
(Fig. 2). As the crack approaches
the point of “catastrophic failure,”
where the material will rip apart,
the emission rate increases rapidly.
If a cracked material is repeatedly
stressed beyond its rated load and
the ultrasonic pulses that are emit-
ted by the growing edge of the
crack during each stress cycle are
summed, it is possible to estimate
the size of the crack from the
signature of the material and to
predict the number of cycles the
material can withstand before rip-
ping open.

o
o

TRANSDUCER

SPECIMEN

SIGNAL

CONDITIONER RECORDER

1. The growing edge of a crack breaks metallurgical bonds and releases ultra-
sonic energy that can be detected by electronic equipment.
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ACOUSTIC EMISSION RATE

CRITICAL SIZE

CRACK SIZE ——

2. Every cracked material has its
own ‘‘signature’’ of acoustic emission
rate vs crack size. The acoustic emis-
sions increase rapidly as the crack
reaches the point of failure.

At Battelle Northwest, acoustic
emission has been successfully used
to monitor the quality of welds as
they are being made and to meas-
ure flight fatigue in aircraft wings.

Besides Dunegan Research Corp.,
acoustic-emission equipment is also
being manufactured by Nortec
Corp., Richland, Wash. The equip-
ment consists of transducers that
convert the ultrasonic bursts into
analog electrical signals. These are
amplified and filtered, then put into
a digital counter that sums the
pulses and produces a dc output
that is proportional to the number
summed. This output can be dis-
played on an X-Y plot.

Probably the biggest problem
in designing the equipment, says
Mike King, applications engineer
at Nortec, is background noise.
That’s why most acoustic emission
systems operate at ultrasonic fre-
quencies, where background noise
is attenuated.

Even the noise in the semicon-
ductor amplifier can be a problem,
King says, because it is of the same
magnitude as that of the breaking
metallurgical bonds, which give
rise to the acoustic emissions. One
way to get rid of background noise,
he says, is to use two transducers
and to subtract the noise in one
from the noise in the other. mm
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NEWS

Quick-change simulator is easy to build

A “cheap and dirty” way of
simulating a system—whether it’s
an airplane cockpit, a police dis-
patch network or a new computer
terminal—has been developed by
the Boeing Co.’s Aerospace Group
in Seattle. It’s called the Man-Ma-
chine Interface (MMI). Minor
changes in the arrangement of
switches and displays on the con-
sole can be made in half an hour,
and the system being simulated can
be changed overnight. The console
is built out of inexpensive plywood
or foam core that is easy to cut

Most of the electronics that con-
trol the input/output devices at
the console are in a display control
exchange that is physically and
electrically separated from both the
console and the central processor
(see block diagram). So all that
is needed to change the system be-
ing simulated is a new program in
the central processor and a change
in hardware at the console.

The MMI looks like a program-
mable peripheral to the central
processor, says Richard C. Land-
gref, research engineer at Boeing.

and patch. Because the central processor
_____________________ I IS
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The heart of Boeing’'s Man-Machine Interface is the display control exchange,
which contains most of the electronics that control the input/output console

elements.

can talk to it in general terms,
it is very flexible, he explains.
“For example, the processor just
says, ‘Put Image A on Indicator B
using Generator C,” and the system
takes care of the details itself.”
This takes the burden of many
housekeeping chores off the central
processor. For example, says Land-
gref, the mechanism that keeps
track of the position indicator
(such as a joystick) and updates
the cursor image on the screen is
contained in the MMI. In earlier
systems these functions took 80 to
90% of the processor’s time. mm

Typical console in the unusual Man-
Machine Interface can be built in less
than a week.

Telling component heat failures by color

Packets of fiber optics attached
to electromechanical components
have been used experimentally by
IBM to predict temperature-related
failure.

Engineers at the company’s Sys-
tems Development Div. in Boulder,
Colo., say that if such components
as servomotors, rectifiers, trans-
formers and transducers are coated
with a temperature-sensitive mate-
rial, fiber optic bundles could be
used to transmit probable failure
conditions to a display station.

The use of a paint, wax or decal
that would change, for example,
from a clear color to black in the
presence of excessive heat could

32

alert operators or engineers and
permit them to change the tem-
perature conditions or replace the
component.

IBM suggests that a photoelec-
tric detector could provide a means
of monitoring several units from a
central station. The company says
that fiber optic light monitoring is
an engineering concept only and
that IBM is not using it in its
current product line. mm

Fiber optic branches from a typical
group of electromechanical components
would transmit color changes caused by
excessive temperature to a monitoring

station.
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General Electric V' U/ UL variable transformers
help you vary voltage dependably...year after year,
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000000000000000000000000000000000000000000000
Section 413-34

General Electric Company

Schenectady, New York 12305

Please send me free bulletin GEA-8110 on Volt-Pac Variable
Transformers,

NAME
COMPANY
TITLE
ADDRESS
CITY STATE ZIp

Send in this coupon for free bulletin giving complete
details on Volt-Pac transformer features, ratings and appli-
cation data; or see your GE sales representative today.

