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It's a GRrrrand Counter

| e ‘; : Aye, that's what you'll think of our new counter. From its wee size

to its big performance, the 1192 is new in every respect.

® |t's only 8% inches wide by 3% inches high.

® |t measures frequency (from dc to 32 MHz), period (single and
multiple), time interval, frequency ratio, and, of course, it counts.

® Units of measurement and decimal point are automatically dis-
played.

® |nput sensitivity is another surprise, a wee 10 mV is all you need
(up to 25 MHz); and you can control trigger threshold and
attenuation.

® An internal crystal oscillator gives more than enough stability for
most work.

You can select an 1192 with 5, 6, or 7 digits, with or without BCD
output, and for bench or rack use. And if 32 MHz is not enough
frequency range for you, add our new 1157-B scaler (same size)
to the 1192 and zoom up to 500 MHz. The counter/scaler combina-
tion, the 1192-Z, has a common cabinet. There’s more, lots more,
to tell about the 1192; we’ll gladly send you a free data sheet upon
request.

But the grandest part of all about the 1192 is the money you'll save
when you buy one. Prices® range from $575 for the 5-digit bench
model without data output to $845 for a 7-digit rack model with
data output. You can add the scaler for another $850. Imagine, a
500-MHz counter for as little as $1425. Man, that’s a real bargain.
You can save quite a few more dollars by ordering two or more units
and taking advantage of GR’s quantity-discount plan. Discounts
range from 3% for 2-4 units to 20% for 100 units.

For free literature (postpaid) or a demonstration at our expense,
write or call General Radio Company, West Concord, Massachusetts
01781; telephone 617 369-4400. In Europe (except Scotland), write
Postfach 124, CH 8034 Zurich 34, Switzerland. In Scotland, write
General Radio Company (U.K.) Limited, Bourne End, Bucking-
hamshire, England, for special attention.

*Prices apply only in the U. S. A.

AL RADIO]

PERIODS
GATE OR RATIOS
TIME AVERAGED

100us — 1
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With our new stripline microwave tran-
sistors in your microwave circuits, you
can be sure the show will go on. And on.

Each transistor's superior perform-
ance is uniformly predictable. Because
each transistor is S-parameter character-
ized and guaranteed at microwave fre-
quencies.

And there are several star performers
to make life easier for you. Such as the
HP 35803B, common base configura-
tion, with 40 mW output as a 4 GHz
oscillator (typical fn..=6 GHz). Or the

04905

~— Circle 900 on reader service card

Stripline Star

HP 35806E, common emitter configura-
tion, with 20 mW output and 10 dB gain
as a 2 GHz linear amplifier (typical fua
=7 GHz). The HP 35805B can deliver
200 mW output as a 2 GHz oscillator.
And the HP 35805E has 175 mW output
and 7 dB gain as a 1 GHz linear amplifier.

There are more hermetically-sealed
stripline stars in our line-up too. All are
ideally suited for your most stringent
oscillator and amplifier requirements.
All of them turn in great performances.

To get this all-star cast for your high-

frequency circuits, call your HP field en-
gineer. Or write to Hewlett-Packard, Palo
Alto, California 94304; Europe: 1217
Meyrin-Geneva, Switzerland.

HEWLETT Eﬁ PACKARD

SOLID STATE DEVICES

Circle 1 on reader service card 1



Two in one

Circle 2 on reader service card

Hewlett-Packard now offers you a new extra advantage in
X-Y recording — the 17176A Dual-Trace unit—a new ac-
cessory for the world’s first truly “plug-in” recorder, the
7004A. It lets you plot, with a standard recorder, two vari-
ables against a third — without the expense of a two-pen
system.

Teamed up with the 7004A and the 17012B Point Plotter,
the new 17176A gives you two y-traces by alternately scan-
ning between two y-input channels. Plotting rate is continu-
ously variable between 10 points per second and 6 points
per minute, depending on the resolution you need. Points
are divided equally between the two traces. A built-in atten-
uator modifies the additional channel.

Price, too, is part of the new plug-in’s uniqueness: $300.
The 7004 X-Y Recorder costs $1395. The 17012B Point
Plotter, $95. Additional plug-ins for either x or y channels
start at $25.

To find out how you can get double your money’s worth
in an X-Y recorder, call your local HP field engineer. Or
write Hewlett-Packard, Palo Alto, California 94304; Europe:
1217 Meyrin-Geneva, Switzerland.

HEWLETT (hp; PACKARD

GRAPHIC RECORDERS
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Readers Comment

Clouding the picture

To the Editor:

Your newsletter concerning the
performance of the Dants night-
vision system [May 12, p. 75] is
badly misleading. Unfortunately, it
has stimulated a fairly large
amount of work at considerable
cost by systems manufacturers in-
terested in the military market. Va-
rious companies have requested
their technical staffs to reopen
their thinking to confirm or deny
the inference of your newsletter.

In general, one would never ex-
pect a tube with the characteris-
tics of a lead-oxide vidicon or
Oxicon to be compatible with high-
quality, low-light-level perform-
ance because of the high target ca-
pacitance.

Lucien M. Biberman
Institute for Defense Analysis
Arlington, Va.

* In a forthcoming issue of
Electronics, Mr. Biberman will ex-
pand on some of the arguments
concerning the application of vari-
ous tv tubes in a signed article.

Credit where it's due

To the Editor:

You did a “spin-out” when it
came to crediting the manufac-
turer of the multihead disk re-
corder used to read out the color
signals in parallel format for the
Apollo 10 mission [July 7, p. 114].
It was a standard recorder made
by Data Disc Inc. that was used
at NASA’s Manned Spacecraft Cen-
ter at Houston.

R.R. Troxell
Data Disc Inc.
Palo Alto, Czlif.

‘Black-box’ tariff

To the Editor:

Regarding the “black-box” tariff
[April 14, p. 69], perhaps your
readers aren’t aware that Magna-
vox, too, is involved in this market.
Magnavox developed such a de-
vice in 1965 and licensed Xerox to
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If you could eliminate the semi-
conductors from a computer, and
still get the same performance,
could you see some dollars saved?
Could you see higher reliability ?

That's the approach we have
taken with our input keyboard. We
made it self encoding without
electronics. We eliminated built-in
solid-state circuits. We kept it
simple.

And we saved you money. The
Synergistics Self Encoding Keyboard
is only $68 in quantity orders.

Electronics | August 4, 1969

That's with a 65-key layout. With
fewer keys it's less, with more it's
more. But the point is you can
specify your own layout, from
12-key Touch Tone to over 100
keys — even mix keyboard sizes

and shapes - without extra charge.

Change keys yourself, too.

Most important, the Synergis-
tics keyboard is here now, manu-
factured in quantity. Or, if you
would like to check out everything
we claim, order one for evaluation.
And if you want to call us, ask for
George Rice.

Synergistics, Inc.

10 Tech Circle, E. Natick, Mass. 01760 (617) 655-1340

if you have more
rains than money...

Yes, | am interested in the Synergistics
Self Encoding keyboard. Please send me:

[ ] Additional technical information.

[ ] Instructions for ordering one key-
board for evaluation, made to my
layout specifications. Prices to be
included.

Name

T e L A e R N T AT IO i |

Company

Address

Circle 5 on reader service card




When You Choose An AC Meter
Best Isn’t Always Most Expensive

So you're going to buy an AC meter.
You want the best meterforyour job—
at the best price. Right? You have a
problem! Let's talk about it.

We have AC meters, lots of AC
meters. We have AC meters that sell
for more than $4500—and for their
job, they can’t be beat.

But how about the engineer who
doesn’t have a big production prob-
lem or need 5-digit resolution? How
about the engineer who is making
only two or three measurements a
day...or week? We have a series of
meters for him, too.

A series that has built a solid rep-
utation for accurate performance
and reliability—most of you have
used them in the past: About three
years ago, Hewlett-Packard updated
with three redesigned, solid-state
instruments—the 400 E/EL for broad
frequency, 10 Hz and 10 MHz; the
400 F/FL for high sensitivity, 100 uV
to 1000 V; and the 400 GL for broad
dB range, —100 to +60 dB, 100 nV to
1000 V sensitivity.

These instruments are packed with
convenience features. Two of these
meters have a built-in 100 kHz low-
pass filter to take out unwanted high
frequencies for low-level audio mea-

: ¥ i i

6 Circle 6 on reader service card

- L3
surements. You get fast response—a
reading in less than 2 seconds after
turn-on, and <2seconds overload re-
covery. These instruments havean in-
ternal wideband ac amplifier, with an
80 dBgain—soweputanoutputonthe
back. With all these you can have the
log scale uppermost for greater
resolution in dB measurements.
Each HP-made taut-band suspen-
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sion friction-free meter movement is
individually calibrated to its scale

‘for accurate readings over the entire

range. Elimination of friction gives
these meters excellent repeatability.
These, and more, are the features
that assure reliable, day-in, day-out
performance that getsthe jobdoneon
time. If your problem is in sonar,
acoustics, audio response,communi-
cations, calibration, ac to dc conver-
sion and amplification—or any other
application where precision ac volt-
age measurements are a must—then
consider the HP 400 series carefully.
They will fit your measurement re-
quirements, leave your wallet fatter,
and make your job easier and faster.
Check your HP catalog, starting on
page 201, and choose the meter that
best meets your measurement needs.
Order today by calling the nearest HP
order desk. For data sheets, write to
Hewlett-Packard, Palo Alto, California
94304. Europe: 1217 Meyrin-Geneva,
Switzerland. Price: $275 to $390.

099/18

HEWLETT ihﬂ,— PACKARD

ANALOG VOLTMETERS
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Readers Comment

market the unit. Xerox is now mar-
keting its own unit and paying
royalties to Magnavox.

Both companies are competing
directly, but with compatible
equipment—an influencing factor
on the future facsimile market.

James R. O’Malley
Magnavox Systems Inc.
New York

Aeronautical, not aviation

To the Editor:

In mentioning the Ryan Aero-
nautical Co.’s landing radar on the
Apollo 11 lunar module [July 7,
p. 62], you inadvertently called the
company Ryan Aviation. Moreover,
the system isn’t new. It was first
tested in space on Apollo 9 and
was used on Apollo 10 to measure
the low point of the pass over the
moon and to test lunar radar re-
flectivity.

Robert P. Battenfield
Ryan Aeronautical Co.
San Diego, Calif.

Out of the picture

To the Editor:

While it is true that the Tele-
PrompTer Corp. was engaged in
developing a subscription-tv sys-
tem a number of years ago, the
company no longer is actively en-
gaged in this project and no longer
can be counted among the would-
be pay-tv entrepreneurs you cited

[ SUBSCRIPTION SERVICE L

in your article [May 26, p. 123].
TelePrompTer presently is con-
centrating on cable-tv systems.
John R. Barrington
TelePrompTer Corp.
New York

Aesthetics, continued

To the Editor:

Regarding the use of standards,
your reply to Mr. Soanes letter
[July 7, p. 7] rather amazed me.
While the use of standards is not
mandatory, except in military doc-
uments, it is difficult to follow your
reasoning as to ‘“communicating
better without them.” Surely the
IEEE and the EIA have the same
problems of aesthetics and com-
munication, yet they follow the
standards in all their documents.

The important thing to remem-
ber is that the electrical and elec-
tronics industries spend large sums
and many man hours to establish
national and international stand-
ards. It is therefore discouraging
to find a leading magazine unwill-
ing to cooperate in promoting the
standards.

Julian Loebenstein
General Instrument Corp.
Newark, N.]J.

= Mr. Loebenstein, like Mr.
Soanes, is a member of the IEEE
standards coordinating committee
for letter and graphic symbols
(sccll), and is chairman of the
committee for definitions and type
designations (JS-7).

SUBSCRIPTION SERVICE

| Please include an Electronics Magazine address
I lapel to insure prompt service whenever you
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POUER

FEATURES

* PLUG-IN CARD DESIGN
°* LOW-LOW COST

* CHOICE OF POWER OUTPUT
* TWIN OUTPUTS

* SHORT CIRCUIT PROOF

* “HANG-UP” PROOF

* DELIVERY: FROM STOCK

The 2Q — PC Series initiates the
new generation of dual output
power supplies. This is a low-cost,
high-quality series which is pri-
marily designed for use with op-
erational amplifiers. However, the
series may be used for any appli-
cation requiring balanced supply
voltages. The units are designed
for =15 volt D.C. output, but
other voltage levels are available.
The series is designed to mount in
a standard 51, ” basket.

+15VDC@100MA +ISVI][I@ZS[]MI\

3 I DUANTITY
OF 10

WRITE FOR BULLETIN 769
FOR DATA ON THE

QUANTITY
OF 10

2Q - PC SERIES

N

ELASCO-EASTERN, INC.

5 NORTHWOOD ROAD, BLOOMFIELD, CONN. 06002
TELEPHONE: (203) 242-0708
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Who's Who in this issue
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Joining forces on short notice, Eric Aiken, assistant managing
editor, and David Strassler, market research manager, put
together the report on the midyear state of the mart that be-

Aiken Strassler

McCormick

gins on page 118. Strassler, who assembled the vital statis-
A change of scene from the Hoosier State tical data, has been with McGraw-Hill four years; he holds an
to California appears to have agreed with M.A. from Brooklyn College. Aiken wrote the piece on the
, Richard McCormick, whose article on Tel- basis of detailed memos from department editors and field
onic’s three-color scope appears on page correspondents. A 10-year veteran of the business journalism
- 84. Holder of a master’s degree from Pur- field, he’s worked at Douglas on the Thor, Nike Hercules, and
due, McCormick joined the firm’s Indian- Sparrow missile programs. Aiken also served as a radio/radar
apolis labs in 1965, later transferring to the operator on DC-7 test flights. Inside cover photo was done by
Laguna Beach facility. Bill Farrell.

SRR

y-_ 1

McLin Knauer Segarra Perkins

The two-man team of Paul Knauer and Gene McLin pro- Another twosome, Edwin Segarra and John F.
duced the article on Magnavox’s automatic-tint control cir- Perkins, did the honors on the story about
cuit for color television sets that starts on page 102. Knauer, Raytheon’s new analog control computer
chief engineer for color tv at the company, is a Purdue (page 96). Currently manager of the radar
graduate and a Navy veteran, McLin training development systems department at the company’s Missile
manager for the service training department at Magnavox, Systems division, Segarra is a CCNY graduate.
is a graduate of the University of Evansville (Indiana) and Perkins heads the systems electronics group
has a varied background as a broadcast engineer. in Segarra’s department.
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EAGLE

...where the
state of the art

Is the standard
of the industry

Versatile Delay Timers with Solid-State Reliability

CG 10 Series ON-DELAY Timer

These time-delay modules are
fully transistorized for maximum
reliability. Available in four dial
ranges to provide delays of 2, 10,
30, and 60 seconds for controlling
such equipment as motors, ma-
chine tools, elevators, X-ray ma-
chines, packaging equipment and
molding presses. Circuitry incor- -
porates such state-of-the-art
components, in its class, as tan-
talum timing capacitor, unijunc-
tion transistor, SCR and 10-amp
output relay. Built-in transient
suppression for protection against
premature load contact actuation
and in the event line voltage is re-
moved before time out. Remote

setting available as a kit.
Send for Bulletin 158

“See Our New State of the Art Products—
Booth 5207-5208, WESCON SHOW”

Electronics | August 4, 1969

CG 300 OFF-DELAY Timer

A sustained contact, solid-state
timer designed to replace many
electromechanical and pneumatic
units. Timing is accomplished by
an RC circuit in conjunction with
a 4-layer diode actuating a tran-
sistor. Design and all components
are state-of-the-art for its class.
Power application closes two
sets of contacts. Removal of
power initiates the timing cycle.
If power is re-applied during the
preset delay, contacts remain
energized until delay cycle is
completed. Time ranges are avail-
able in 1-10, 3-30, and 6-60 sec-
onds. The unit provides a choice
of both integral and remote time
adjustments.

Send for Bulletin 159

NEW CE 400 PRECISION Delay Timer

Provides a highly precise and ad-
justable time delay between ac-
tuation of a control circuit and
operation of a load circuit. Spe-
cial mirror dial minimizes parallax
errors in setting. Slide-rule gradu-
ations enhance readability. Fa-
mous Cycl-Flex® plug-in case al-
lows five-second replacement
with the same or different time
range from 1.5 to 600 seconds.

Send for Bulletin 126

GET THE SPECS and full details...
more than $1 million in Eagle time/
count controls, control relays, preci-
sion potentiometers...waiting to serve
you in 35 major areas throughout the
world...including U.S.A., S.A., Europe,
U.K., Canada and Australia.

Eagle Signal Division

A GULF+WESTERN COMPANY

Davenport, lowa 52803
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The February update- 82 ,400 pages of product data
. The Apnl update: 95,100 pages of product data
The June update: 90,400 pages of product data
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Every other month,
Sweet’s \
Microfilm System
packages

the data explosion

In 5 minutes, you can collect, index
and file the data explosion. That’s

the amount of time you’ll spend every
other month putting the latest Sweet’s
Microfilm System update into the
cartridge carousel. Essentially zero-
maintenance; Sweet'’s has done all
the work.