* Laboratory tested for over one million failure-free operations.
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When youre known

for Rolls-Royces,

its hard to get
Volkswagen buyers
to think of you.

Series 72 Pulse and
Telegraph Polar Relay
. . . pulse repetition to
400/sec., life in hun-
dreds of millions of
operations

Series 67
General purpose
AC & DC, 4PDT, 5A

SIGMA has 2000 good, different general-purpose relays— many for 50¢/pole.

If you think of Sigma as a sensitive, close-differential relay
house, you're partly correct. We're also a low-priced, general
purpose relay house — as a substantial number of vending ma-
chine, alarm system, industrial control, copier and communica-
tions equipment manufacturers will attest.

For demanding applications such as computer periph-
erals, you can have one-cubic-inch 4PDT switching, on
AC or DC coil signals, of low-level to 5-amp. loads at
least 100,000 times with the Series 67. Fast wiring,
mounting and interchangeability results from PC or sol-
der terminals, or in sockets with PC or solder terminals.

. Single-, two- or three-pole switching of loads up to 10
amps, for one million operations at 28 VDC or one-
L half million at 115VAC, is provided by the versatile
and quickly-installed Series 68.

For up to 6PDT switching of low-level to 5 amp. (&
loads by voltage adjustment, or 1-amp. loads on sen- !
sitive current adjustment, the Series 62 combines long
life (up to 50 million operations with bifurcated con-
tacts) with moderate cost.

For positive response to coil signals as low as 50 mw, at
a cost of under 75¢/relay in quantity, the Series 65 is
well-suited to TV channel selectors, slide projectors,
vending machines and similar uses involving SPDT
switching of 1-amp. loads.

Up to 3PDT switching of 5- or 10-amp. loads, on AC
or DC voltages, is available in the compact and low-
cost Series 50; wide application in automated equip- 8}

m;:nt, switching small motors, solenoids and other ‘s
relays.

We'll be glad to supply detailed technical data on any of the
general-purpose relays mentioned, with complete price and de-
livery information on standards. Better yet, tell us your re-
quirements (load, life, cost, driving signal, operating speed and
environment) and let us recommend the relay best suited to the
job. We can save you time, disappointment and perhaps some
money as well. Sigma Instruments, Inc., 170 Pearl St., Braintree,
Massachusetts 02185.

- SIGMA

INSTRUMENTS INC
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General Electric AC VOLTAGE STABILIZERS

respond instantly to give you voltage that is constant...

0000000000000000000000000000000000000000000000
Section 413-35

General Electric Company

Schenectady. New York 12305

Please send me free hulletin GEA-7376 on AC Line Voltage
Stabilizers.

NAME
COMPANY
TITLE
ADDRESS
CITY STATE p

Send in this coupon for free bulletin giving complete
details on GE AC Voltage Stabilizer features, ratings and
application data; or see your GE sales representative today.

Output voltage is stabilized in less than 2 cycles for transient line drop of 30%.
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ultra-high
leakage
resistance

Devices with leakage re-
sistance in excess of 10"
ohms are available for
circuits requiring this prop-
erty. Such applications
would include sample and
hold for A to D conversion,
and capacitor memory
systems. See Signalite Ap-
plication News for typical
applications.

voltage
regulators
better than 1%
accuracy

These subminiature volt-
age regulators are used in
regulated power supplies,
as reference sources,
photomultiplier regulators,
oscilloscopes, calibrators,
etc. They are available in
voltages from 82 to 143 V.
They are used in multiples
as regulators in KV ranges.
See Signalite Application
News for typical applica-
tions.

photo-cell
applications

The A074 and A083 have
been designed for use
with Cadmium Sulfide or
Cadmium Selenide photo-
cells. Applications include
photo choppers, modula-
tors, demodulators, low
noise switching devices,
isolated overload protector
circuits, etc. Speed of op-
eration is limited only by
the photo-cells. See Sig-
nalite Application News for
typical applications.

neon timers

The bi-stable characteris-
tics and high leakage re-
sistance of Signalite’s
special glow lamps make
them ideal as a compo-
nent for timing circuits.
The basic circuit resem-
bles a relaxation oscillator
network. See Signalite Ap-
plication News for typical
applications.

B Voltage Regulation
& References

B Photo-Cell Drivers

W SCR Triggering

W Timing

B Photo Choppers

W Oscillators

W Indicator Lights

Counters
Voltage Dividers
Surge Protectors
Logic Circuits
Flip-Flops
Memory
Switching

Digital Readouts

Signalite glow lamps combine long life, close toler-
ance and economy, and are manufactured with a
broad range of characteristics to meet individual
application requirements. For a creative approach to
your design problem . . . contact Signalite’s Applica-
tion Engineering Department.

SIGNALITE APPLICATION NEWS —

Signalite.

is used to communicate new and proven
techniques and applications of Signalite’s neon
lamps and gas discharge tubes. Signalite
Application News provides a forum for an ex-
change of ideas to keep the design engineer
aware of the versatility of neon lamps and
their many applications. Copies are available
from your Signalite representative or contact

INFORMATION RETRIEVAL NUMBER 123

iqnalile E]

A DIVISION OF
GENERAL INSTRUMENT

1933 HECK AVE., NEPTUNE, N.J. 07753

(201) 775-2490
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General Electric REGULATED
maintain DC load voltage preclsely

@

precisely, precisel
precisely, precise

Send in thés coupon for free bulletin giving complete details
on GE Regulated DC Power Supply features, ratings and
application data; or see your GE sales representative today.

* Maintains 1% output voltage for a variation in input voltage of *=15%.

GENERAL @ ELECTRIC
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Section 413-36
General Electric Company
Schenectady, New York 12305

Please send me free bulletin GEA-7353B on
Regulated DC Power Supplies.

NAME
COMPANY
TITLE
ADDRESS
CITY STATE P




TOLEDO SCALE USES VISHAY
LOW TC TRIMMERS to obtain
accuracies down to *0.01% in
their platform weigh

ONLY VISHAY MAKES TRIMMERS WITH ALL THESE SPECS

Toledo Scale load cell circuits operate at low resistance.
To provide high accuracy and long term stability, they
needed a system-adjust trimmer that would combine the
high resolution of cermet with the low TC of wirewounds.
VISHAY'S unique process of bulk metal film set on glass
provided a trimmer which met their requirement with
specs to spare.

Lowest temperature coefficient-10 ppm/°C

ing system.

Lowest resistance values—down 2 chms

Lowest dynamic noise—-10 ENR max.

Lowest setability less than .05%

38

VISHAY trimmers combine precision/stability/ TC/and
resolution to eliminate the need for padding resistors,
decrease test time, and improve product performance.
Request bulletin TR-101 for complete technical details
and typical application circuits.

VISHAY RESISTOR PRODUCTS

A DIVISION OF VISHAY INTERTECHNOLOGY, INC

63 LINCOLN HIGHWAY = MALVERN, PENNA. 19355
TELEPHONE: (215) 644-1300 m TWX: 510-668-8944

PRECISION RESISTORS « NETWORKS * DECADE BOXES e TRIMMERS
INFORMATION RETRIEVAL NUMBER 28

Technology
Abroad

A LOW-COST SYSTEM FOR
HOME TV PROGRAMMING has
been announced by Teldec, an or-
ganization jointly owned by AEG
Telefunken of Germany and Decca
of Britain. Known as Videodisc,
the development makes program
selection much like choosing what
record to play on the living-room
phonograph. An eight-inch TV
record made of 0.10-mm, flexible
polyvinyl chloride is placed on a
specially designed turntable. The
system is attached to a standard
TV set. The turntable revolves at
1500 rpm, using a specially
shaped diamond stylus that drives
a small piezoelectric ceramic ele-
ment. The record grooves are
packed at a density of between
120 and 140 per millimeter, pro-
viding about five minutes of TV
time. Teldec expects the discs to
be on the market in about two
years, with black-and-white pro-
gram costs comparable to those
for ordinary phonograph records
and color program costs about
double that. The TV playback por-
tion will cost around $120.

BRITAIN’S ROYAL AIRCRAFT
ESTABLISHMENT IS EVALU-
ATING A NEW BINOCULAR
HEADS UP DISPLAY developed
by Elliott Flight Automation of
Rochester. Two matching groups
of signals, positioned to form a
single image, are projected from
parallel cathode-ray tubes to a
see-through reflector placed close
to the pilot’s eyes. The system is
compact and features a foldaway
screen. The dual-CRT arrange-
ment offers redundancy in case
of failure.

BRAZIL PLANS TO PUT A
SATELLITE INTO SYNCHRO-
NOUS ORBIT IN 1976. The space
vehicle would be used to relay
radio and TV educational pro-
grams to remote parts of the
country, working in conjunction
with American ATS satellites.

A NEW INFRARED SYSTEM
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THAT SENSES HEAT RADIAT-
ED FROM THE GROUND AND
TRANSFORMS IT INTO A CON-
TINUOUS PICTURE on photo-
graphic film will be developed by
Britain’s Hawker Siddely Dy-
namics Ltd. for the Royal Air
Force. Called Linescan, this night-
vision equipment follows success-
ful development of a Type 201
infrared Linescan for the AN/
USD Airborne Surveillance
Drone, developed by Canadair for
the Canadian, West German and
British forces. The new system is
said to be superior in terms of
price, performance and weight.

A STUDY OF MICROWAVE
TRANSMISSION IN THE 7.5-
TO-5-CM BAND will be perform-
ed by the British Post Office with
a new 6-meter dish radar antenna
at the University of Birmingham.
The $96,000 university antenna
will transmit and receive from 3
ecm to 7 mm for atmospheric
studies. The Post Office is inter-
ested in the communications pos-
sibilities of very-short wave-
lengths—the range in which the
Birmingham antenna works, for
instance, theoretically could hold
around 5000 TV channels or 7
million telephone channels. The
Post Office is building its own
antenna at Marlesham, Essex.