We mail about 30 cartridges in each
bimonthly update of our product/
vendor file. The total of current
information is already more than
three-quarters of a million pages.
More current information than
contained in any other system...
updated more often, more thoroughly,
than any other system. ;

A typical update will contain new and
revised data from about 800 important
industrial suppliers...75% of them
new to the file. For example we've
recently added a 3500-page apparatus
handbook... and lots of smaller but
equally important firms too. And

we keep them all up to date.

How could you possibly keep up with
all this new data? Obviously, you can’t.
Sweet’s can, with a simple plan and

iyl

a computer. The plan is simply that
we don’t charge anyone to get their
data into our File. So we get all their
data, and new-information as soon
as it issues.

Then a computer takes over, after
we've thoroughly indexed the new
data. A complete new index is printed
out by computer for every update.
Over 6,000 product entries, plus
vendor index, speed you to the

right information in minutes. (You'd
have a terrible time finding data

if we just issued supplemental
indexes with the updates.) If you want
a copy of the data you've found, our
reader/printer delivers one in 6
seconds...and the File remains
wholly intact. No data gets borrowed,
and the cartridges easily go back into
the carousel without filing confusion.

Sweet'’s Microfilm also has several
other important data packages. Our
MIL Specs file has ail of them, com-
plete, updated with a new index every
month. Another package contains

five important sets of MIL Standards.
And, we've just added the ASTM
Standards to the system, exclusively.

See us at booth 5210 and 5211
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These standards are conveniently
offered in four sections, with auto-
matic updating every two months.

Now, Sweet’s introduces a new data
system: Characteristic Search. The
capability is fast survey and compari-
son of product areas. The first
segment, the six-volume Electronic
Instruments Edition, will issue shortly.
More than 35,000 electronic instru-
ments have been described with up
to 15 important parameters; manu-
facturer’s data is in the Microfilm
System for final reference if needed.
Use the coupon to get information

on this new system.

You may already be sold on microfilm
for data storage and retrieval...
because of the amount of data there
is now...and the amount that’s
coming next month. Sweet’s is not
the only system available. But Sweet’s
Microfilm System has more data than
anyone. And we update more often,

to make sure things stay that way...
and to make sure your engineers find
what they want, fast.

We make engineers out of engineers.
SWEET’S INDUSTRIAL DIVISION

McGraw-Hill Information Systems Company

Please send a complete information pack-
age on:

[J Sweet’s Microfilm System.

[J Sweet's Characteristic Search: Electronic
Instruments

O ASTM

Name

Title

Company.

Address

City.

State. Zip.

Send to Sweet’s Microfilm System, Dept.
EL57, 330 West 42nd Street, New York, N.Y.
10036 or call G. O. Stevens collect at (212)
971-3586.
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SAICOR REAL TIME
SPECTRUM ANALYZERS

MAKE SENSE!

Devour and analyze data fast — subsur-
face or space; natural or man-made;
esoteric or explosive — with no sacrifice
of resolution. Engineered for instant ac-
tion, simple operation, continuous and
transient analysis in real time with al-
most any output format —digital or ana-
log. Solid-state, MOS FET shift register
memory for non-spurious data. Options
to fit any application: 1/3 octave, fre-
quency tracking, translator, etc.

w  sal2t . =~ e,
ey teaie T e S

Don't buy more resolution than you can use.

5 standard models, each designed for the
resolution required. SAI-21 (above) was de-
veloped for applications requiring 200 point
resolution. Only SAICOR makes such a unit;
priced at the lowest cost anywhere for the
finest real time spectrum analyzer. Lighter
weight, smaller size, portability, make it ideal
for field and laboratory.

SAICOR DIGITAL INTEGRATORS FOR
PSD PLOTS: NO LOOPS, TIME 1/30

For hard-copy records including PSD, no tape
loops are needed; time is reduced from up to
30 minutes per plot to less than 1 minute.
Digital-integrated value may be observed dur-
ing and after integration. Used with the ana-
lyzers, the compatible SAICOR Integrators
effect important economies. They may also
be used independently.

For literature, write or call Dept. E,

Signal Analysis Industries Corp.

595 0ld Willets Path, Hauppauge, NY 11787
Phone: 516/234-5700

sAlCLy
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Who’s Who in electronics

The grand old man of memories,
as Jan Rajchman is sometimes
called, may not be so old after all.
For one thing, on his birthday next
week he’ll be only 58. And for an-
other, Rajchman, who has just
been appointed staff vice president
in charge of the Information Sci-
ences group at RCA Laboratories,
is still very much in the thick of
new memory development.

Officially, Rajchman, in his new
job, is responsible for directing “a
number of exploratory ventures in
the information sciences.” But ac-
cording to Rajchman, this can be
interpreted specifically as develop-
ing an optical computer memory.

Optics ahead. It’s no secret to
Rajchman, or anyone else in the
computer industry, that optics offer
far denser information-packing ca-
pacity than present-day memory
systems, including those of the
semiconductor variety. The ques-
tion is, however, what form such a
memory would take and when it
would be available.

Rajchman believes the industry
will see its first optical memory in
product form in the mid-1970’s. “In
the last two years we’ve made
great progress. Now we believe
that we've taken most of our con-
cepts off paper and turned them
into laboratory developments. The
next stage is improving and refin-
ing what we’ve already done, and
then we’ll have to build our de-
velopments into a system. That’s

RCA’s Rajchman

the really monumental job,” he
says.

The latest development to come
from Rajchman’s group is a read/
write, or erasable, hologram which
has a potential density of 108 bits
per square centimeter. Basically,
Rajchman explains, it’s a manga-
nese bismuth-coated magnetic sub-
strate, which when struck by laser
light, changes magnetic direction
at 1.5 light-wavelength intervals.

In its final form, according to
Rajchman, the optical memory may
well be used as a very large mass,
or archival, memory in conjunction
with the fast transistor memories.

Rajchman looks upon his new
position (previously he was staff
vice president for data processing
research at the labs) as a combi-
nation of line and staff work. “In
one sense, I'm sort of a salesman
to upper management, but I'm also
very closely tied to research.”

Almost two years had passed more
or less quietly at Litton Industries’
Litcom division after it rose from
the ashes of what was called the
Westrex communications division.
But four months ago, Herbert L.
Robinson—Litcom president for
only seven months—left suddenly.
And for more than three months,
while Litton searched for a succes-
sor to Robinson, an air of uncer-
tainty settled over Litcom’s Mel-
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These are specialized TRACOR instruments designed
for your specific needs.

FREQUENCY STANDARDS

RUBIDIUM FREQUENCY STANDARD
Long Term Stability 5x10-11 (Std.Dev./Yr.)
Drift Rate <1x10 11/month

use Reader Service #500.

CRYSTAL STANDARDS
Long Term Stability<5x10-10/24 hours = Long Term Stability <5x10-11/24 hours
5, 1, 0.1 MHz 5,1, 0.1 MHz
use Reader Service #501. use Reader Service #502.

CLOCKS
PORTABLE
RUBIDIUM
ATOMIC
CLOCKS CRYSTAL PORTABLE
6x10-12/100 CLOCKS CHRONOMETERS
Sec. Avg 5 2x10-6 Secs/Day 1x10-3 Sec/Day
38 Pounds 38 Pounds 8 Pounds
14 Hrs. . 15 Hrs. 80 Hrs.
Self-contained U Self-contained Self- contained
Batteries ® Batteries Batteries

use R"ééder Service #504. use Reader Service #505.

use Reader Service #503.
VLF RECEIVERS

NAVIGATION SYSTEMS
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VLF/OMEGA NAVIGATIONAL SYSTEMS

VLF TRACKING 4 Channel

RECEIVER/COMPARATORS

5.0 - 99.95 kHz continuous tuning
use Reader Service #506.

TWO FREQUENCY VLF RECEIVER

20 & 60 kHz for rating house standard
use Reader Service #507.

Receives all Omega Frequencies

Digital Lane Counter
use Reader Service #508.

E AND FREQUENCY INSTRUMENTS

FREQUENCY DIFFERENCE METER
Instantaneous Determination of

Fractional Freq, Diff. to 1x10-11
use Reader Service #509.

l:.m.ﬂ

P20 9° .o

LINEAR PHASE/TIME COMPARATOR

1 nanosecond time resolution

0.01 cycle phase resolution
use Reader Service #510.

FREQUENCY DISTRIBUTION SYSTEM
Provides up to 16 outputs

Front panel adjustment
use Reader Service #511.

SPECTRAL SYSTEMS AND INSTRUMENTS

DATA SCANNER
Scans and serial outputs

up to 80 data channels
use Reader Service #512.

Real

1-, 1

SPECTRUM ANALYZER

Time PSD Analysis

From 0.1 Hz to 100 kHz

2-, 1/3-, 1/6- octave bandwid
/ / us/e Readt\a’r Servi(‘?clal }:?gl&

SPECTRUM GENERATOR/SHAPER
Programmable random noise from 0.1Hz to 100k Hz

1-, 1/2-, 1/3-, 1/6- octave bandwidths
use Reader Service #514.

Eight
Booth Nos.
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great shows in one!

1701, 1702 & 1703

Indusirial Instruments

6500 TRACOR LANE, AUSTIN, TEXAS 78721 (512) 926-2800




THE
VS-80

sweep

generator)

ALL SOLID-

TECHNICAL LEADERSHIP IS
STATE-OF-THE-ART SOPHIS-
TICATION & PERFORMANCE

Test capabilities usually available only through the use of two or more
instruments are yours in the Texscan VS-80. It covers all normal IF
bands, and FM, VHF TV, UHF TV, and most communication bands . . .
can be used for radar and communications RF, IF, and video testing,
also as a chirp radar simulator and for wide band amplifier testing.
VS-80 is available in a ruggedized model that meets MIL-T-21200F, as
well as in the popular
S .. laboratory/field model.
—ag= Write for free descrip-

2B tive literature with com-
plete technical details.

RUGGEDIZED UNIT

LABORATORY UNIT

Frequency Range: 1 MHz to 1200 MHz
in two overlapping, switchable bands,
1—-300 and 290-1200. Can be centered
on any frequency between 1 MHz and
1000 MHz and sweep up to 1200 MHz
at maximum sweep.

Sweep Width: On the low band, continu-
ously variable from 50 kHz to 300 MHz;
on the high band, can be varied to 40%
at 1000 MHz. Unit also has CW output
mode for signal generator applications.

RF Output: Rated at least 0.5 vrms into
a 50-ohm load.

Operating Temperature: Continuous —20
+55°C; intermittent to +71°C.

Shock: 20 G's, 3 shocks along each of 3
mutually perpendicular axes.

EMI: IAW Mil-Std-826A, notice 1, class Gp.

Reliability: 500 hours MTBF IAW Mil-Std-
781A, Test level E except lower tempera-
ture —20°C.

Maintainability: IAW Mil-Std-470 & 471.
PRICE AND DELIVERY
Model VS-80 $1550.00 Model VS-80 DH $3050.00 (Combination Case)

Delivery is within four weeks maximum; in some cases models and accessories are
available from stock.

CORPORATION
2446 NORTH SHADELAND AVENUE .
INDIANAPOLIS, INDIANA 46219
Phone 317-357-8781—TWX: 810-341-3184

I
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Who's Who in electronics

Litcom’s Norsell

ville, Long Island, plant.

With the appointment of Paul E.
Norsell, 36, as president, optimism
has returned.

Norsell who, unlike Robinson,
comes to Litcom from another Lit-
ton division (he was vice president
for engineering at the Data Sys-
tems division in Van Nuys, Calif.)
feels confident that he can chart a
steadier course than Robinson did.
He knows what’s expected of him
because he’s been with Litton for
almost six years.

Systems. As explained by Nor-
sell, Litcom is fast assuming the
posture of a communications sys-
tems house selling such items as
radios, high-powered r-f, loran and
Omega equipment, as well as such
interior communications gear as
multiplexing systems. Neither the
size nor the reputation of competi-
tive firms—among them, RCA, Col-
lins Radio, and Bendix—awes him.

Even the fact that most of Lit-
com’s work is aimed at military
markets at a time when many firms
are trying to reduce the percentage
of their military work does not
worry Norsell. “We’ll stick with
military work,” Norsell says confi-
dently. He anticipates Litcom’s
making proposals for a number of
long-term military programs in-
cluding the on-again, off-again
Awacs program.

Electronics | August 4, 1969



-

\ |

f:/
!Q

j" \

What to do about the headache
of small “problem” parts? Make
them yourself? That means a major
investment in special machinery
and skilled labor. If you already
make them, how do you know
somebody else can’t make them
for you more economically?

Like Anaconda, for instance. They
have Anacondability—all the
facilities and capabilities to

Sure cure fora
common headache

ANACONDABILITY

Best relief for
small parts headaches

produce a large variety of parts
that can be stamped or drawn—in
any metal (copper, brass, bronze,
nickel silver, iron, steel, stainless
or aluminum)—and with any finish.
Most importantly, FMG engineers
have often been able to redesign a
part so that it can be made more
economically (as much as 50% less!)
with no sacrifice in quality!
It won't cost you a cent to find out

what FMG can do for you. Send
a blueprint; they’'ll do the rest.

Get rid of that headache faster
than you can say, ‘“Anacondability”!
Please write Anaconda American
Brass Company, 414 Meadow St.,
Waterbury, Conn. 06720

Fabricated Metal Goods Division

®

AMERICAN BRASS COMPANY
Circle 17 on reader service card




BELDEN...new ideas for moving electrical energy

Rlinie

wire/cable
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BeELDEN @

I 0000

systems turn us on

——

We have an active imagination when it
comes to wiring. Because it's sparked
by a lot of savvy about wire and cable
and its capabilities. With applied imag-
ination we can create fresh ideas that
help a customer get a better value for
his dollar. Our Wire Systems Specialists
are trained to explore every wire-related
aspect of a product—compatibility,
production, packaging, operating
environment. .. theentire system. And
then put their imaginations to work.
To eliminate a shielding or stripping
problem *. Or save money. Or enhance
the product’s reliability. And whatever
type of wire or cable it takes to turn an

Circle 19 on reader servicé card

idea into reality . . . well, we make all
kinds of wire for all kinds of systems.
Why not see what we can imagine for
your product? Call or write: Belden
Corporation, P.O. Box 5070-A, Chicago,
Illinois 60680. And ask for our catalog,
and the reprint article, '‘Key Questions
and Answers on Specifying Electronic
Cable.”’

*For example: We've insulated some of
our lead wire with silicone. So no glass
braid protettion is needed. This means
that stripper blades will last much,
much longer. And a potential health
hazard to stripper operators 1is
eliminated. :

Circle 21 on reader servicé card -
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How does.<"OMRON
e beat shock challenge?

= A relay must be ready to face unforeseen challenge.
OMRON’s own uncompromising standard requires that it is.
Once installed it's got to perform perfectly —not only undet
ideal conditions, but hostile conditions as well.

OMRON's tough, critical quality control, based on
MIL-Q-5923C, begins at the very first stages of research
and development.

Materials, processing, measuring instruments—even
personnel fitness—are tested to ensure that subsequent
quality control testing and inspecting are faultless.

And then to determine that our products are worthy to
carry the name OMRON, victims are selected for grueling
| endurance tests.

OMRON. Think of us before you decide. If a product
doesn’'t measure up, it doesn’t go in. That's one reason why
we became Japan’s largest producer of electric and
electronic components, carrying of course UL, CSA, SEC
and SECV international authorization.

1o} M{OMRON

! OMRON TATEISI ELECTRONICS CO.

SALES OFFICE /Toa Bldg., 5, Yonban-cho, Chiyoda-ku, Tokyo, Japan
g 2 2T Phone (265) 4611 Telex 232-2179 Cable Address OMRONELCO TOKYO
’ OVERSEAS DISTRIBUTORS:

e . ® AUSTRALIA/H.Rowe & Co., Pty., Ltd. ® AUSTRIA/Carlo Gavazzi-Billman G.m.b.H
@ |TALY/Carlo Gavaza1 S p. A, @ BELGIUM/Carlo Gavazzi Belgium s.a
® ENGLAND/Keyswitch Relays Ltd
® FORMOSA/Hai Nan Trading Co., Lid./Sheng Ching Trading Co., Ltd
® FRANCE/Billman-Carlo Gavazzi S A R 1
® HOLLAND/Carlo Gavazzi Billman Nederland N.V
® SPAIN/Carlo Gavazzi-Reqguladores Billman s.a. ® MEXICO/SchultzY Cia., S A
® SWEDEN/Billman Requlator ab. @ SWITZERLAND /Carlo Gavazzi-Billman AG
® U S A /Sigma Instruments Inc. ® SOUTH AFRICA/P.J Yelland & Co. (Pty) Ltd.
® WEST GERMANY /Carlo Gavazzi-Billman Industriezulieferung G.m.b.H




RX Bridge
spans the
o0 kHz

to 250 MHz

range
---precisely

oscillator, bridge and
null detector all-in-one

The 250B RX Meter is a self-contained RF
bridge that reads impedance in terms of
Ry, and X, from 500 kHz to 250 MHz. It con-
sists of an accurate, continuously tuned oscilla-
tor, Schering bridge, amplifier-detector and null
indicating meter.

Ruggedly constructed, the 250B bridge assures
the user of the stability necessary for precise
measurements. A front panel control adjusts
the RF excitation signal to as low as 20 mV,
permitting measurement of input and output
“Y" parameters of transistors with the acces-
sory 13510A Transistor Test Jig, and use of the
bridge for other low-level measurements.
Another accessory, the 00515A Coax Adapter
Kit, provides a convenient means for adapting
the bridge terminals to type “N” connectors
for measuring devices with coaxial connections.

The 250B RX Meter is especially useful in
determining electrical characteristics of de-
vices and circuits such as inductors, capac-
itors, transformers; and filters. Price: $2050.

For complete information and a copy of the
250B Technical Data Sheet, contact your
Hewlett-Packard field engineer or write:
Hewlett-Packard, Green Pond Road, Rockaway,
New Jersey 07866. In Europe: 1217 Meyrin-
Geneva, Switzerland.

HEWLETT @PAGKARD

IMPEDANCE INSTRUMENTS
10908
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Meetings

Showing the way to strapdown guidance

While hardware for strapdown
guidance will be evaluated in sev-
eral papers at this month’s Guid-
ance, Control, and Flight Mechan-
ics Conference, most of the papers
will deal with flight mechanics
and control concepts. The confer-
ence, sponsored by the American
Institute of Astronautics and Aero-
nautics, will be held at Princeton
University in Princeton, N.J., Aug.
18-20.

Three researchers from MIT’s In-
strumentation Laboratory will pre-
sent results of an evaluation made
on a strapdown package containing
single-degree-of-freedom gyros in a
digital torque-to-balance control
loop. The three are J.P. Gilmore,
R.A. McKern, and D.W. Swanson.

Real time. Two Raytheon engi-
neers, J.B. Matthews and G.R. Tay-
lor, will discuss the feasibility of a
strapdown system that uses a gen-

eral-purpose computer. And in an-
other paper, F.A. Evans and J.C.
Wilcox of TRW Systems will de-
scribe a strapdown redundant-
sensor package containing six gy-
ros and six accelerometers. Sensor
signals are processed in real time
by a digital computer.

Another strapdown system will
be described by P.G. Savage of
Honeywell in a session on optical-
and radar-guidance techniques.
His system uses a laser phased-
array seeker system for a homing
missile. Also in this session will be
a paper, by C.L. Wyman of NASA’s
Marshall Space Flight Center, de-
scribing a scanned-laser system
with a random-access capability
that can be applied to spaceborne
radar and communications.

For information, contact Meetings Depart-
ment, AIAA, 1290 Ave. of the Americas, New
York, N.Y. 10019

Calendar

International Photoconductivity Confer-
ence; Stanford University, Palo Alto,
Calif.; Aug. 12-15.

Western Electronic Show & Convention
(Wescon), IEEE; Cow Palace & San Fran-
cisco Hilton Hotel, San Francisco; Aug.
19-22.

Symposium on Programing Languages
Definition, Association for Computing
Machinery; San Francisco; Aug. 24-25.

Defects in Electronic Materials for De-
vices, Metallurgical Society of the Amer-
ican Institute of Mining, Metallurgical,
and Petroleum Engineers; Statler-Hilton
Hotel, Boston; Aug. 24-27.

ACM National Conference and Exposi-
tion, Association for Computing Ma-
chinery; San Francisco Civic Center;
Aug. 26-28.

Cornell Biennial Conference on Engi-
neering Applications of Electronic Phe-
nomena, |EEE; Cornell University,
Ithaca, N. Y.; Aug. 26-28.

Education and Training Technology In-
ternational Convention, IEE; London,
England; Sept. 2-6.

Electrical Insulation Conference, IEEE;
Sheraton-Boston Hotel & War Memorial
Auditorium, Boston; Sept. 7-11,

European Microwave Conference, Inter-
national Symposium on Man-Machine
Systems, IEE; St. John’s College, Cam-
bridge, England; Sept. 8-12.

Convention of the Society of Logistics
Engineers; Cape Kennedy Hilton Hotel,
Cape Kennedy, Fla.; Sept. 9-10.

Petroleum & Chemical Industry Tech.
Conference, IEEE; Statler Hilton Hotel,
Los Angeles; Sept. 14-17.

International Telemetry Conference, In-
ternational Foundation for Telemeter-
ing, Sheraton Park Hotel, Washington,
D.C.; Sept. 15-17.

Conference on Trunk Telecommunica-
tions by Guided Waves, IEE; London,
England; Sept. 15-17.

Solid State Devices Conference, IEE;
University of Exeter, Exeter, Devon,
England; Sept. 16-19.

Symposium on the Biological Effects
(Continued on p. 24)
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1/2-watt

new Ve
diameter i}l cermet
. variable

R T

= rosistor

9.

Type Q Meets Requirements of MIL-R-23285

If youre looking

Rating: 2 watt @ 125°C.

Temperature Range: for a better
=65°C'to L1755 C. 4
Resistance: 100 ohms @
Ihroth 2.5 megOhms SOU rce L | -erte-

Temp. Coef.: Less than £250 PPM/°C for
all resistance values and over complete tem-

perature range.

Load Life: Less than 3% total resistance | .
change after 1000 hours, % watt at 125°C. |
Sealed Unit: Enclosure is immersion- awy QUALITY ELECTRONIC COMPONENTS
proof. 1201 S. Second St. Milwaukee, Wis. 53204
Shown actual size Tolerances: +10% and +20% standard. EC69-14 ©Allen-Bradley Company 1969
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Meet the “Mite”.
Only .218" diameter. The toughest
ceramic disc trimmer capacitor its size.

New from E. F. Johnson. And it’s this small:

Jesigned for printed circuit applications where space is at a
premium. Stator of High Alumina for greater shock and
ibration resistance. The rotor plate is encapsulated in ceramic
or environmental stability and long life. The Q factor at 1 MHz
500 minimum. Precision lapped bearing surfaces give you
smooth linear tuning. Pick from a wide capacitance range:
1.0-3.0 pF, 2.5-9.0 pF, 3.5-20.0 pF, 5.0-25.0 pF. Designed

to meet or exceed applicable requirements of MIL-C-81A.
Return the coupon today for information on Johnson'’s

new Micro-J™ And if you have a special capacitor need,

we'd like to work with you. The same engineering that made
our air variable capacitors the standard of excellence goes
into every new Johnson product.

JOHNSON COMPANY/3008 Tenth Ave. S.W./Waseca, Minnesota 56093

Send product specification information on new Micro-J capacitor.
iclude information about your full capacitor line and other Johnson components.

NAME _ TITLE
ADDAES ST

ciry STATERIE & zIp

E.F.JOHNSON COMPANY
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Meetings

(Continued from p. 22)

and Health Implications of Microwave
Radiation, Biophysics Department of
the Virginia Commonwealth University,
Bureau of Radiological Health,
Environmental Control Administration,
and U.S. Public Health Service;
Richmond, Va.; Sept. 17-19.

Annual Broadcasting Symposium,
IEEE; Mayflower Hotel, Washington,
D.C.; Sept. 18-20.

Joint Power Generation Conference,
IEEE, American Society for Mechanical
Engineers; Charlotte, N.C.;

Sept. 21-25.

Annual Intersociety Energy Conversion
Engineering Conference, IEEE,
American Society for Mechanical
Engineers; Statler Hilton Hotel,
Washington, D.C.; Sept. 21-26.

Ultrasonics Symposium, |EEE;
Chase Park Plaza Hotel, St. Louis, Mo.;
Sept. 24-26.

International Electronics Conference,
|IEEE; Automotive Building,
Exhibition Park, Toronto, Oct. 6-8.

Annual Conference of the American
Institute of Ultrasound in Medicine;
Winnipeg, Manitoba, Canada, Oct. 6-10.

IGA Group Annual Meeting, IEEE;
Statler Hilton Hotel, Detroit, Oct. 12-16.

Annual Symposium on Switching and
Automata Theory, |IEEE; Waterloo,
Ontario, Canada, Oct. 15-17.

International Symposium on Remote
Sensing of Environment, The Center
for Remote Sensing Information and
Analysis; University of Michigan,
Ann Arbor, Oct. 14-16.

Engineering Management Conference,
IEEE; Montreal, Quebec, Canada; Oct.
9-10.

Joint Materials Handling Engineering
Conference, IEEE, American Society of
Mechanical Engineers; Sheraton Motor
Inn, Portland, Ore.; Oct. 27-29.

Nuclear Science Symposium, |EEE;
Sheraton Palace Hotel, San Francisco;
Oct. 29-31.

International Electron Devices Meeting,
IEEE; Sheraton Park Hotel, Washington;
Oct. 29-31.

Northeast Electronics Research &
Engineering Meeting (NEREM), IEEE;
Sheraton Boston Hotel, War Memorial
Auditorium, Boston; Nov. 5-7.

University Conference on Ceramic
(Continued on p. 26)
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Ball .002" dia., Iteration 5%

TEMPRESS HYDROGEN FLAME-OFF TORCHES FOR LEAD-
BONDING MACHINES ARE STAINLESS STEEL, WITH SAP-
PHIRE ORIFICE INSERTS that maintain size and shape
accuracy of the 2166°C hydrogen flame. The highly polished
inner surface of the sapphire insert assures this by eliminat-
ing gas turbulence and a resultant distortion of the flame.
The end result is essentially identical gold balls on every
lead, from start to finish of a production run. 14X
maghnification of operation shows flame-off torch at
left, with orifice partially visible. Gold wire, with per-
fectly formed ball, protrudes from Tempress tungsten

carbide capillary tube, ready for next bonding cycle. This
extreme precision symbolizes the Tempress approach to
every project ... explains why it requires 11 months to
train an operator for many Tempress production operations.
Other Tempress products include automatic scribing ma-
chines, diamond scribers, diamond lapping points, and
tungsten carbide probe contact needles.
Lead-bonding, Model DTN-1, at Union Carbide Electronics.

TEMPRESS

Tempress Industries, Inc., 980 University Ave., Los Gatos, Calif. 95030
Circle 25 on reader service card




For the first time ever! A single pole double throw, center off,

mercury wetted contact relay...

E SINCE 19857 3

Especially adaptable for...
« Alarm circuits
» Differential circuits
» Telegraph circuits
« Machine controls
» Data acquisition

For complete specifications write for Adlake
bulletin #MW-6

=

SEE US AT WESCON—BOOTH 4708

THE ADAMS & WESTLAKE company

ELKHART, INDIANA 46514 « 219-264-1141 - TWX 219-522-3102 « TELEX 25-8458 « CABLE ADLAKE
\ DIVISION OF
ALLIED PrODUCTS CORPORATION
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Meetings

(Continued from p. 24)

Science, Dept. of Metallurgical and
Materials Engineering, University of
Florida; Nov. 10-14.

Symposium on Adaptive Processes,
IEEE; Pennsylvania State University,
State College; Nov. 17-19.

Fall Joint Computer Conference, |IEEE;
Convention Hall, Las Vegas; Nov. 18-20.

Commerce Laser Colloquium, Electronic
Industries Association and the U.S.
Commerce Department; Paris, France;
Nov. 18-20.

Conference on Magnetism and Magnetic
Materials, |IEEE, American Institute of
Physics; Benjamin Franklin Hotel,
Philadelphia; Nov. 18-21.

Short courses

Automation in Electronic Test
Equipment, New York University; Aug.
18-22. $265 fee.

Science and Technology of Information
Display, Polytechnic Institute of
Brooklyn Graduate Center, Farmingdale,
L.I., N.Y.; Aug. 19.29. $375 fee for

both parts.

Computerized Electronics, School of
Electrical Engineering, Cornell
University, Ithaca, N.Y.; Aug. 26-28.
$16.50 fee.

Call for papers

International Solid-State Circuits Con-
ference, |EEE; Sheraton Hotel, Phila-
delphia, Feb. 18-20, 1970. Oct. 17 is
deadline for submission of abstracts
and papers to Mr. L.D. Wechsler, Gen-
eral Electric Co., Electronics Park,
Building #3, Syracuse, N.Y. 13201.

Transducer Conference, IEEE; National
Bureau of Standards, Gaithersburg,
Md., May 4-5, 1970. Nov. 1 is deadline
for submission of summaries to Dr.
Robert B. Spooner, IMPAC Instrument
Service, 201 E. Carson Street, Pitts-
burgh, Pa. 15219.

Geoscience Electronics Symposium,
IEEE; Washington, D.C., April 14-17,
1970. Dec. 1 is deadline for submission
of abstracts to Mr. Ralph Bernstein,
Chairman, Technical Program Commit-
tee. IBM Corp., 18100 Frederick Pike,
Gaithersburg, Md. 20760.
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Sprague Digital ICs. Illustration: Series 54H/74H in flatpack and DIP

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

Just about the fastest saturated logic circuits around. TYPICAL CHARACTERISTICS GATES FLIP-FLOPS
Series 54H/74H from Sprague. The whole family. Flip- Propagation Delay

flops and all. Power Dissipation
. : . : ! Noise | it
Use them in arithmetic and processing sections, where ik

: i Temperature Range
speed really counts. Mix and match them with Sprague’s = g

; Series 54H —55to +125°C
standard Series 54/74 Series 74H 0to 4+70°C

Get off to a fast start with Sprague Series 54H/74H. Packages DIP or Flatpack

THE MARK OF RELIABILITY

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

Or call your Sprague industrial distributor. He has them on the shelf.
For complete specifications, circle the reader service number below.
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PNP
COMPLEMENTARY
POWER SWITCHES
ANREAEPLIFIERS

This month, we're offering you 14
new PNP power switching and
amplifier transistors. All built with
our BI-MESAR™ technology.

And all built to handle more power
for less dollars.

Now we’re up to any other power
transistor manufacturer in the
number of devices offered. -
And we're way ahead in quality.

NPN
PACKAGE PNP COMPLEMENT
TO-3 2N3789 2N3713

2N3790 2N3714
2N3791 2N3715
2N3792 2N3716
2N4398 2N3771
2N4399 2N3772

TO-5 2N4234 2N4237
2N4235 2N4238
2N4236 2N4239

TO-66 2N3740 2N3054

2N3741 2N3054

2N 4898 2N4910

2N4899  2N4911

2N4900  2N4912
They’re all on your Fairchild
distributor’s shelves in volume.
And priced so you can afford to get
Fairchild reliability into your
circuits. Now.
Fairchild Semiconductor
A Division of Fairchild Camera
and Instrument Corporation
Mountain View, California 94040
(415) 962-5011 TWX:910-379-6435

THE
GREAT
FAIRCHILD




THE
GREAT FAIRCHILD
POWER GRAB

GOES ON!

Our bid for bigness in power transistors can only mean good things for you.Things like more of a choice
in second sources, so you won’t get halfway through a program only to get shot down by non-delivery.
And things like the Fairchild name on hundreds of new power devices. So you know your systems will
work better for less money. For years to come.

Here’s a list of the new power devices we’ve put on our distributors’ shelves so far in the Power Grab.
If you need more information, use this form. Fill it in. Tear it out. Send it off. It’s that easy.

NPN  INFORMATION, NPN  INFORMATION, NPN  INFORMATION,
PACKAGE DEVICE PLEASE PACKAGE DEVICE PLEASE PACKAGE DEVICE PLEASE
TO-3 2N3055 2N5337 TO-66 2N3054 e S
2N3232 S 2N5338 R 2N3441 T
2N3233 Al 2N5339 ) 2N3738 SHITEE
2N3234 s 2N5729 I, 2N3739 B
2N3442 R Vg 2N4910 e T
2N3713 Lt g0« . N i
2N3714 e SNE348 = 2N4912 i LA
2N3715 N T SNE349 —— *2N5427 S
2N3716 e DA, SNBATT S *2N5428 A L
*2N3771 i E o SNELTE — *2N5429 S
*2N3772 BT SNE479 i *2N5430
*2N3773 e
2N4913 2N5480 T PNP  INFORMATION,
SRini: _ 2N5730 LTS PACKAGE DEVICE PLEASE
2N4915 TO-61 2N2811 g e v TO-3 *2N3789
*2N5038 2N2812 SRR *2N 3790 T
*2N5039 2N2813 ey STl *2N3791 AN
2N5067 2N2814 SR *2N'3792 DY
2N5068 2N4301 A *2N 4308 ATWE
2N5069 N ) 2N5313 BT *2N4399 T
*2N5301 e 2N5315 _— TO-5 *2N4234 ECT
*2N5302 2N5317 LT *2N4235 2 BTy
*2N5303 2N5319 i *2N4236 EEFY
2N5732 2No7L - — TO-66  *2N3740
2N5734 —_— TO-63 2N3597 LA *2N3741 i
TO-5 2N3439 s L v 2N3598 e *2N4898 SR
2N3440 et - T 2N3599 SN *2N 4899 SBEEE
2N4300 S 2N4002 ESTREY *2N4900 S
2N4877 TS 2N4003 AR :
2N5336 = radie 5N5733 TR NEW THIS MONTH

NAME ADDRESS
COMPANY CITY.
DEPARTMENT. STATE ZIP.
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Editorial comment

Advanced technology helps chart growth

Pessimists may interpret this year’s modest in-
crease in electronics dollar volume [p. 107] as her-
alding a flattening of the market in the next few
years. Such a conclusion would be a mistake. Sim-
ple extrapolation of the numbers in the fast moving
electronics business seldom works. And at best,
prognostication is a risky business; the most ad-
vanced techniques can’t account for all factors.