OVER A QUARTER OF A MIL-
LION COMPONENTS AND 14
MILES OF WIRING ARE USED
in a new solid-state electronic
scoreboard now in operation at
Scotland’s $5.5 million Meadow-
bank Sports Center in Edinburgh.
The scoreboard—claimed to be
one of the most advanced of its
type anywhere—has 208 alphanu-
meric display boxes, each 15-3/4
inches high and 11-1/4 inches

wide. Each box contains a 7x5

matrix of individual lights. Con-
trol is by a typewriter-style key-
board, and a memory bank is in-
corporated so that information
can be stored for later use.

ELECTRONIC DESIGN 18, September 1, 1970

Would you believe they’ll do the job
for a fraction of SMA prices?

Until now you‘ve had to buy SMA connectors built to MIL

specification. And pay the price. There just wasn’t any other kind.
Johnson has changed that. With this new series of JCM miniature
RF coaxial connectors. Up to 3 GHz you
performance as with the expensive SM/
build them. That way we don’t have to charg

me electrical
1ly we don‘t over
as much for them.

We make 7 types—for pan el and P(
cable assemblies. All are interchange
with the standard, expensive SMA conne
them without making any uL,nqr

required performance. And JCM co
any size cable, so you don’t have to stock a

It's worth looking into, isn’t it? All it costs is &

E. F. JOHNSON COMPANY / Waseca, Minnesota 56093

Please send technical infc

series 142-0200-001

amples of your new low-cost

NAME
FIRM TITLE
ADDRESS

CITY STATE ZIP

E.F.JOHNS50ON COMPANY
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JEWELL'S

SP\

tle, meters

with minimum panel space. That big plastic barrel has been
eliminated making the Series 80T a little meter on both sides of
the panel.

Don’t let the size fool you! You’ll see the large easy to read
scale on an uncluttered dial. Behind the dial, Jewell’s
efficient taut-band mechanism is completely frictionless and
self-shielded. Since Series 80 meters cost no more than

conventional meters you don’t have to pay a lot to get a little.

actual size

4 6
f 2 8 i
1
(] \\\\\\\\\\ 'I”/////, 1

\ //
| \EC\MILLIAMPERES

Want more facts about the “Space saving little meters”?

Write for our new catalog . . . or get in touch with your nearest

l' B “' H I I Jewell representative, distributor, or modification center.

JEWELL ELECTRICAL INSTRUMENTS, INC. e GRENIER FIELD e MANCHESTER, N.H. 03105 e PHONE 603/669-6400
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A new communication system for TV envisioned

A report prepared at the request of the three major television net-
works concludes that ABC, CBS and NBC could save $15-million to $20-
million a year by putting up their own satellite system or microwave
system. Page Communications Engineers, a Washington-based subsidiary
of the Northrop Corp., in a $100,000 study, concludes that the three net-
works now pay AT&T about $70-million a year in interconnection
fees. Page estimates the AT&T facilities could be replaced by a micro-
wave system at an initial cost of $160-million to $215-million—or by a
satellite system costing $145-million to $160-million initially but with
higher annual maintenance costs. The annual cost of operating either
system, Page says, would run about $50-million to $55-million.

The satellite system envisioned would include three satellites in fixed
orbit, each with a capacity of 12 color channels plus radio and other
communications facilities. Approximately 160 ground stations, costing
$600,000 to $800,000 each, would be required. The alternative microwave
system would have about 18,000 “system miles” and would require 600
microwave towers.

Page, since 1962, has been the prime contractor for the communications
network in Vietnam but in recent months has been moving toward civilian
communications areas. It specializes in building systems such as it rec-
ommended to the television networks.

Defense contractors endorse fly-before-buy policy

The National Security Industrial Association, a group of more than
400 defense contractors, has endorsed the announced Defense Dept.
switch back to a fly-before-buy procurement policy and has recommended
additional changes in the procurement practices. In a 103-page report,
the association recommended, among other things, more consultation
between the military and industry when a weapons systems is in the
concept stage, a reduction in Defense Dept. “management” personnel and
a corresponding reduction in industry of like personnel. The report also
asked that Government managers of weapons programs be given greater
authority and a clearer definition from Congress of the information the
lawmakers need on weapons systems.