Electronics markets cannot be gauged just by
looking at projected equipment needs. Too often,
customers don’t know what they “need” simply
because they don’t know what’s available. Obvi-
ously, market prognosticators would do well to
base their projections on where advanced mate-
rials and devices can be expected to be applied,
for advanced technology has an important bearing
on tomorrow’s outlook, Therefore, projections made
by semiconductor makers to guide their own busi-
nesses are a valuable barometer—even though semi-
conductors account for little more than 5% of the
total market.

Texas Instruments, whose predictions are well
regarded, forecasts not only growth in the over-all
market, but possibly a bigger share for semicon-
ductors (about 7% by 1972). The increased share
would stem, in part, from the burgeoning semicon-
ductor content of such systems as advanced radars
and infrared mappers.

There are good reasons for TI's optimism. For
one thing, device makers and equipment people
will be working closer together to devise new
higher-performance systems. This will result in an
emphasis on customized devices. For example, a
big market for emitter-coupled logic will be in
large, long-term computer programs for which cir-
cuits will be custom tailored. And an important
end use of MOS devices will be in customized ap-
plications: digital communications for the military,
and office machines and calculators.

The expanding custom market will be reflected
in a change in the way of doing business. Jack
Kilby, head of TI's customer requirements center,
says the trend towards custom devices could lead
to decisions—made jointly by device and equip-
ment people—to design and build entire receiver
front ends instead of standard mixers. It follows
that an increasing number of electronics products
will require no more than a few hundred identical
parts per year. Thus the proliferation of standard
devices will be minimized; instead, a few well-
known devices or techniques will be combined or
permuted to meet the specialized needs. Four of
the seven growth lines upon which TI is concen-
trating fit the custom pattern. They are optoelec-
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tronics, advanced high-speed logic circuits (ECL),
MOS circuitry, and medium scale IC’s (TTL). (The
others are single-diffused power transistors, com-
puter diodes and diode arrays, and plastic-encap-
sulated transistors.) In the meantime, TI is moving
toward the introduction of large-scale-integrated
circuits, linear and microwave IC’s, and semicon-
ductor memories—product lines that also fit the
custom pattern. These lines are expected to blos-
som in the 1970’s.

Another important factor is the expanding indus-
trial electronics market. An important development
that helped open up this market was the plastic
package; it started industrial users “thinking elec-
tronics.” By the early 1970’s, TI envisions the
market for industrial semiconductors (for general
purpose computers, instrumentation, and control
systems, for example) at about $270 million.

It seems certain that the future of electronics
will not be a linear extension of the past. It will be
accelerated by the application of today’s advanced
semiconductor and materials technology. m

No doubt about Apollo fallout

Engineers and scientists will argue for years about
the quality and quantity of fallout from the Apollo
program. Ironically, the effect least open to ques-
tion occurred not in the U.S., but in Japan. It was
the booming sales of color-tv sets to Japanese con-
sumers. Those Japanese who back in May were
lucky enough to see the moon in color and the pre-
dawn splashdown of Apollo 10 on color tv via In-
telsat were enthralled. At that time the Mainichi
Daily News reported that “millions of Japanese
were glued to tv sets—and those not yet possessing
color sets wished they had one—as they watched
breathlessly for the Apollo 10 astronauts’ safe re-
turn to earth.” As a result of having had their ap-
petites whetted by the amazing color transmissions
from Apollo 10 and abetted by some extremely
clever moon-oriented (Apollo 11) ad campaigns by
Japanese set makers, the populace swarmed to set
dealers, sending color-tv sales rocketing 80%.
Undoubtedly, the fallout’s dollar value in far
more significant areas, such as medical eletctronics
monitoring techniques, will prove much harder to
pin down. But in any event, it is difficult to argue
with the statement by Ronald Philips, director of -
technology utilization for NASA: “There isn’t any
question that the [NASA-developed] technologies of
the 1960’s will be the realities of the 1970’.” m
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Here's the fastest, most accurate source of programmable pulses available anywhere.
The new Datapulse System 140 generates rep rates to 100 MHz, pulse widths from 5 ns,
and independently variable rise and fall times from 2 ns.

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

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

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

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

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

Electronic counters Digital voltmeters
Pulse generators Spectrum analyzers

DATAPULSE I Microwave frequency Digital panel meters
AR SR SR e indicators Microwave signal
— Digital clocks generators
SYSTRON a!»«“‘:‘” DONNER Memory testers Laboratory magnets

Analog computers Data acquisition
Time code generators systems
Data generators Microwave test sets
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Air Force eyes
standardization
for electro-optics

Tl gears up for LSI;
first bipolar devices
due this month...

. . « @S company
farms out MOS
technology abroad
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The Air Force is finally trying to standardize its approach to defining the
performance of electro-optical and infrared sensor systems. Goals are to

unify the terminology that’s used, develop realistic performance criteria, =

and set up procedures for making repeatable measurements.

The lack of common language is a prime reason, many feel, for the lack
of success in developing and deploying electro-optical systems, particu-
larly low-light-level television.

Work on developing the standard is being done largely in-house at the
Avionics Laboratory, Wright-Patterson Air Force Base, Ohio. Television,
infrared and line-scanning systems are being tackled first, but radar sys-
tems will eventually be included.

The Air Force hopes to hold a series of seminars with industry, prob-
ably starting in the fall, to exchange ideas and help develop the standards.

The first complete production line for LSI arrays at Texas Instruments
will be set up in the new Houston plant around November. Presently,
TT’s LSI work is in the developmental and pilot production stages, divided
about evenly between Dallas and Houston. Ultimately all of it will be
moved to Houston [Electronics, March 17, p. 36].

This month TI will begin introducing an off-the-shelf line of its bipolar,
discretionary-wired LSI First device to be announced will be a digital
differential analyzer. TI is tentatively planning to bring out about one
LSI array product a month over the next several months. In the works are
five LSI device types including a 1,000-bit shift register.

The primary aim in announcing these standard LSI arrays is to get
across to potential customers TI's position that it has the ability to supply
arrays now. The company still sees at least 80% to 90% of the future LSI
market as being custom-designed products. Its LSI product line is aimed
primarily at giving customers something they can feel and touch. TI gets
customer resistance when it has nothing to show—something the com-
pany went through in the early days of integrated circuits.

Texas Instruments is taking an unusual step—for it at least—in moving its
MOS technology overseas. Normally, TI waits until it has a product in
volume production before moving the technology to its foreign plants.
But in the case of MOS, TI isn’t waiting because it sees a big overseas
market developing very fast. The traditional two- or three-year gap
between the U.S. and other countries in designing new semiconductor
devices into hardware isn’t happening with MOS.

Engineers from TI's European and Far East plants are already hard
at work with the company’s MOS people in Houston. They will be taking
the technology back with them “in the coming year” to gear up for the
anticipated overseas business.

TI expects about half of the MOS business by 1972 to come from over-
seas. It sees the total market exceeding $150 million by that time, with
about 70% coming in memory and custom logic devices for office machines
and computers. It’s this slice of the pie that’s whetting TI's appetite. Com-
pany officials see the biggest MOS competition coming from the major
semiconductor houses and the Japanese.



Sylvania to sell
digital recorder?

Comsat considering
eighth Intelsat 3

Fast Fourier unit
boasts capacity
of 30-odd channels

Addendum

Electronics Newsletter

What may be the world’s fastest digital recorder is the object of negotia-
tions between the developer, Sylvania Electronic Systems, and the poten-
tial buyer, Synergistics. The system uses a modulated helium-neon laser
to store data in 36 channels on 8 millimeter microfilm, Data-transfer rate
is from 0 to 10.8 megabits per second—and could range upward to more
than 20 megabits per second in future units. It would have a photodiode
readout.

A key application would be high speed, high density storage; 5,000
36-bit words per inch can be stored with the new system. This is as much
as 90% more compact than magnetic tape.

As for why Sylvania is thinking of selling this recorder, the major poten-
tial market for the recorder appears to be in commercial computer
peripheral equipment, and apparently Sylvania doesn’t want to enter this
field with just a single product.

Failure of the latest Intelsat 3 to achieve orbit may turn out to be a
blessing in disguise for TRW, builder of the $7 million communications
satellites for Comsat. Comsat recently ordered a seventh spacecraft
because of earlier failures in the program, and may now end up buying
yet another. The decision on whether to buy an eighth will probably be
made later this month. Only six of the satellites were procured originally.
Comsat is now pushing to get its next Intelsat 3, the sixth attempt on
the pad at Cape Kennedy in time for a September launch. The July 25
launch failed when the satellite didn’t achieve a proper transfer orbit.
Presently, only two of the five satellites launched are operating.

Computer Signal Processors Inc. is developing a faster, big brother to its
CSS-3 fast-Fourier computer system [Electronics, April 14, p. 159].
Instead of building the new system, called the CSP-30, around a Varian
6201 general purpose computer as it did on the CSS-3, the firm is develop-
ing its own processor. The emphasis is on getting as much speed as pos-
sible: TTL integrated circuits and five- to 12-layer printed circuits boards.
The digital signal processor will also handle more data channels, about
30-odd compared with the earlier model’s standard one channel.

A functioning machine should be completed by late September or early
October. Software hopefully will be debugged by early 1970. It is
expected to be priced at something below $100,000. Two systems already
have been sold.

A new Saugus, Mass., firm, Solid State Technology, is about to come out
with a radio alarm that uses neither battery nor line power. Based on a
proprietary power system the company won’t discuss, the alarm box
generates its own power when a user opens the box’s cover. It also won’t
give the power or range of the signal. Pressing a button releases the
energy as a tone coded, 150 megahertz, frequency-modulated signal
which identifies both the location and type of emergency. A single
receiver console can handle up to 9,999 separate alarm boxes. The cost
will be about $1,000 per unit, according to the company, which hopes to
carve out part of the fire alarm and roadside signaling systems market.
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Keep that original safe.
Make a second original on

KODAGRAPH Wash-Off Film.

This old battered drawing on cloth was once a thing of
beauty—the culmination of weeks of design and many
hours on the drafting board. Yet pretty soon, with han-
dling, staining, smudging, and flaking, it can look like this.

That’s why it really pays to have your blueprinter
make a second original on KODAGRAPH Wash-Off
Film, ESTAR Base. Preserve the cloth master and drop
the second original into your active file. It won’t crack or
yellow. Stains and fingerprints will wipe right off. You'll

still be getting great white prints years from now.

Revisions are easy. You get rid of unwanted photo-
graphic lines on KODAGRAPH Wash-Off Film, ESTAR
Base, with a drop of water and a touch or two of your
eraser. Its matte drafting surface permits twice the era-
sures, yet accepts and holds pen-and-ink corrections
smoothly.

More details? Just contact your local Kodak Techni-
cal Sales Representative for a no-obligation, certified
survey of your present operation...and a look
at all the smart KODAGRAPH Products ¢
available now. Or write us: Eastman
Kodak Company, Business Systems
Markets Division, Rochester,
New York 14650.

DRAWING REPRODUCTION SYSTEMS BY KODAK
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Lets lay our cards on the table

When it comes to Series 54/74 TTL, Transitron holds a full

deck. .. twenty-six Series 54 devices, in ceramic DIP (J) or

Flat (F) packages, twenty-eight Series 74 devices, in ceramic DIP
(J) or plastic DIP (E) packages. The 54/74J and 74E units are
pin-for-pin identical, and all circuits in all packages are com-
pletely interchangeable with those of the original 54 /74 manu-
facturer. Prices are competitive and we can deal you a pat hand
right off the shelf.

Ranging from basic gates to more complex functions such as
adders, counters and shift registers, Transitron's family of TTL
devices now numbers more than 450, including a broad range of
Series | and Series |l types.* This gives you breadth of choice
virtually unmatched in the industry.

®
Find out what's in the cards for you. l " n 5 l'l:l"o n
Send for complete data and specifications electronic corporation
on the devices that interest you. 168 Albion Street Wakefield, Massachusetts 01880

)

jilk

* Electrically and mechanically interchangeable with SUHL | and I,
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ga
gof the electncal insulating problems of mdustry and
solve them. Then there is the mass1ve line of Markel products

lume at competmve prices requires extensive, modern manufacturmg
probably the finest in the business. But all this experience,
dge and capacity would be of little value to you without Markel’s
on-wide network of sales engineers who bring Markel products and
problem-solvmg capablhtles as close to you as your telephone.

ONE SOURCE FOR EXCELLENCE MARKEL
in Insulating Tubings and Sleevings

High Temperature Wire and Cable SINCE 1922

L. FRANK MARKEL & SONS, INC., NORRISTOWN, PA. 19404 « PHONE: 215/272-8960
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Now ... with CTS Cermet Multi-Turn Square

Trimmers you get Characteristic C Mil-spec

performance for all military applications. All new

series 165 (style RJ24) and series 175 (style RJ22)

meet tough Characteristic C of Mil-R-22097C. These same
environmental characteristics are available . . . at lower cost. ..
for commercial and industrial applications.

Both small %"-square series 165 and compact %"-square series 175 trimmers assure infinite
resolution over a 20 ohm to 2.5 megohm range . .. and power rating of % watt @ 85°C,
TC+150 ppm/°C for 2k ohms and above. —0 +175 ppm/°C from 50 ohms through

250 ohms and —0 +250 ppm/°C from 500 ohms through 1k ohm.

All available at no extra cost.

Low cost*, proven quality, and top performance—combined with-

fast distributor delivery—make CTS your best industrial trimmer choice.
Can’t use one of our standard series? Ask how we can solve specific application
problems. Call or write for complete details to CTS of Berne, Inc., Berne, Indiana
46711. Phone (219) 589-3111.

*Check these prices for 4-6 week production delivery. (Small
quantities from stock)
Series 165 Series 175

Quantity 25-49 1000 25-49 1000
each) | (each) | (each) | (each)

Commercial (=20%Tol.) $4.55 | -$3.25 $4.20 $2.95

MiL-type (=10%Tol.,| 5.30 3.80 5.10 3.65
Char. C)

) C1S corrorarion

Elkhart, Indiana

Other CTSV Cermet Trimmers include:

= | o | .

Series 185 Series 190 Series 340 Series 360 Series 385 Series 660 Series 630
1-%" x .290" x .364" | %" x .160" x .310" |%"x %" square x .270" 746" x 44" x 2%4" 1/," round x .225" | %" round x %" high— | %" round x '34;" high-
multi-turn multi-turn high—single-turn single-turn high—single-turn single-turn single-turn
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Programmable.

Full-function programmability
DC to 50 MHz Counting Range
Universal counter/ timer functions
BCD output
...all for only $1285

The new Monsanto Model 110A offers you a broader
range of operational advantages than any counter/timer in
its price range. Front-panel functions are tailor-made for
programming with the Monsanto Model 501A Digital Pro-
grammer, or with virtually any other contact-closure or
logic-level source.

Circle 41 on reader service card

Now consider these other features of the Model 110A:
the full complement of counter/timer functions; dc to 50
MHz counting range; marker and gate outputs; provision
for external time base; and BCD output. Plus the inherent
reliability of Monsanto “4th generation” integrated circuit
construction. Plus the 2-year Monsanto warranty.

Price of the Model 110A is $1285; of the Model 501A,
$375. For a demonstration or technical data call your local
Monsanto Field Engineering Representative or contact us
direct. Monsanto Company, Electronic Instruments, West
Caldwell, New Jersey 07006; (201) 228-3800.

Monsanto




BUSS

THE COMPLETE LINE OF SIGNAL-INDICATING, ALARM-ACTIVATING
FUSES AND FUSEHOLDERS

FOR USE ON COMPUTERS, MICROWAVE UNITS, COMMUNICATION EQUIPMENT, ALL ELECTRONIC CIRCUITRY

BUSS GLD-% x 1% in. Visual-Ind-
cating, Alarm-Activating.

BUSS ACH
Aircraft Limiter,
Visual-Indicating

BUSS GBA-¥% x 1% in
Visual-Indicating.

HKA panel mounted holder,
lamp indicating-signal activat-
BUSS MIC-13/32 x 1% in. Visuale ing, for % x 1% in. BUSS GLD

Indicating, Alarm-Activating. ;:s:; .
amp.

HLD panel mounted holder, visual-
indicating, for % x 1% in. BUSS
GBA fuses (or GLD fuses)

% to 5 amp.

BUSS MIN-13/32 x 1% in. Visual-
Indicating.

Ne 3 o ?
’f HPC-C panel mounted hol
/ visual-indicating, for 13/32
/. V%4 in. fuses. o

USETRON Fuse 13/32
x 1% in. slow-blowing, Visu-
al-Indicating, Alarm-Activat-
. ing. (Also useful for protection
- of small motors, solenoids,
- transformers in machine tool
- industry.) A

HGB-C panel mounted Fio: : ;
holder lamp indicating Mili- £ HGA-C panel mount-
tary type FHLIIU Single / ed holder famp indi-

pole for % x 1% in. fuses. ; cating Military type
FHLIOU Two pole
for ¥4 x 1% in, fuses.

BUSS KAZ Actuator 13/32 x 2 in. Sig-
nal-Indicating, Alarm-Activating Device.
Use to call attention to the opening of
a fuse of 50 amp or larger. Can be
mounted “piggy-back’ on large fuse or
in special block with micro-switch.

Ask for Bulletin KAFS.

 BUSS GMT and HLT hol
Visual-Indicating, Alai
»Agﬂvatiu.

HGC panel mounted holder
lamp indicating Military
type FHL12U Single pole for
13/32 x 1% in. fuses.

BUSS Grasshopper
* Indicating, Alarm-A

BUSS Series 70. Vi-
- sual-Indicating, Alarm-
Activating. (Used in tele-
phone and similar applications.)
Ask fOf Bull_eﬁn 70S-C F Sitmﬂ fuse block
. No. 3839 for 13/32
x 1% in. indicating
fuse.

Signal fuse block
No, 4178 for % x 1% in.
indicating fuse. ol

HKL panel mounted . :
lamp indicating, for % x 1% in.
fuses. i

SUPPLIED THE ECONOMICAL WAY . ..
THRU DISTRIBUTORS

“‘'See Us at Booth 4321 at the Wescon Show’’
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STATIC SHIFT REGISTERS — Very mod, very new, very reliable. AMI/MOS shift an IN Pnnn“c“nu

registers are available now, in quantity, at very low prices to make your system

very special in performance, price and predictability. Our Dual 100 plugs into NEW S}IIF I l
existing systems pin-for-pin. Both dynamic and static shift registers are avail-
able, to get you from DC to 10 MHz. For details, write, call, or better yet, hop FAMI ‘

a jet and visit our new production facility — America’s largest.

AMERICAN MICRO-SYSTEMS, INC.

3800 Homestead Road, Santa Clara, California 95051

Telephone 408-246-0330, TWX 910-338-0018
CUSTOM & STANDARD MOS ARRAYS/MEMORIES/REGISTERS/LOGIC
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IC Testing?

Microlest has canned it!

Revolutionary?
We don’t know what else to call it!
A fast, accurate Universal Digital IC Tester with a
built-in film strip projector. The IC circuit diagram, the test
specifications, and even the logic levels on each pin for the 16 functional
test sequences performed, are projected on the large front panel screen!

Operator-oriented? You bet! Just dial in the data on any of 15 ICs stored on the
film strip. Read the specified voltages for each pin. Then set the voltages precisely,
using the concealed front panel controls and the built-in digital voltmeter.

Now push the “go” button and zip through the automatically programmed
functional tests in less than 16 milliseconds.

A test failure? That's where the Microtest 100-D really shines! The
failure shows up as a light superimposed on the projected display.

Your operator instantly knows which test has failed, and
on what pin the failure has occurred!

Write for our new, colorful Brochure.

MicroTest Corporation 9000 Winnetka Avenue Northridge, Calif. 91324 Telephone (213) 341-0080
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DAM ON AN N O U N CES P A new 7-pole monolithic crystal filter line that surpasses

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

signs, but these take a little longer. Damon/
Electronics Division, 115 Fourth Ave., Need-
ham, Mass. 02194, Tel: (617) 449-0800.

= el'aition

“ ; e NO CASE “A” CASE “B”
STANDARD” 7-POLE MONOLITHIC CRYSTAL FILTERS et in 0060 cn. B
Model No. 6457MA 6457MB 6458MA 6458MB
oo 1,250 ——f ———l S800 j—
Y

Center Frequency: 10.7 MHz = .7 KHz 10.7 MHz = 1 KHz 21.4MHz = 0.7 KHz 21.4MHz = 1 KHz 350 T
Bandwidth, 3 dB: 6 KHz min. 15 KHz min. 6 KHz min. 15 KHz min, .“‘OL ] 1 250 |
Bandwidth, 60 dB: 18 KHz max. 40 KHz max. 18 KHz max. 45 KHz max. T -“—— -JL«
Ripple, Max.: 1d8 1d8 1dB 1dB M0 B oA
Insertion Loss, Max.: 6dB 6dB 6dB 6 dB
Spurious Returns: > 55 dB down > 50 dB down > 55 dB down > 50 dB down %o 003 BRASS
Terminations . ” » 3 T 4 $ 3l 673 b

(Resistive): 2.0 kilohms 5.1 kilohms 0.38 kilohms 1.3 kilohms 828 DY &4 “”Tf
Ultimate Atten.: 80 dB 70 dB 80 dB 70 dB | f G
Op. Temp. Range: 0°-60° C 0°-60° C 0°-60° C 0°-60° C 440
Case Size: L o, 4 “A" “g't

SEE THE SECOND GENERATION IN MONOLITHIC FILTERS AT WESCON - BOOTH 5206. © DAMON




Our new mini-computers have
built-in programmers.

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

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

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

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

Circle 46 on reader service card

without needing attention from the on-going program.

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

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

Scientific Data Systems,
El Segundo, California
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And now, aiming beyond the moon

Space stations and unmanned explorations of outer planets
are high on NASA's list of goals for the next decade

Even before it’s incredibly success-
ful Apollo 11 lunar mission had
splashed down, NASA moved to
capitalize on its new glory by dis-
closing plans to revitalize the
slipped Apollo Applications Pro-
gram with one major 1972 launch.
By combining the Apollo telescope
mount with its orbiting workshop
into a single spacecraft, the agency
not only encouraged industry in-
terests but provided an interim an-
swer to the question: What’s next?

Though the final answer will
come from the White House this
fall following submission of the re-
port of the President’s special
Space Task Group, NASA was pro-
moting a favorable judgment by
providing a public demonstration
of its flexibility as well as an ability
to economize on the battered
Apollo applications effort.

Double shot. Both the Apollo
telescope mount and the orbiting
workshop will ride the same Saturn
5 booster; they’ll be followed a
day later by astronauts in an
Apollo capsule. The astronauts
will spend 28 days initially in the
station, and an as yet unspecified
number of revisits—lasting up to
56 days—will follow. The concen-
trated Apollo applications mission
will use up NASA’s committed
manned-space money with the ex-
ception of a few lunar visits.

Meanwhile, NASA’s long-term fu-
ture is being assembled by the
President’s special group, which
has until September 1 to deliver
an outline on the proposed future
of the agency. Composed of strong
space advocates—Vice President
Agnew heads it with NASA admin-
istrator Thomas Paine, Presiden-
tial science adviser Lee DuBridge,
and Air Force Secretary Robert
Seamans as voting members—the
task group is expected to offer an
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Lunar labors

How did the lunar electronics perform during the Apollo 11 mission?
Pretty well, from all indications. For one thing, communications between
the lunar surface and earth worked so well that RCA’s umbrella an-
tenna, which was to be set up only if the signal needed boosting, wasn’t
even used.

However, when the astronauts—as instructed—switched the Lm’s radar
computer to its own power, the machine flashed its overload alarm. At
that critical point, the flight controllers in Houston came close to aborting
the lunar landing.

The jury still isn’t in on the experimental packages left by the astro-
nauts. The latest check of the passive seismic experiments package indi-
cates that it is still producing usable data; however, the temperature of
the unit was running high and its continued success was a day-to-day
proposition.

As for the laser ranging experiment, a positive response was achieved
by the Lick Observatory at Mt. Hamilton, Calif., but that was before
the astronauts left the moon. However, there have been few bounces
since, leading to speculation that the reflector may have fallen over, per-
haps when the lunar module took off. The next try will be made by the
McDonald Observatory at Ft. Davis, Texas, but not until the beginning
of the next lunar night, early in August. Currently, the part of the moon
where the reflector sits is moving into sunlight, causing enough noise
(in the form of light) to smother a laser signal.
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ambitious program for the next
decade. Adding to bullish pros-
pects for the report is the fact that
NASA “task forces” have put to-
gether chapters of the report.

According to those close to the
group, every attempt is being made
to give the President a balanced
report for him to use in charting
a new course in space.

So as not to catch Congress off
guard, members of the group’s
staff have been consulting with
members of key Congressional
committees on their recommenda-
tions. Nonetheless, the final deci-
sion on the contents of the report
lies with the President, who seems
to have Apollo fever himself. He
recently predicted that by the year
2,000 people from earth would
have visited “new worlds, where
there is a form of life.”

Sources in the White House say
that four major project areas are
being studied for the President’s
consideration. They are:

= Shuttle splurge. NASA would
like to go ahead with its concept
of a reusable manned space shuttle
which would be used in conjunc-
tion with orbiting stations as well
as on its own for earth resources,
orbital astronomy, research labo-
ratory, and manned lunar missions.
General Dynamics, Lockheed, Mc-
Donnell Douglas, and North Amer-
ican Rockwell will deliver parallel
studies in September. According
to another study, prepared by the
Institute for Defense Analysis, de-
velopment costs would run to
$2.14 billion—each vehicle would
run about $40 million in produc-
tion, and operating costs could run
as high as $1.5 billion.

Should a green light be given,
NASA feels it can schedule initia-
tion of final design and develop-
ment in early 1972 with initial
flight testing in 1974 and opera-
tions commencing in late 1975.
Much data has been given to the
space task group. And, both Air
Force Secretary Seamans and NASA
Administrator Paine are pushing
for the shuttle.

= Unmanned plunge. NASA plan-
ners would like to boost the rela-
tively low $200 million to $300 mil-
lion a year now being spent on
unmanned planetary exploration to
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the $800 million to $900 million-a-
year level by the mid-1970°s and
go over the billion-a-year level by
1980. (At the Office of Space Sci-
ence and Applications, planners
have discussed an idealized fiscal
1980 planetary budget which calls
for $800 million for the “outer”
planets and $400 million for the
“inner” planets.)

Two Grand Tour missions to the
outer planets, a Venus orbiter and
“buoyant probe” mission, ad-
vanced solar orbiters and probes,
several missions to Mercury, and
planetary sample expeditions are
among the ambitious lot of fly-bys,
probes, and orbiters hoped for in
the coming decade. The pacing
item for all of this will be approval
of the Grand Tour missions to the
outer planets. NASA Administrator
Paine and Presidential science ad-
viser DuBridge have both ex-
pressed strong interest in the plan.
Officials on the unmanned side at
NASA concede that their grandiose
plans will of necessity by tied to
comparable plans of their manned
counterparts. An historical point
often raised: the Surveyor pro-
gram was in financial trouble until
it got irrevocably tied to the then
emerging Apollo lunar-landing pro-
gram. '

= Space station spectacular. With
the Air Force’s manned orbiting
laboratory now off the boards and
the once mammoth Apollo Appli-
cations Program now neatly con-
solidated, the U.S. is sorely in need
of a grand manned scheme. NASA
is moving quickly on its proposed
national space station which it
would like to launch in 1975 for a
decade of operation [Electronics,
June 23, p. 149]. The project would
be costly and, in general, able to
keep the space program in good
health. Such a program would also
give NASA the experience and tech-
nology needed to get on with
manned interplanetary exploration
after the 1970’s. At present, it is
acknowledged to be the program
NASA would most like to get ap-
proval for in the next decade.

Not to be overlooked in assess-
ing the possibilities for the station
is that astronaut Frank Borman,
who heads a special task group at
NASA to boost the station concept,

has become a close associate of
the President.

= Applications additions. Cur-
rently, NASA is spending about
$250 million a year on unmanned
earth orbiting satellite programs.
NASA would like to gradually dou-
ble this total by the late 1970’s as
it initiates and broadens satellite
programs in meteorology, earth re-
sources, communications, engineer-
ing, broadcasting, and navigation
and traffic control. The least costly
of the possibilities, an expanded
applications program, probably
has the strongest chance.

Hello, moon

Compact. This is message disk for
Apollo 11. It carries 87 messages
at 1/200th size on a 1.5-inch

disk of pure silicon.

After the moon—what? For the
Sprague Electric Co. it could be
information storage and retrieval,
because when the firm got into the
Apollo program at the last minute,
it also may have gotten itself into
a new market.

It all started when NASA re-
quested messages from some 200
heads of state. The messages were
to be reduced in size and left at
Apollo 11’s lunar module landing
site. The usual vehicle for storing
large amounts of text in small vol-
ume is microfilm, but it was ap-
parent that microfilm wouldn’t be
able to withstand the radiation,
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heat, cold, and near total vacuum
of the moon’s surface.

Pass it on. NASA headquarters
gave the problem to its Electronics
Research Center in Cambridge,
Mass., which turned to Sprague.
Gene G. Mannella, the center’s di-
rector of advanced technology,
says it thought of Sprague because
the center wanted to utilize the
photo-reduction techniques inher-
ent in integrated circuit construc-
tion, though at the time Mannella
and others envisioned an etched
roll of metal foil as a space- and
weight-saving vehicle. With lunar
freight rates running at $22,000 to
$23,000 per pound, weight had to
be low.

Early in the course of a three-
week, $7,000 effort, Sprague sug-
gested that an etched silicon wafer
carry the messages. According to
Robert S. Pepper, Sprague’s direc-
tor of research, development, and
engineering, a text reduced several
hundred times and etched into a
silicon dioxide coating on a silicon
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substrate retains more than enough
detail clearly to delineate the cen-
ter of the loop in the letter “e”.
Steel or aluminum foil wouldn’t
have allowed such resolution (or
as much contrast) because their
surfaces are much rougher.

Pepper feels that no great tech-
nological breakthrough went into
the moon wafer; “We work here
daily with IC’s having geometries
in the micron range. By taking
added care, we have been able to
reduce printing almost the diffrac-
tion limit of the ultraviolet light
used to expose our photoresist
plates—at 400 times reduction, the
line widths approach 0.25 to 0.50
micron.”

Tough. Now Sprague feels it
may have a salable product. The
metal-packaged wafer sent to the
moon turns out to be impervious
to almost any wear and tear it
might normally encounter, includ-
ing fire and explosion, since sili-
con’s melting point is greater than
1,400°C.
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June’s production index climbed
to 147.1, up 2.2 points from the
revised May figure and up a
~ whopping 10.4 points from June
1968. Consumer production, how-
ever, was off slightly—0.6 point
—from the previous month. But
defense and industrial-commer-
cial production took up the slack
—defense rose 3.4 points, indus-
trial-commercial climbed 1.8.
The drop in consumer produc-
tion can be attributed, in part, to
a sales sag in May. Compared
with sales figures for May 1968,
distributor sales to dealers of
of colortv sets fell 16.19% and
black-and-white receiver sales
dropped 11.49%. Auto radios were
down 18.6% and home radios
were off 17.9%. Console phono-
graph sales, however, provided
a bright spot with a 9.5% in-
crease. Color sales for 1969’s
first five months were up 9.5%.
Uie for A ot "'°3'°"%:‘ e
ment. The base period, eq 100,
is the average of 1965 monthly output
for each of the three parts of the in-
dustry. Index numbers are expressed

as a percentage of the bau period.
Dah'si:dseasonally adjusted.

Not only is the silicon system
permanent but it packs data more
tightly than the best microfilm,
Sprague claims. A 1.5-inch-diam-
eter wafer recording typewritten
copy at 12 characters to the (orig-
inal size) inch and 60 lines per
page can hold about 600,000 words
at the 200:1 size reduction used
for the NASA disk. With 400:1 re-
duction, with thin wafers, and by
etching both sides of a wafer 7
mils thick, packing densities of
97.2 million words per cubic inch
are achievable, Sprague claims.

Thus a few hundred such disks
might be used to store corporate
records as a sort of poor man’s
Iron Mountain repository. Already,
a large insurance company is in-
terested in what Sprague is now
calling its Microperm process.

Coming up. Microperm records
are read with optical comparators
or microscopes. For fast optical
data retrieval, handling techniques
might be adapted from microfiche
systems. Electron-beam readout
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techniques might also be borrowed
since they're more easily compati-
ble with electronic data-processing
and executive information systems.

Pepper feels that electron beams
will probably be limited to the
readout of information. “While it’s
theoretically possible to make
higher resolution masks with elec-
tron-beam scanning, it doesn’t
look practical to me yet. I don’t
think the extra density would off-
set the extra cost and effort.”