Off-the-shelf avionics slated for new attack aircraft

Six major aerospace concerns have submitted bids for development of
the Air Force’s new A-X close-support aircraft, intended to be the serv-
ice’s low-cost, but highly effective, daylight attack aircraft from the
mid-1970s until the end of the 1980s. Major cost-cutting decisions of the
program called for the elimination of all-weather and night-vision capa-
bility, the use of a fixed noncomputing gunsight and the use of only
off-the-shelf avionics and communications systems. The Air Force esti-

ELEcTRONIC DESIGN 18, September 1, 1970 41



Washington Report.o..:

mates R&D costs for the airplane at $194-million. A production run of
600 aircraft is expected to cost slightly more than $1.12-billion. Two of
the competing bidders will be chosen around Nov. 1 to develop and test
aircraft for a fly-before-buy evaluation. Bidders are The Boeing Co.’s
Vertol Div., General Dynamics Corp.’s Convair Div., Lockheed Aircraft
Corp., Cessna Aircraft, Fairchild Hiller Corp.’s Republic Div. and the
Northrop Corp.

Japan seeking U.S. rockets for satellite launching

Japanese Government officials are talking with NASA and the U. S.
State Department about the purchase of Titan III rockets to launch
broadcast satellites. The Japanese plan to use the satellites for a direct
exchange of programs between countries in East Asia and Oceania. One
of the proposed satellites reportedly would relay television signals to 11
countries simultaneously. Japan plans to submit her proposals for the
system at a meeting of the Asia Broadcasting Union, to be held later
this month in Istanbul.

Hughes wins major Navy radar contract

The Hughes Aireraft Co., of Fullerton, Calif., will conduct the engi-
neering development phase of the target acquisition system for the Navy’s
improved point defense surface missile system. This radar is also in-
tended for universal use aboard Navy surface ships in the next decade
and will be compatible with all types of air defense weapons. The devel-
opment work will be performed under a $24.3-million, fixed-price,
incentive-fee contract.

Capital Capsules: Competitive flight tests of the Hughes and Westinghouse radar

systems for the F-15 fighter are expected to be finished this month and
a contractor selected for the development by Nov. 1. McDonnell Douglas,
the prime contractor, has been conducting the tests in two RB-66 air-
craft. ... Before the end of the year communications common carriers
with more than 16 employees must file with the Federal Communications
Commission a statement specifying hiring practices to be followed, to
prevent discrimination because of sex, race, color, religion or nationality.
Forms must be filed annually under the new FCC ruling. ... Watch for
an announcement that Great Britain and Belgium will undertake a joint
project to develop a low-cost anti-tank weapon in which laser reflections
from the target will be used to guide the warhead. The system is ex-
pected to be adaptable to artillery as well as missiles. ... The president’s
Advisory Council of Executive Organization has recommended that the
Interstate Commerce Commission, Civil Aeronautics Board and Federal
Maritime Commission be unified in one new agency. The council also
expressed concern over the ability of regulatory agencies to represent
the public interest adquately.
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TEMPERATURE
~68 7O +160°C

: LY ! :

introducing the Integ rated
Test
System

Measures: * Frequency °* Time * Resistance
* Temperature * Voltage * Current

With the introduction of two new digital plug-ins, a 500-MHz
Direct Counter (no prescaling) and a versatile Digital Multi-
meter, it is even more apparent that the Tektronix 7000 Series
was intended to be more than just another oscilloscope . . . ITS
much more!

NN There are already 5 mainframes and 17 plug-ins in the 7000

K4 Series . . . with more to come.
TEKTRDNIX® Consult your August Catalog Supplement for complete infor-
- commitied 10/ Progress mation. If you do not have a Supplement, check the inquiry

in waveform measurement card, we will send you one promptly.
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here’s the way it looks.

g

//
\

\

Switches under glass.

The heart of every AE correed is a reed switch
consisting of two overlapping blades. For protec-
tion, we seal them inside a glass capsule. But only
after we pull out all the dirty air and pump in a
special, pure atmosphere. That way there’s no
chance of contact contamination or oxidation. Ever.

Notice our terminals are one piece. A special
machine delicately forms them to precision toler-
ances. It’s a lot of work, but one-piece
terminals have dis-
tinct advantages over
the two- and three-
piece kind.

For one thing, there’s
no extra joint so you’re
always assured of a positive
contact. Also, one piece :
terminals are more reliable when the correed is
used to switch low-level analog signals. That’s be-
cause thermal EMF is reduced to practically zero.

A different kind of bobbin.

Since we go through so much trouble with our
correed capsules, we designed a special bobbin to
protect them. .

It’s molded of glass-filled nylon. (You know
how plastic chips and cracks.) Moisture and hu-
midity have no effect on this stubborn material.
No effect means no malfunctions for you to worry
about. No current leakage, either.

Running the full length of the bobbin are a
series of slots. They pamper the capsules and keep
them from getting damaged or jarred.

And to help you remember which
terminal is which, we mold the terminal
numbers into the end of the bobbin. You can
read them at a glance.

Little things mean a lot.

Reliability means that we pay attention to the
little things. Like the tiny pressure rods we use
in every miniature correed. They’re placed at

each end of the bobbin, across the one-piece ter-
minals. What they do is prevent stresses from
being transmitted from the terminals to the reed
blades. This keeps the contact gap right on the
button. All the time. :

The contacts are normally open. To provide
them normally closed, we employ another little
device—a tiny magnet. It’s permanently tucked
into a slot next to the reedcapsule. The magnetic
action keeps the contacts normally closed.

Coiled by computer.

Once all the parts are secure in the bobbin, we
cover them with protective insulation. Around
this, we wind the coil. You can be sure the coil
winding is correct. It was all figured out for
us by computer.

Our next step is to protect the coil.
We do that with more protective

insulation.

A coat of iron.

On top of the insulation goes a layer
of annealed iron. It acts as a magnetic shield and
minimizes interaction between coils. Also, it im-
proves the sensitivity of the entire unit. A coat
of iron is standard on all AE correeds.

Finally comes super wrap. i

To wrap it all up, we use some very special stuff.
A layer of mylar laminated material.
It’s so tough we guaran-
tee it to withstand all
cleaning solvents
known to man.

It’s attention to detail that helps us keep our
miniature relays miniature. Now we’re just wait-
ing to show you how perfectly it measures up to
your specifications. Automatic Electric Company,
Northlake, Illinois 60164.

AUTOMATIC ELECTRIC

sussipiary oF GENERAL TELEPHONE & ELECTRONICS
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SIDELIGHTS

The world of electronics is shrinking

‘“Japan will be the strongest
threat to the U. S. electronics
industry in the next few years,”
says Graham Miller, left, project
engineer for Teradyne, Boston.
On a recent trip to Boston and
Washington, Managing Editor Ray-
mond Speer found company man-
agers very much aware that fast,
economical transportation and
communications are bringing for-
eign markets ever closer. Market-
ing managers are keenly eying
Japanese competition and sales
opportunities in Europe.

Progress can be an editor’s headache

The electronics field is moving ahead fast—almost
too fast, according to Mike Riezenman, technical edi-
tor, who handled the op-amp article featured on the
cover of this issue. Three times the article was complete
—and three times author Bob Demrow called to tell him

Problem: You need to sharpen
a high amplitude pulse to
picosecond speeds.

Solution: The Siliconix PSD. of changes in the state of the art that had recently

Here’s a typical application, taken place. Lower prices, improved specs and increased

a pulse sharpener: versatility kept Mike revising and re-revising—right up
to deadline date.

LEADING EDGE e “Our final product,” says Mike, “is as up-to-date as

% we could make it. The picture will change, again and

H again, because of the rapid growth of advances in the

op-amp field. But in spite of price and performance data
%«LL' revisions the relative differences between op-amp types
will remain reasonably stable, and this article should
prove to be a reliable selection guide for some time. It’s
not easy,” Mike added, “to keep up with the electronics
field, but it’s a challenge.”
The article begins on p. 54.

! PSD

ll}—-Hr—

Oops, sorry! Our memory slipped
E|ec“|0mc nesign 15 We forgot to credit the manufac-

turer of the semiconductor memo-
ry (shown with superimposed
cores) on the July 19, 1970, cov-
er of Electronic Design. It's a
1024-bit MOS random-access
memory made by Advanced
Memory Systems, Sunnyvale,
Calif,. and its dimensions are 120
by 150 mils. The cores superim-
posed on it are 18 mils in diam-

Use the PSD for pulse squaring,
delaying, area limiting and
other applications, too.

Write for instant data and
applications information.

eter, which is the standard size
5 ihiconix for high-speed production cores
incorporated today.

2201 Laurelwood Rd. * Santa Clara, Calif. 95054
(408) 246-8000 Ext. 201 « TWX: 910-338-0227

In Europe: Siliconix Limited, Saunders Way, Sketty, Swansea. Great Britain
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How the Wizard of Barnes
helped the ugly bug.

NCE UPON A TIME

there was a
homely little electronic
bug. He was so ugly
that he hid himself
under a large hat so that
just his long skinny legs

carriers to protect the electronic
bug on his trips around the
country, and a series of magic
sockets and contactors for pro-
tection during burn-in and testing.
“Marvelous;’ exclaimed the ugly
stuck out at the bottom. bug, “but what about on the job pro-
People laughed and called tection?” “No problem, bug;” replied
him T.O. (meaning Terribly \S the Wizard, again waving his magic
Objectionable). With wand. There appeared before the
complete disregard for his feel- bug, a series of magic sockets.
ings, they brutally stuffed “Now bug, the socket can be
him into P/C boards and dip soldered to a P/C
other electronic things. board or mounted
Sometimes his legs got in the equipment
so bent and twisted he and you can do
couldn’t function at your electronic
all. “Because I'm so thing in complete
ugly, people really safety)” “Gee, Mr.
push me around)’ Wizard, you're the
whimpered the greatest)’ cried the
bug. ‘While I ugly little bug, “what
don’t 1 can I ever do to repay
do U0 you for the kindness?”

plastic “Just tell all the folks
surgery, __ out there in electronics
said the @ Oland about me bug, and
kindly old : everything will be
Wizard, “I can really beautiful?”’