Manufacturing

Masked marvel

“Should Microelectronic Process-
ing Be Done With Electron
Beams?” That’s the innocuous-
seeming title of a Wescon paper
to be given by Stephen Angello, a
consultant for the Westinghouse
Research Laboratories. The paper
could revolutionize semiconductor
masking operations.

William Hugle, president of Hu-
gle Industries, the Sunnyvale,
Calif., manufacturer of wafer-fab-
rication and semiconductor-assem-
bly equipment, believes a masking
machine incorporating the West-
inghouse technique “will replace
all the mask-making and masking
equipment that now exists.” Hugle
has an exclusive agreement to man-
ufacture and license the machine,
which means it also has the not-
too-easy task of making a produc-
tion machine out of the Westing-
house development. William Hugle
has guaranteed Westinghouse that
his firm will complete its portion
of the remaining development in
less than 18 months.

No light. Electron beam projec-
tion is employed in a vacuum tube
to transfer the mask image to a
silicon wafer up to 2 inches in di-
ameter. The mask is the photo-
cathode, and the wafer is the an-
ode. The wafer is coated with a
resist material that is sensitive
only to electrons and doesn’t re-
quire the usual yellow light.

Angello explains that the sim-
plest way to make the photocath-
ode is to evaporate titanium over
one face of a quartz window, trans-
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The means. This is a feasibility model
of the electron tube to be used with
electron-beam masking machine
developed by Westinghouse to be
built and sold by Hugle.

mitting ultraviolet light at 2,537
angstroms. The mask pattern is
etched into the titanium, leaving
etched openings where photoelec-
trons are to be emitted. The ti-
tanium is next oxidized, becoming
titanium dioxide—which is a good
absorbent of ultraviolet light at
2,537 A. Palladium 40 x 10—
meter thick is evaporated over the
cathode face, which now bears a
pattern of photo-emissive metal
that is precisely the integrated cir-
cuit geometry to be exposed on the
passivated wafer.

Ultraviolet light shines evenly
on the back of the quartz disk,
causing areas coated with palla-
dium to emit photoelectrons hav-
ing energy of a few tenths of an
electron volt. A 10-kilovolt electric
field, 100 microamperes per square
centimeter, speeds the electrons to
the anode; parallel to the projec-
tion tube axis a magnetic field of
1,060 gauss—generated by sole-
noids outside the tube—focuses
electrons from one cathode point
on a corresponding spot on the
anode.

Pow! The entire wafer can be
flooded with electron beams, ex-
posing all the resist, in only 1 or
2 seconds. Donald Pedrotti, Hu-
gle’s vice president for engineer-
ing, says the proprietary photore-
sist can’t be exposed by any kind

of light. A solvent, also proprietary,
dissolves any of the resist that has
been struck by electrons. The pho-
toemissive metal mask (cathode)
and wafer (anode) are 1 centimeter
apart in the 3-inch-diameter image
tube now used by Westinghouse.
The tube is pumped to a vacuum of
10—7 torr or less.

The mask is projected full size

-on the silicon wafer, eliminating

equipment and labor needed to
cut and strip ruby liths. Also un-
needed are the huge and expensive
cameras required to make an en-
larged mask at, say, 100 times ac-
tual size; step-and-repeat cameras;
and mask aligners. Mask aligners
alone can cost more than $14,000
each, and a large semiconductor
house can easily have as many as
10 of them.

William Hugle is understand-
ably uncertain about the price of a
machine that is possibly a year or
more from completion; he esti-
mates it will cost $150,000 to $250,-
000. But he points out that it could
save almost $150,000 in mask
aligners alone, plus another $150,-
000 for conventional mask-making
equipment. Pedrotti predicts the
electron-beam machine will cut
the masking operation to about 5
seconds from 1 or 2 minutes and
give better resolution—1 micron in-
stead of the 2 microns of today’s
best optical projection techniques.

Companies

Expanding Novas

The Data General Corp. has a
problem lots of companies would
suffer gladly: growing pains. Hav-
ing come up with what industry
pundits figure is a good small com-
puter, the Southboro, Mass., firm
has proved that the machine is
producable, and now sales are out-
stripping estimates.

The company moved from organ-
ization to product announcement in
only six months, and has moved
into production just as quickly.
Harvey P. Newquist, director of
manufacturing, says that the first
Nova computer was delivered in
February, and that almost 60 have
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16 CHANNEL ANALOG MULTIPLEXER

P. 0. Box 476, Lexington, Massachusetts 02173
Area Code 617, 862-1055
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The first LSI subsystem employing NPN's, PNP’s and J-FET's
in a monolithic structure.

« Bipolar signal handling range in excess of 20 volts

* Full military temperature range

* Lowest input leakage current

» Most versatile multiplexer with random access capability
* 16 channel
* Dual 8 channel
« Differential 8 channel

* Enable input for all channel blanking or address expansion

e TTL address decoding logic for TTL or DTL compatibility
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» Off-the-shelf delivery
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Wrapping it up. Back panel of Data General’s Nova computer
being wirewrapped. This is final step in chassis construction;
p-c boards are then plugged in and machine gets final check.

been shipped since. Production is
now running at about a machine
per day—and the rate is growing.

With 5,000 square feet of produc-
tion area now in use, Newquist al-
ready foresees overflowing an addi-
tional unfinished 20,000-square-foot
wing, and wants still another wing
of the same size as soon as he can
get it.

What happened. It seems that
Data General’s major premise—that
small computer sales were limited
by the industry’s ability to produce
—was correct.

Herbert ]J. Richman, marketing
vice president, at one time figured
that a list of 10 or 20 good cus-
tomers, mostly original equipment
manufacturers, would be a good
year’s work for calender 1969. As
of July 10, Data General had about
75, with 60% to 70% of them
OEM’s.

Last year, when Nova was intro-
duced, Data General spokemen
were quietly—optimistically, they
though—predicting sales of “maybe
200 machines in 1969.” Richman
now estimates that the figure will
be exceeded. Others in the com-
pany hint at more than 250 ma-
chines this year, and 1,500 to 2,000
in 1970.

Backlog now stands at about 800
Novas, and Richman expects it to
grow to about 1,500 by September
1970. Thus, it’s easy to see where
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the squeeze is—in production capa-
bility—and why Newquist wants
more space and people.

Salesmen. Several reasons are
cited for Data General’s fast
growth, but OEM sales are most
important. When you concentrate
on OEM sales, “it’s as if you em-
ployed a marketing organization
eager to pay for the risk and over-
head of selling your product,” says
Allen Z. Kluchman, marketing di-
rector.

Kluchman foresees OEM’s ac-
counting for at least half the small-
computer business for the next
three years or so, and adds that
demand will continue to exceed
supply during that same three-year
period.

In agreement, Richman predicts
a “nearly exponential sales growth
rate through the end of 1970 at
least.” Richman is even altering his
sales technique to prevent possible
cash flow problems. “We're now
demanding at least a 20% sched-
uled release on any large order. A
firm ordering 100 machines had
better be ready to apply the first 20
on time. We do not play banker
—we want shipments and profits—
cash flow, not backlog.”

Sailing. But Data General al-
ready has bigger plans based on
eventually going public. First
priority is production development.
But simultaneously, Richman plans

to expand his overseas sales organi-
zation.

The company is already selling
in Australia through an agreement
with Fairchild, which acts as an
OEM. Because of what Richman
calls excellent sales in Canada, the
firm plans to open an office there.

Data General may open offices in
Common Market territory early
next year. Until now, Richman has
tried to stay out of Europe because
of the difficulty of product support.
He attributes much of the com-
pany’s stateside sales success to
such support.

Finally, the company already is
budgeting for new product de-
velopment. Data General’s upcom-
ing computer must be the worst
kept corporate secret around,
though no details about its capa-
bilities or availability are given.
Spokesmen say only that the new
machine is to be a prestige model
—and its code name, naturally, is
“Supernova.”

Computers

3-D guidance

Even before they deliver a devel-
opment model of an air-to-surface
missile guidance computer that’s
to cost no more than $2,500 in pro-
duction [Electronics, Nov. 25, 1968,
p. 52], engineers at Bunker-Ramo’s
Defense Systems division have con-
vinced their sponsor to consider a
three-dimensional coaxial intercon-
nection scheme for a preproduction
version of the computer. The
scheme would shrink the computer
from 220 cubic inches to 67 cubic
inches, and, because it could be
batch fabricated, cut the price.
The sponsor is the Avionics lab-
oratory at Wright-Patterson Air
Force Base. Albert Goldstein, man-
ager of Bunker-Ramo’s data equip-
ment department, says the com-
puter probably would be mech-
anized with the same kind of
medium-scale integrated metal ox-
ide semiconductors it’s getting
from General Instrument. The IC’s
are being mounted on four double-
sided circuit boards for the present
version of the computer, which is
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OFFSET
ADJUST

« The highest speed fully compensated-stable at unity
gain-Op Amp available today

* Full military temperature range

* Complies with MIL-STD-883

* Off-the-shelf delivery

RA-2510 RA-2500
« Slew Rate (at unity gain) 50v/us min. *25v/us min.
* Gain 15000 35000
* Large Signal Bandwidth 500 KHz 200 KHz
* Gain Bandwidth 15 mHz 15 mHz
¢ QOffset Current 20 nA 20 nA
* Qffset Voltage 2mV 2myV
* Qutput Current +20mA +20mA

* Input Impedance

50 megohms 25 megohms

You get the BEST IC for the job from Radiation’s fast
expanding linear line.

RADIATION
INCORPORATED

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
DIVISION
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Exploded. Intended for
missile computer, arithmetic
unit uses coaxial 3-D
interconnection plan.

to be delivered to the Avionics lab
next month.

Four chips. The associated bits
of five different registers, and the
associated logic to transfer signals
among them, are put on one kind
of chip. In addition, there is a full
adder chip, a carry chip, and a
central chip providing all the func-
tions needed in the central part of
the processor to interpret the in-
struction logic. The four will be
carried over to the preproduction
version, if it is funded; but the big
change is in packaging, which has
been in laboratory development at
Bunker-Ramo for more than three
years.

Howard Parks, director of the
lab, won’t discuss all the details of
the 3-D coaxial scheme, but he’s
quick to point out that the inter-
connection method has been used
previously to build a functioning
65-megahertz pseudo-random code
generator.

Three basic wafers, thin slices of
beryllium copper, are stacked to
form the interconnection sand-
wich: a component wafer, bearing
the MSI arrays, an interconnection
wafer providing x-y plane inter-
connects, and a z-axis connector
screen. The component wafer is
made of three thinner wafers: a
component mount wafer, a special
connector screen, and a filler wafer.
The last two have cutouts to ac-
commodate the height of the pack-
age housing the array of wafers
and interconnections.

This ceramic package replaces
the conventional flatpack. Bunker-
Ramo designed it with solder
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bumps on the bottom, and it’s
joined to the component mount
slice of the component wafer by
using reflow soldering. The com-
ponent wafer, itself, has no inter-
connection between arrays. The 44
leads from the MOS die are fanned
outside the periphery of the ce-
ramic housing to points where they
can be picked up by z-axis “slugs”
in the connector screen and fed to
the interconnection wafer in its
sandwich.

Thar’s gold. Connector screens,
placed on both sides of the three-
layer component wafer, are fitted
with gold bumps on the outside
surface to provide the z-axis inter-
connection. These screens provide
400 pin connections in just 1/100
cubic inch. Interconnection wafers
are then added to the sandwich
and come in contact with the gold
bumps on the connector screens.
The interconnection wafer contains
one or more levels of coaxial wir-
ing—but no active components—
providing the x-y plane intercon-
nections in a manner similar to that
used in multilayer boards. When
the three basic wafers are pressed
together, the ductile-gold bumps
do their job and make the z-axis
interconnections.

The processor portion of the
computer in the mockup includes
54 MOS arrays on six component
wafers; two more component wa-
fers are used—one for the com-
puter’s hybrid-clock circuitry and
one for the conventional IC’s that
provide the interface between the
high-threshold MOS arrays and
transistor-transistor logic outside
the processor. There are eight in-
terconnection wafers and 16 con-
nector screens, one of which goes
to the outside world. This 32-wafer
stack forms the processor for the
computer.

The input/output section needs
a separate stack. Both it and the
2,048-word plated-wire memory
Bunker-Ramo is suggesting for the
computer can use the 3-D planar
coaxial interconnect method. Gold-
stein says the complete systems—
processor, I/O and memory, all
joined to a motherboard for con-
nection to the outside world—can
be housed in the sharply reduced
space of just 67 cubic inches.

Avionics

L-1011’s flight plan

The problem: give buyers of the
Lockheed L-1011 airbus the option
of utilizing almost any existing
form of navigation. The solution:
use a modular system that, in its
simplest form, will handle en route
and terminal area navigation while,
in its most complex form, providing
both area and long-range inertial
navigation. = Lockheed-California
reportedly is nearing a decision as
to what firm will develop the sys-
tem [Electronics, July 7, p. 33].

The L-1011 will be wired to ac-
cept any of three modules, as op-
tional equipment, coupled to the
autopilot. The simplest version will
have dual general-purpose digital
computers with a total memory of
from 6,000 to 8,000 words. Pri-
marily for overland flights, this ver-
sion will have, in addition to the
computers, dual controls and dis-
plays, and dual data-storage units
into which en route VOR/DME
(very-high frequency omnirange/
distance-measuring equipment)
station data can be entered on
punched cards or magnetic tape,
depending on customer needs.

Fancy. The most sophisticated
version will employ three ad-
vanced heading and attitude sens-
ors—inertial platforms with their
associated computers that “close
the Schuler loop,” says Wright—
plus the two area-navigation com-
puters. The platform computers
will provide latitude and longitude,
velocity, and drift angle (the differ-
ence between the aircraft’s heading
and the ground track) data.

Expected to be priced at about
$100,000, this version will provide
long-range transocean inertial nav-
igation plus area navigation
cheaper than today’s usual triple
set of Arinc Characteristic 561 in-
ertial naviagtion systems, accord-
ing to Wright. Arinc 561 inertial
systems don’t handle area naviga-
tion.

A third version has two advanced
inertial platforms (sensors of the
HAS-2 type) and two area-naviga-
tion computers. Primarily for short
overwater flights that are out of
VOR station range, this version will
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RA2600

OFFSET
ADJUST

=V

Input Current = 3 nA

Input Impedance = 50 megohms

Slew Rate (at unity gain) = *5v/us

Gain = 200,000

Gain Bandwidth = 12 mHz

Short Circuit Protected

Fully compensated (stable at unity gain)
Full military temperature range
Complies with MIL-STD-883
Off-the-shelf delivery

You get the BEST IC for the job from Radiation’s fast
expanding linear line.

RADIATION

INCORPORATED

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION
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Low cost,
component-

test system

Choice of tape or
computer control

The Birtcher

ponent Test System automatically
tests multiple lead components and
circuits from simple IC’s to over 200
lead logic cards, MSI, LSI units.
Modular design allows flexible test
applications providing a system that
is never obsolete.

Tape control features basic go/no go
production wafer probing plus in-
coming and final inspection testing
capabilities.

Computer control is ideal for process
control, sorting and high reliability
testing. Displayed at Wescon Booths
3104, 3105, 3224 and 3225.

the BIRTCHER
CORPORATION

INSTRUMENT DIVISION

1200 Monterey Pass Road
Monterey Park, California 91754
(213) 264-6610

Free 16 page descriptive
brochure on request.
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enable the L-1011 to receive atti-
tude reference of an inertial-grade
system. Area navigation here is a
bonus. Presently, aircraft on such
flights use vertical and directional
gyros in addition to Loran-position
fixing.

Ground decision. Readers will
feed VOR/DME data to the com-
puters before takeoff. The terminal-
flight plan will include any of the
six to eight standard approach pat-
terns now used at domestic air-
ports, and won’t be called up until
the crew has been informed about
terminal navigation conditions by
the ground controller, who will
also select which of the approaches
is to be used.

Standard hold points are used in
congested terminal areas; those
hold points can be preprogramed
so that the plane will automatically
hold at the waypoint. Or, the pilot
can load the latitude and longitude
of a hold point manually and orbit
there until a controller orders him
to resume his preloaded course.

Lockheed will offer three fea-
tures as plus-in options: vertical
guidance, automatic VOR/DME
tuning, and a map display inter-
face—although a moving map or
cathode-ray tube display won’t be
provided initially in the L-1011.
Vertical guidance is essentially
computer control of letdowns from
a preprogramed point to the next
preset point. Automatic VOR/DME
tuning will ease the crew’s work-
load, particularly in terminal areas,
by eliminating manual tuning.

Other options will permit inputs
from such hyperbolic-navigation
systems as loran, Omega, and
Decca, and provision for linking to
a two-way digital data link between
the L-1011’s navigation computer
and a ground-control computer so
that location information from the
aircraft can be verified on the
ground and digital commands sent
back.