protect your fragile little
frame from damage’
Waving his magic wand,
the Wizard produced a
row of little plastic

barnes
' CORPORATION

LANSDOWNE, PA. 19050 m (215) MA 2-1525
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Dynamic variety in detent terminals. It’s For more information on

subminiature switches. Our temperature resistant these dynamic subminiatures,
SM and 1SX switches. and meets Military contact your MICRO SWITCH
Take our SM series with a Specification 8805. Branch Office, Authorized

complete variety of integral or  And if our SM won’t fit your Distributor or write for

auxiliary actuators, bifurcated needs, try our tiny 1SX. It’s Catalog 50.

gold contacts for improved the smallest of the snap-action

reliability and quick-connect switches, and has low M IFgEBORoTleowSG!OIQCH
differential —.001 inch max. :
And it has all the features R e N OE HONR WELL
of the SM.

HONEYWELL INTERNATIONAL: Sales and service offices in all principal cities of the world.
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Our new line of amplifiers and oscillators are as
small as, or smaller than the competition's. But they're
a big thing to us because this is the first time we've
ever offered them to you, After years of making them
for our own use, we decided to make them generally
available. And we've formed a new Microwave Prod-
ucts Division just to handle them.

What does this mean to you? It means that you can
now buy sub-assemblies from the people who are
famous for high quality transistors and diodes. And it
means that you're assured of the same high quality,
because KMC transistors and diodes are used
throughout.

For example. Our RF, IF and wide band amplifiers
are ultra-low-noise and cover a frequency range from
2 to 1200 MHz. And our oscillators cover a frequency
range from 100 MHz to 18 GHz,

The selection, as you can see, is quite complete,
and KMC will further assemble these components
into sub-systems (such as receiver front ends).

Of course, there are some of you who'd rather buy
our transistors and diodes for in-house assembly.
Fine. We have Applications Notes that tell you, in
detail, how to fabricate these components.

If you'd like more information — on either the sub-
assemblies or the Application Notes — write:

SEWCONDUCT G

e

CORpoRATION

KMC Semiconductor Corporation
a subsidiary of Harvard Industries, Inc.

Parker Rd.,Long Valley, N.J. 07853.
Telephone number, (201) 876- 3811.

UNTILNOW,

WE’VE NEVER MADE
A BIG THING

OuT OF

KMC TRANSISTORS
AND DIODES.

INTRODUCING
SOME BIG THINGS.
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WE WANT OUR NAME ON THE TIP OF YOUR TONGUE!

Scotchpar 3M

BRAND POLYESTER FiLM

INFORMATION RETRIEVAL NUMBER 36
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ASM INVITES COMPARATIVE EVALUATION
coMmPARE ASM PRICES, DELIVERY, EXCELLENCE

(DESIGNED TO MEET MIL-S-3786)

THE ASM CORPORATION Post Office Box 860 Smithfield, North Carolina 27577
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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 108. They measure ratio and they totalize.

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

you can measure 10 to 90% rise times, half options, the 5326’s fit easily into systems =
power points and other voltage-dependent  applications. Counter and DVM are DTL HEWLETT PACKARD
time intervals. That means unprecedented ~ programmable through a common

simplicity, for example, in propagation connector. ELECTRONIC COUNTERS
02003

&=
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Which 5-digit multimeter
is your best buy?

The new
S-D 7005

offers five-
digit resolution A
performance in actual laboratory use.
Price: $1,295.
Prove it to yourself. Ask these questions in evaluating any competitive
DVM:
1,000 V full scale? it
Can all optional functions be added by means of individual cards a&“ £
and digital outputs ?)
Is the input impedance greater than 10,000 megohms on 1 V and
Is full scale response time less than 400 millisecs?
Does the unit use dual slope integration for max noise immunity at
all measurement circuitry?
Does it have an annunciator to remind you what measurement you're
crete component logic?
The S-D 7005 offers all these features and more for just $1,295. Re-
vices office or contact: Concord Instruments Division, 888 Galindo St.,
Concord, California 94520. Phone: (415) 682-6161. TWX: 910-481-9478.
Another S-D instrument first! Electronic counters/Digital voltmeters/Pulse generators/Data generators/
Time code generators/Sweep generators/Spectrum analyzers/Digital panel meters/Digital clocks/Signal generators/

and accuracy. Designed for top
D just introd dit
-D just introduced 1it.
Does the basic DVM include four dc ranges from 1 V full scale tof#

any time? (Auto-ranging, AC volts, DC millivolts, ohms, DC curren
10 V ranges? Is feedback noise at the input terminals less than 1 mV?
line frequencies? Are plug-in cards used for easy maintainability of
making? Are its digital outputs compatible with both IC logic and dis-
quest technical data or a demonstration from your local Scientific De-
SYSTRON €&=5[> > DONNER

Oscillators / Laboratory magnets / Precision power supplies / Analog & analog-hybrid computers / Data acquisition systems.