Up to 500. According to Frank
Wright, department manager for
system integration, the modular
system in any of three versions
planned will accommodate up to
500 VOR/DME station locations and
up to 500 waypoints. Heading and
distance to VOR stations, plus the
L-1011’s altitude over the check-

points and its times of arrival, can
be programed into the data storage
unit, and filed with air traffic con-
trollers.

Government
Keeping in touch

Despite John F. Kennedy’s 1963
order calling for creation of a Na-
tional Communications System
(NCS), no one ever plugged the pro-
gram in. To the contrary, there has
been a “perpetuation” and “pro-
liferation” of separate networks for
accomplishment of “individual
agency missions,” according to the
General Accounting Office (GAO).
Thus the Congressional watchdog
of federal spending says the time
has come to make NCS a reality,
taking away authority for the pro-
gram from the Defense Communi-
cations Agency, with its conflicting
interests, and turning it over to a
restructured and  strengthened
White House Office of Telecom-
munications Management (OTM).

At stake are an estimated $3 bil-
lion in annual Federal outlays for
“a wide variety of communications
equipment, research, development,
and services” exclusive of another
billion spent on nonconventional
systems such as those inside weap-
ons. Of the total, about $1 billion
goes for long-distance communica-
tions—principal area of NCS in-
volvement—plus another $2 billion
for specialized systems such as
those used by NASA and the De-
fense Department.

Good timing. The GAO always
has had a good sense of timing.
At a time when Pentagon power is
under attack from all sides, the
GAO urges it be stripped of NCS
responsibility;  when  Federal
spending cuts are being called for,
the accountants see potential econ-
omies in consolidating Federal
communications; and just as James
D. O’Connell is about to retire as
OTM director, a reorganization and
strengthening of his office is rec-
ommended.

The resurgent interest in U.S.
communications  interconnection
during national emergencies was
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SHIELDED
TWISTED PAIR

* 10 Party-Line Receivers driven by a line transmitter

* Balanced current mode eliminates switching transients
« Extremely low power consumption

« 3 circuits per package

» No standby power required for idle circuits

» Compatible with TTL and DTL

« Full military temperature range

« Complies with MIL-STD-883

 Off-the-shelf delivery

You get the BEST IC for the job from Radiation's fast
expanding linear line.

RADIATION
INC R PORATELD

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
HNCS DIVISION

See us at WESCON /69!
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If you don’t
find it here,
give us a call.

SILICON
RECTIFIERS

Ask about our many
types of custom
rectifiers and rectifier
assemblies.

FULL WAVE BRIDGE RECTIFIERS*
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spurred by the Pueblo disaster,
when the system failed at nearly
every level. In fact, the President
learned of the seizure only after
the ship was already in a North
Korean port. That foul-up demon-
strated to Congress that communi-
cations capabilities had not been
significantly improved since the
1962 Cuban missile crisis—
which prompted the call for crea-
tion of NCS. Implied in the GAO
assessment is that Kennedy erred
in naming his trusted defense sec-
retary, Robert McNamara, as ex-
ecutive agent for NCS and nam-
ing the Defense Communications
Agency as manager.

One of the first jobs of the NCS,
for example, was to have been uni-
fication of civil and military
weather-data communications sys-
tems. Despite a recommendation in
November 1963 for development
of a digital, automatic weather and
warning-to-airmen system, McNa-
mara’s office delayed the program
a full year by ordering further
studies. “As a result,” contends
GAO, “interim improvement pro-
grams of the FAA, Air Force, Navy,
and the Weather Bureau increased
in scope to the extent that estab-
lishment of a single system . . .
as originally proposed . .. was no
longer desirable.” The judgment:
a Pentagon failure since “separate
weather networks continue to be
operated by the various Federal
agencies.”

Busy signal. Again, the Pentagon
set up its own Defense Telephone
Service for its Washington, D.C.,,
outgoing calls—an operation with
some 37,000 working lines and 87,-
000 extensions in 178 buildings—
rather than employ the facilities
of the nonmilitary Federal Tele-
communications Service operated
by the General Services Adminis-
tration. A later analysis of the
Pentagon phone operation showed
that approximately 1,000 overflow
calls were being routed over com-
mercial lines in busy periods,
rather than over the nonmilitary
system. Then should the Pentagon
automatic voice network (Autovon)
be interconnected with the non-
military system? An answer was
sought by including the question
in an AT&T study for the Defense

Communications Agency, manager
for NCS. The General Services Ad-
ministration believes such an in-
tegration could save “millions of
dollars a year,” but adds that de-
fects in the AT&T study plus a
broadening of its scope are post-
poning a decision.

One of the most important spe-
cific issues still to be decided is
the Kennedy Administration con-
cept of NCS as an integrated trunk
line system for nonsecure commu-
nications—“long haul, point-to-
point communications which can
serve one or more agencies.” Such
an integration effort was agreed to
last year by 10 of the 11 participat-
ing agencies. The lone dissenter:
the Defense Department.

Fresh approach. Since the major
dissent to a National Communica-
tions System came from its man-
ager, it is not surprising that the
GAO now recommends a fresh ap-
proach to any interconnection of
Federal communications—a look
embracing the Atomic Energy
Commission, FAA, State Depart-
ment, NASA, Veterans Administra-
tion, and others beyond the De-
fense and General Services Admin-
istration systems.

In addition, GAO suggests that
the Office of Telecommunications
Management be upgraded in
budget, stature, and responsibility
and made responsible for NCS. One
step would be to take the system
out of the Office of Emergency
Preparedness, and quadruple its
budget to $12 million.

If the Nixon Administration buys
the recommendation, as it now
seems likely to do, this would
mean another boost in the power
of the Executive branch. Yet com-
munications specialists believe that
this compromise must be made to
achieve a working National Com-
munications System.

For the record

Digital torquerer. A prototype
automated console that uses digi-
tal techniques for ground checkout
of inertial instrumentation is being
produced for the Air Force by the
Autonetics division of North Amer-
ican Rockwell. Greater precision in
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 Dual type D Flip-Flop
¢ Quad 2-Input NAND Gate
* Dual 2-Input AND-OR INVERT Gate
* Dual 4-Input NAND Gate
* Quad 2-Input AND—-OR INVERT Gate
* Two orders of magnitude more resistant to radiation
environment
e Dielectrically isolated
e Thin film resistors
 Optimized device geometries
e Low Z mono-metallic metalization system
Aluminum interconnect
Aluminum die attach
Aluminum wire bond
Aluminum package posts
» Compatible with 930 Hardened DTL product line
« Full military temperature range
« Complies with MIL-STD-883
o Dff-the-shelf delivery

You get the BEST IC for the job from Radiation's fast
expanding hardened circuit line.
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Electronic slide rule
with 11-digit accuracy

-« @nd a memory too

Wipe out all tediousness from
technical, statistical and invest-
ment computations with the Wang
360 electronic calculator. Time
consuming table look-up and in-
terpolation is a thing of the past.
Wang’s unique approach to data
manipulation enables you to
generate /X, x?, Log.x and e*
functions by simple key strokes.
Instantaneous answers are dis-
played in large easy-to-read nu-
merals with ten significant digits
and self positioning decimal (you
can specify a special trig key-
board if you need sin 6, cos 6,
sin -'x and tan -'x).

A special feature of the Wang
360 is its “scratch pad” memory

You can produce logs
and exponents instantly
by simply touching

a key on the Wang 360.

system. Four extra storage reg-
isters hold constants, interme-
diate answers, or multiple results,
for recall as you need them.

Wang’s building block ap-
proach gives you add-on capa-
bility for hard copy printout, card
programming, and expansion into
the powerful 370 programmable
computing sub-system.

For greatest economy, up to 4
keyboards operate concurrently
from a briefcase-size electronics
package. Cost of Model 360 is
then as low as $1497.50 per sta-
tion and Model 320 (without extra
registers) $1282.50 per station.

Call your nearest Wang Office.

&=WANG

LABORATORIES, INC.

Dept. 8H, 836 North St., Tewksbury, Massachusetts 01876 * Tel. 617 851-7311

Call today!

(201) 272-7160 (301) 588-3711
(203) 288-8481 (301) 821-8212

(206) 525-2000 (304) 344-9431
(212) 682-5921 (305) 563-8458
(213) 776-2985 (305) 841-3691
(214) 361-7156 (309) 674-8931
(215) 642-4321

(314) 727-0256 (505) 255-5775 (614) 488-9753
(315) 463-9770 (512) 454-4324 (615) 523-8648
(205) 881-5360 (303) 364-7361 (317) 631-0909
(404) 633-6327
(412) 366-1906 (516) 437-2500 (617) 542-7160 (813) 872-7347
(414) 442-0160
(415) 692-0584 (518) 463-8877
(312) 297-4323 (502) 426-1116 (601) 982-1721
(216) 333-6611 (313) 352-2144 (504) 729-6858 (608) 255-4411 (713) 668-0275

(612) 881-5324  (714) 276-8464
(716) 381-5440
(717) 236-4782
(805) 962-6112

(513) 531-2729 (616) 454-4212
(808) 536-5359

(515) 288-5991 (617) 851-7311

(816) 444-8388
(817) 834-1433
(918) 747-0018
(919) 272-5683

(517) 835-7300 (702) 322-4692
(703) 595-6777
(703) 359-6320
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torquing inertial instruments is
achieved by using a d-c square
wave instead of a d-c current. Each
half of a 50 cycles-per-second
square wave, for example, is di-
vided into 100 positive and 100
negative pulses, which can be var-
ied in one-pulse increments. This
permits the operator to take a sur-
plus pulse from the positive side
of the cycle and put it on the neg-
ative side. The pulse increments
let him know, with great accuracy,
how much current is being fed into
the torquerers. An up/down digital
counter with a variable time base
was designed by the Itron Corp. to
count the positive and negative
pulses, and indicate the net puls-
ing. The use of digital techniques
is said to eliminate hysteresis and
drift associated with d-c current
analog devices ordinarily used for
torquing, and permits greater reso-
lution.

Battle’s over. The FCC has ruled
that “urgent national require-
ments” warrant a crash program
to complete a satellite communica-
tions earth station on Guam by
November 1. Thus has the FCC
settled the “Battle of Guam” in
favor of RCA Global Communica-
tions and two .other carriers de-
spite the Communications Satellite
Corp.’s opposition to the increased
costs that will result—an increase
it must share as half owner of the
facility. RCA’s teammates are ITT
and Western Union:

Miss Bell to you. Newest AT&T
tack to alter its somewhat rigid
image is a series of “lively, lilting”
radio commercials aimed at col-
lege students “to show that Miss
Bell is where it’s happening” and,
of course, recruit a few kids in the
process. Divorcing Ma Bell from
the mother image will never re-
store her virginity, yet the com-
pany is encouraged by the campus
radio station tests and their poten-
tial for swaying the “intellectual”
40% of the body collegiate which
Miss Bell defines as largely liberal
arts students who “are in college
for more than a ticket to a good
job” and “frequently lack the de-
sire to understand our communica-
tions business.”
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BUFFER
CONTROL

« The first application of linear and digital technology in one
monolithic subsystem
» The RA-2540 system in a single chip performs the functions
of a hardened differential amplifier and a hardened
voltage comparator
« 1 mv signal sensitivity in high noise environment
« 10 ns access time
« Internal D.C. restoration
« Selectable dual channel
« Hardened
Photo current compensation
Dielectric isolation
Thin film resistors
Advanced device design
* Complies with MIL-STD-883
e Off-the-shelf delivery

You get the BEST IC for the job from Radiation’s fast
expanding hardened digital line.
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are better than ever: The Beckman 6155 Counter/Timer
is now automatic to 525 MHz.

Beckman brings you a brand new plug-in addi-
tion to its counter...the Model 606 Prescaler for
automatic counting to 525 MHz. No knobs to
turn; no dial numbers to add. Results are read
directly on the 6155’s display, with direct BCD
output of the total count.

If you buy a “plug-in” counter because you
need expandability, today or tomorrow, Beck-
man offers a complete line of plug-ins today—
and continues to provide new expandables for
tomorrow’s needs.

For complete information, contact your local
Beckman office, sales representative or the
factory direct.

Specifications

Model 6155 Measurement Modes: Frequency: 100 MHz (to 12.4
GHz with optional plug-in). Period: To 100 ns (to 1 ns or 10 ns
with optional plug-in). Multiple Period Averages: 1 to 10° in
decade steps. Ratio: X/Y with X = 0 to 100 MHz and Y = 0 to
greater than 1 MHz, Pulse Width & Separation: (To 1 ns or 10 ns
with optional plug-in). Voltage & Current: (Optional plug-in).
Scaling: By decades up to 10°. Crystal Frequency: 1 MHz.
Stability: Better than 3 parts in 10° per 24 hours. (5 parts in 10"
per 24 hours optional). Output Frequencies: 0.1 Hz to 10 MHz in
decade steps selected by front-panel TIME BASE selector. External
Frequency: 1 MHz, 1V rms into 1000 ohms required at rear-panel
BNC connector. D:splay 8 inline digits of glow-tube display, 9th
digit optional. Signal (X input) Sensitivity: 100 mV rms. Digital
Output: Fourline, 1-2-4-8 BCD output at rear panel. Output com-
patible with Beckman 1453 Digital Printer. Power: 115 /230 Vac,
50 to 400 Hz, 80 W. Size: 5% in. high, 16% in. wide, 19 in. deep.
Weight: 30 1bs. Price: $2,450.

Model 606 Frequency Range: 1 MHz to 525 MHz. Sensitivity:
50 mV rms. 10 Volts rms (max.) or 50 Volts Peak. Impedance:
50 @. VSWR: < 1.2. Price: $525.

Beckman 8 INSTRUMENTS, INC.

ELECTRONIC INSTRUMENTS DIVISION
RICHMOND, CALIFORNIA « 94804

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN; GENEVA; GLENROTHES, SCOTLAND; LONDON; MEXICO CITY; MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA
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The complete Sodr-x-traction system ¢

PACE's New Sodr-X-Traction System
removes any soldered-in part without
damage, including those previously
thought to be impossible to remove.

The System provides Three
distinct Modes of Operation in a
variety of combinations. Pressure,
Vacuum, or Hot Air Jet is applied
through the heated tip for a controlled
interval allowing parts to be removed
cleanly and efficiently.

The System solves rework
problems dealing with: MICRO-MIN «
Matrices « Multi-Layer « C.P.C.'s *I.C.'s
* D.LP.'s * Flat Packs * TO-Cans * Axial
Lead Parts * Connectors * Terminals
» Clinched and Unclinched Leads »

* Multi-Pin Packs * Lap Joints * Thru-
Hole Joints » etc.

Perform all Sodr-X-Traction and
part replacement with one
integrated system.

* Controlled Heating capacities
to 1000 °F

* Variable Temperature, Pressure,
Vacuum, and Flow

* Self-Contained Portable Bench
Top Package

* Power Sequences Variable
and Controllable

* Quick-Connect Features

In-Line and Co-Axial Design Provides:

* Versatile access to workpiece

* Easily observable work action

* Non-Jamming path for clipped leads
and molten solder

*  Minimum Thermal Profile

* Balanced "Pencil-Like"
Construction

* Precise positioning and
manipulation

» Easy one-hand operation and
familiar feel

Solve your critical rework problems
with the New Sodr-X-Traction System.
Call or write for more information.

PACE

INCORPORATED 9337 Fraser St. Silver Spring, Maryland 20910 (301) 587-1696

Technology, Systems and Training for Rework, Repair, Modification and Experimentation
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Introducing the Intel Schottky Process Model 3101 Bipolar Scratch Pad Memory. 64 bits—16 x 4/fully decoded
/50 nanoseconds access time/OR-tie capability/simple memory expansion through chip select input/6 milli-
watts per bit power dissipation/16 lead D.I.P.

If you are interested in a winner, too, call your
nearest Intel distributor.

Intel LS| memory circuits are available
from 40 outlets throughout the United
States and Canada. Call yourlocal Intel
distributor, Cramer Electronics or Hamilton
Electro Sales, for instant service. If it is
more convenient, you may write or call us
collect (415-961-8080).

INTEL CORPORATION, 365 Middlefield Road, Mountain View, California 94040/ (415) 969-1670/Telex INTEL 34-8366
Regional Offices: 1741 Pitcairn, Costa Mesa, California 92626/ (714) 545-8541
P.O. Box 206, Andover, Massachusetts 01810/(617) 536-0700
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Intel LS| memory circuits now available
through our fine distributors,
Cramer Electronics and Hamilton Electro Sales.

To place an order or obtain more information, call the most convenient office
listed below. If it is easier, you may write or phone us collect (415) 961-8080.