INFORMATION RETRIEVAL NUMBER 39



Publisher
Hugh R. Roome

Editors

New York Office

850 Third Ave.

New York, N.Y., 10022
(212) 751-5530

Editor: Frank Egan

Managing Editor: Ralph Dobriner
Managing Editor: Raymond D. Speer
Microelectronics, Steven A. Erenburg
Computers, Milton J. Lowenstein
Microwaves, Michael J. Riezenman
Management, Richard L. Turmail
News, John N. Kessler
Military-Aerospace, John F. Mason
New Products, Roger Allan

New Products, Lucinda Mattera
Copy, Marion Allen

Field Offices

Massachusetts

Jim McDermott

P.O. Box 272
Easthampton, Mass. 01027
(413) 527-3632

San Francisco

Elizabeth de Atley

2051 Wellesley St. (Suite D)
Palo Alto, Calif. 94306
(415) 321-7348

Los Angeles

David Kaye

2930 Imperial Highway
Inglewood, Calif. 90303
(213) 757-0183

Washington

Don Byrne

1425 N St. NW
Washington, D.C. 20005
(202) 667-6568

Editorial Production

Dollie S. Viebig
Richard D. Grissom
Art

Art Director, Clifford M. Gardiner
Assistant, William Kelly

Rita Jendrzejewski

JoJo Miskimmon

Jack Weissman

Production

Manager, Thomas V. Sedlita
Helen De Polo

Kathleen McConkey

Leslie Stein

Circulation

Manager, Nancy L. Merritt

Information Retrieval
Peggy Long

ELECTRONIC DESIGN 18, September 1, 1970

EDITORIAL
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) Take time out to quiz
engineers in Congress

= What could the U. S. Government do to help stabilize employ-
ment in the electronics industry?

= Does the present Administration have a feeling for technology
and where it’s taking us?

® Which government-sponsored engineering projects are under
the most attack in Congress, and why?

These are just a few of the questions that are going through the
minds of today’s aware engineer. Answers to many of them can
be obtained by writing to one’s Congressman.

Or you can write to ELECTRONIC DESIGN, instead.

We'll select the questions asked most often and send them to the
seven engineer-Congressmen we interviewed recently (see “Seven
Engineers Help Design Our Laws,” ED 14, July 5, 1970, p. 60.)
Worthwhile exchanges between you and the Congressmen will ap-
pear in a future Management article.

We think that communication between our readers and Con-
gress is important. Our Government works only as long as we
allow it to. If we’re too busy to stay informed and get involved, we
deserve to lose the right to govern ourselves.

Most of the legislators we talked to when we wrote the article
said that they rarely hear from the engineers in their constitu-
encies. Sen. Symington of Missouri, for instance, says that he
hears from engineers only when the most publicized projects, like
the Safeguard antiballistic missile system, are being discussed.
Sen. Mansfield says that engineers have a responsibility to write
their representative to let him know whether an engineering proj-
ect before Congress is good or bad. Engineers’ should share their
expertise, other Congressmen say, by speaking with authority, at
local hearings on technical issues.

So get involved and write to us at:

Hayden Publishing Co.
ELECTRONIC DESIGN
850 Third Ave.
New York, N. Y. 10022
Take time out to talk it over with the engineer/Congressmen.
RICHARD L. TURMAIL
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COVER FEATURE

Pick the right op amp to make your
precision dc measurement. Many factors can complicate
the decision when truly high performance is desired.

Part one of a two-part article

To measure a de voltage to within 0.1% when
it’s across a fairly low impedance is no great
feat. The cheapest reasonable monolithic IC op-
erational amplifier can do the job. But when
an accuracy of 0.001% is needed and the source
impedance is on the order of hundreds of Kkil-
ohms, some very interesting and subtle problems
can arise. If the optimum choice of op amp and
op-amp circuit is not made, the required per-
formance may be impossible to obtain.

An analogous situation comes up in selecting
an op amp to make highly accurate current meas-
urements on fairly low-impedance sources. In
both cases the biggest problem is temperature
drift, although supply-voltage variations and
component aging also play roles.

In addition to drift, there are initial imbal-
ances in the various op-amp components that
lead to a substantial zero offset. Most discrete-
component op amps have provision for adjusting
this initial offset to zero; monolithic IC units
tend to be not so easily adjustable.

To make the optimum choice of an amplifier
for a given precision measurement, the drift
characteristics of the various types of op amps
should be considered, along with the nature of
the source. Only when both factors are taken into
account can a wise decision be made.

For example, the low voltage drift of a chop-
per-stabilized operational amplifier makes it the
preferred choice for extremely accurate voltage
measurements across low impedances.

However, when the voltage source has an im-

Written by: Robert I. Demrow, Manager of Applications
Engineering, Analog Devices, Inc., 221 Fifth Street, Cam-
bridge, Mass. 02142.

Edited by: Michael J. Riezenman, Technical Editor
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pedance on the order of hundreds of megohms
(or higher) the varactor-bridge type of op amp
is better. The extremely low current drift of the