ALABAMA
ARIZONA

CALIFORNIA

COLORADO

CONNECTICUT

FLORIDA

GEORGIA
ILLINOIS
MARYLAND

MASSACHUSETTS

MINNESOTA

MISSOURI
NEW JERSEY

NEW MEXICO
NEW YORK

NO. CAROLINA

OHIO
TEXAS

UTAH
WASHINGTON

CANADA

In

Huntsville
Phoenix
Tempe
Culver City
Glendale
Mountain View
Redwood City
San Diego
San Diego
Denver
Englewood
North Haven

Ft. Lauderdale
Orlando
Atlanta
Addison
Baltimore
Baltimore
College Park
Rockville
Newton
Bloomington

Hazelwood
Cedar Grove
Cherry Hill
Pennsauken

Albuquerque
Elmhurst
Rochester
Syracuse
Syracuse
Greensboro
Raleigh
Cincinnati
Dallas
Houston

Salt Lake City
Seattle

Cramer Electronics, 222 N. Memorial Parkway (205) 536-4493
Hamilton Electro Sales, 1741 North 28th Avenue (602) 272-2601
Hyer-Cramer Electronics, 3300 S. Mill (602) 967-8786

Hamilton Electro Sales, 10912 W. Washington Blvd. (213) 871-0404
R & C Cramer Electronics, 608 Sonora Avenue (213) 243-6224
Hamilton Electro Sales, 340 E. Middlefield Road (415) 961-7000
Cramer Electronics, 695 Veterans Blvd. (415) 365-4000

Hamilton Electro Sales, 5567 Kearny Villa Road (714) 279-2421

R & C Cramer Electronics, 7969 Engineer Road (714) 279-6300
Hamilton Electro Sales, 1400 West 46th Avenue (303) 433-8551
Hyer-Cramer Electronics, 7895 E. Prentice Avenue (303) 771-5285

Cramer Electronics, 35 Dodge Avenue, Wharton Brook Industrial
Center (203) 239-5641

Cramer Electronics, 4141 N. E. 6th Avenue (305) 566-7511
Hamilton Electro Sales, 419 27th Street (305) 241-5461

Cramer Electronics, 3130 Marjan Drive (404) 451-5421

Hamilton Electro Sales, 920 S. Westwood Avenue (312) 543-8594
Cramer Baltimore Inc., 922-24 Patapsco Avenue (301) 354-0100
Hamilton Electro Sales, 8809 Satyr Hill Road (301) 668-4900
Hamilton Electro Sales, 4915 Niagara Road (301) 935-5600
Cramer Electronics, 692 Lofstrand Lane (301) 424-2700

Cramer Electronics, 320 Needham Street (617) 969-7700

Cramer Electronics, 8053 Bloomington Freeway, Suite 105
(612) 881-8678

Hamilton Electro Sales, 400 Brookes Lane (314) 731-1144

Hamilton Electro Sales, 220 Little Falls Road (201) 239-0800

Hamilton Electro Sales, 1608 Marlton Pike (609) 662-9337

Cramer Electronics, 7300 Route 130 North, Industrial Center, Bldg. 2
(609) 662-5061

Hyer-Cramer Electronics, 130 Alvarado, N. E. (505) 265-5767

Cramer Electronics, 96-10 23rd Avenue (212) 479-1380

Cramer Eastern Inc., 3259 Winton Road South (716) 275-0300

Cramer Eastern Inc., Pickard Blvd., E. Molloy Road (315) 455-6641

Hamilton Electro Sales, 222 Boss Road (315) 437-2641

Hamilton Electro Sales, 1023 E. Wendover Avenue (919) 275-9969

Cramer Electronics, 3331 North Blvd. (919) 832-6441

Cramer Electronics, 666 Redna Terrace (513) 771-6441

Hamilton Electro Sales, 2344 Irving Blvd. (214) 638-0900
Hamilton Electro Sales, 1216 West Clay (713) 526-4661
Hyer-Cramer Electronics, 1425 S. 2nd West (801) 487-3681

Hamilton Electro of the Pacific Northwest, 2320 Sixth Avenue
(206) 624-5930

Toronto, Ontario Cramer Electronics, 3077 Bathurst Street (416) 789-1937

INTEL CORPORATION, 365 Middlefield Road, Mountain View, California 94040/ (415) 969-1670/Telex INTEL 34-8366
Regional Offices: 1741 Pitcairn, Costa Mesa, California 92626/ (714) 545-8541
P.O. Box 206, Andover, Massachusetts 01810/(617) 536-0700
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ITS SUPERFLEXIBLE

Sew kind

O
HELIAX®

Copper coaxial cable
with a new deeper
corrugation. Greater flexibility
and strength. Use almost anywhere.
Repeatedly. And the outer conductor is
solid copper. No braids. No noise. No RFI.
Moisture can’t penetrate. Available in %", 50 ohm,
foam dielectric, Type FSJ4-50. Connectors, Type N

or GR-874. Like a sample? Communicate with Andrew.

“ ANDREW

CONTACT THE NEAREST ANDREW OFFICE OR ANDREW CORPORATION, 10500 W. 153rd STREET, ORLAND PARK, ILLINOIS 60462
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Philco to get DCA
all-digital net award

NASA to fill
five top slots

White House
wants civilian
for OTM post

Electronics | August 4, 1969

Washington Newsletter

August 4, 1969

Philco-Ford is about to be named winner of a two-part study for an
all-digital defense communications system for the Defense Communi-
cations Agency (DCA). Teamed with IBM’s Federal Systems division,
Gaithersburg, Md., Philco will define under the first phase the require-
ments for what insiders call “the ideal system for the late 1970%s.”

In the second phase of the program, the team will identify the research,
development, and hardware required to achieve the all-digital network
by a process of evolution. The $934,000 competitive contract gives the
Philco-Ford/IBM team an inside track on future procurement, which
could turn out to be one of the largest communications pacts ever made
by the Defense Department.

Among the losers: AT&T, RCA, Sylvania, Honeywell, and Communi-
cations & Systems Inc. AT&T promoted the study within the DCA but
wanted to do it on a sole source basis—an approach the Pentagon is
reluctant to take in these sensitive times for military spending.

NASA is expected to get around to filling five of its top spots, including
the Number 2 job of deputy administrator, now that things are settling
down following the successful Apollo 11 mission. A sixth slot—that of
Apollo program director—will also need filling soon when Lt. Gen. Samuel
C. Phillips returns to military service.

Though NASA administrator Thomas O. Paine and others have been
interviewing potential candidates, the buildup to the lunar mission has
prevented any final selections. Indeed, the agency is reportedly still
awaiting receipt of a list of politically acceptable appointees.

In addition to deputy administrator, the following NASA adminis-
trator jobs are open: Offices of Industry Affairs, Advanced Research &
Technology, Organization and Management, and Technology Utilization.

The Nixon administration, according to authoritative sources, has defi-
nitely decided that it wants a civilian to succeed Gen. James D. O’Connell
(USA-Ret.) as director of the White House Office of Telecommunications
Management. In effect, the decision automatically rules out such highly-
touted contenders for the job as Philco Ford’s senior scientist Charles C.
Mack, a retired Army colonel [Electronics, June 9, p. 76], as well as the
more recently mentioned retired Lt. Gen. Harold Grant, who is now
director of telecommunications policy in the Office of the Assistant
Secretary of Defense. Also reported to be no longer in contention is
Washington consultant Fred W. Morris.

Speculation on industry candidates for OTM now centers around
General Electric’s Richard P. Gifford, chairman of the comprehensive
and highly-regarded spectrum engineering study put out last year by the
Joint Technical Advisory Committee set up by the IEEE and the EIA.

However, the articulate general manager of GE’s communications
products department had previously indicated to associates that he has
no interest in Government service, and there are no signs his attitude has
changed, particularly in view of reports that he is destined for bigger
things within GE.

Whatever civilian is tapped, the White House decision is but one more
indication that the Administration is being swayed by recommendations



U. S. ready to install
road guidance system

NASA to ask
for ATS-G ideas. ..

.« . and provides
for some planning

Addendum

70

Washington Newsletter

of many Government and industry authorities that OTM be restructured,
given increased authority, budget, and responsibilities for determining
and coordinating Federal communications policy. Most recent of these
recommendations comes from the General Accounting Office, fiscal
watchdog for Congress [see p. 56].

The Federal Highway Administration’s Bureau of Public Roads is moving
ahead with its electronic route guidance system (ERGS) and is seeking
bids for the initial installation.

ERGS, a navigation aid for motorists, would put induction loops in the
pavement, a transcriber and a computer at each intersection, and a trans-
ceiver and display unit in each vehicle. At the start of a journey a driver
would set his receiver for a destination.

The upcoming purchase will include equipment for 50 vehicles and 100
intersections in the District of Columbia for the first large-scale test.

The Bureau of Public Roads has already completed a nationwide code-
book directory for the system. For its part, the Highway Administration
is planning to make money available to states wishing to install ERGS in
the early 1970’s.

Within a month NASA will ask for proposals for experiments to ride with
the Applications Technology Satellite-G scheduled for launch in 1974.
Proposals will be due in September with selection of experiments set for
early next year.

ATS project officials say they are looking for “far out” or “highly
experimental” ideas for ATS-G. As of now, the satellite is scheduled to
carry an advanced L-band transponder for aeronautical experiments as
well as direct television broadcast equipment.

Meanwhile, NASA has also begun advertising for scientific experiments
for its Viking missions to Mars in 1973. Equipment to detect life and
measure the Martian atmosphere, as well as remote orbiting measuring
devices, are being sought. Bids for Viking experiments are due October 20.

Later this year the space agency’s Applications Technology Satellite
Program Office will kick off a new program called Advanced Applica-
tions Flight Experiments (AAFE) which is intended to begin developing
space applications experiments requiring long development periods.

The idea will be to have researchers at work on a concept long before
an assignment is made to a specific satellite. Although initially intended
for the ATS program, AAFE may also be applied to other satellites such
as future Nimbus or ERTS craft. Until now the procedure has been that
requests for experiments go out only after a specific satellite program has
gotten under way.

The AAFE program will be coordinated with the Office of Advanced
Research and Technology as well as various NASA centers, as much of
the work, at the beginning at least, will be done in-house.

NASA has selected Aerojet General, Hughes, and GE to negotiate for an
estimated $5 million award for a wideband laser communications experi-
ment for the ATS-F satellite. The winner will develop satellite and ground
equipment for the experiment [Electronics, Dec. 23, 1968, p. 103].

Electronics | August 4, 1969



Goes like .
a son of a Bit.

Eat dust, you other mini computers. Here comes the new BIT 483. A
powerful general purpose digital computer with proven design per-
formance and unparalleled problem solving capability. Its 350 nano-
second memory access time makes it one of the fastest computers
around. And its other standard features make it the cost/perfor-
mance champion of the minis. BYTE orientation. Variable word
length. U.S.A. basic FORTRAN. Binary & decimal arithmetic. Cycle
stealing data channel. Priority interrupt. A complete line of 1/O
options. The new BIT 483 is a thing of beauty. But it's no hot house
flower child. It's the latest in a family of miniputers that have been
carrying a giant load in the field for years. And it's sired by a com-
pany that’s proved itself in the toughest proving ground in the world.
The OEM market. We're a company that manufactures more than
promises. We produce in volume and we service what we produce.
So send for specs on the new BIT 483 and let’s start talking prices.
We guarantee they’ll have you champing at the BIT.

BIT, INCORPORATED
5 Strathmore Road
Natick, Mass. 01760

See the new BIT 483 in Booths 5514 & 5515 at the WESCON Show.
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1-24 25-99 100-999
LM 101-883 general purposeopamps . . . . . . . . . .$2850 $23.00 $19.00
LM 101A-883  high performanceopamps . . . . . . . . . 51.00 41.00 34.00
LM 102-883 voltage followeropamps . . . . . . . . . . 28.50 23.00 19.00
LM 104-883 negative voltage regulators . . . . . . . . . 36.00 29.00 24.00
LM 105-883 positive voltage regulators . . . . . . . . . 2850 23.00 19.00
LM 106-883 voltage comparators/buffers . . . . . . . . . 33.00 26.60 22.00
LM 107-883 high performance compensated opamps . . . . . 56.00 45.00 37.00
LM 709-883 general purpose op amps . « .. . . s « o o . 1035 8.65 7.40

PARTS NOW. Off the shelf. All Mil-Std-883 Linear ICs, straight from National’s special 883 production and testing lines.
GET THE WHOLE STORY. Send for National’s 883 Linear Software Package. A big, thick compilation of Mil-Std-883

literature. Includes detailed brochure on National’s 883 program, specific specs on linear parts, full data sheets and price

lists, plus complete 883 software—all the specs already written. N t ® l / 883

T T oy T A e e Y L i | [
National Semiconductor Corporation
2975 San Ysidro Way

Santa Clara, California 95051

Please rush the big, thick, complete ©*883 Software
Package” to

Name

Company
Address
City Zip

[m—————————————
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Everybody talks about beam lead.
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But we
deliverit.

v __“c“ :

This is the dawning of the age of the leaded chip. In other words,
sports fans, August is the month Raytheon uncorks beam lead,
and the old semiconductor business will never again be the same.
O Simply meaning that now
you can buy semiconductor
chips with leads already
formed and integrally —
attached. This lets you %;:4’—1
control packaging, save 1
system assembly time |/ N P OXIDE  SWICON
and boost reliability.
OTake a for instance. With
a beam lead chip, bonding’s a step, not a career. Every lead’s
bonded at once, whether you're working with diodes or LSI.
0O And the chip stays healthier. Your operator can mash down on
those little leads and cook them to a turn. The chip sits there,
to one side of the action, calm, cool and uncracked.
O But there’s more. Every beam lead
chip sports a Silicon Nitride passiva-
tion coat to give it complete hermetic
sealing at all junctions. Raytheon’s
wafer separation process exorcises that
evil old chip-cracker, the scribe.
Chips are separated by a delicate
anisotropic etching process that eases
those little babies apart with TLC.
No more hidden cracks to surprise
you in final testing, or after your
system’s been fired up for a week. And just to sweeten the pot, in
case you really hate surprises, we can provide 100% chip testing
against all AC and DC parameters at —55 to +125°C.

METAL  SILICON NITRIDE GOLDIBEAM
v

CROSS-SECTION OF TYPICAL BEAM LEAD CHIP

Type No. Device (=55 to +125°C) 100-999
RM709 Op amp $6.80
RG250 Expandable quad 2 input OR gate 4.05
RG220 Quad 2 input NAND gate 4.05
RG240 Dual 4 input NAND gate 4.05
RG200 Expandable single 8 input NAND gate 4.05
RG230 Quad 2 input OR expander gate 2.60
RF200 JK flip flop (AND inputs) 6.00
RF100 Dual JK flip flop (separate clock) 7.10
1N914 Fast switching diode 1.25
1N3600 High conductance fast switching diode 1.30
2N2484 Low level amplifier NPN 1575
2N2605 Low level amplifier PNP A

In segments of 5 chips only.
Commercial grade units at lower prices; delivery to start 4th quarter 1969.

OWe're kicking off our Beam Lead Derby with an even dozen
types, available in quantity from our exclusive beam-
lead-franchised distributors, Avnet Electronics and Cramer
Electronics. Later on you can buy our whole line in beam
lead...TTL, DTL, linears, transistors, diodes.

O After that, onward and upward to multi-chip arrays, MSI, LSI
and so on. Proving once again the wisdom of doing business
with the company that puts its chips where its mouth is. Send for
data, including Raytheon-approved list of sources for beam
lead bonders. Raytheon Semiconductor, Mountain View,
California. (415) 968-9211.



the fate of the

“open”’Reed Relay
IS SEALED!

shown actual size

For almost the price and size of open types, this new
Struthers-Dunn MRRK Series has all the advantages of
conventional enclosed, magnetically-shielded reed relays.

A new fast method of plastic sealing gives complete
protection that your production department will really
appreciate during mounting, soldering, and cleaning.
Insulation resistance remains above 10'? ohms.

Only 0.66” wide by 1.29” long by 0.48” high (includ-
ing 4 standoff pads), the case accommodates single or
double coils and up to 3 single-throw or up to 2 double-
throw, miniature reed switches. Internal leads are
welded to 0.1” grid-space P/C terminals.

In stock now at Struthers-Dunn distributors in most
popular configurations. For detailed information, request
Data Bulletin B/3330 on the new MRRK Series. Check
the Reader Service number shown below.

There’s always more to draw on where you find the most to start with

SEND FOR
THIS DATA

Check numbers on the Reader
Service Card for any or all the
items of interest to you.

# 497 MRRK Relay Bulletin

World's Largest Relay Line

More than 5,348 different types!
Sold through more than 100 fran-
chised distributors! Get our Stock
Relay Catalog 1010 for details on
the most frequently-needed aero-
space, reed, industrial, and spe-
cial-purpose relays, contractors,
and motor controls. Check the ap-
propriate Reader Service number
at right.

78

Largest Line Of Plug-ins

This integrated line of general-
purpose, latch, sequencing, and
timing relays will save your wir-
ing time, make control panels
neater, cut costs. S-D socket ter-
minals are all instantly accessible
and on one plane. No complex
multiple-level wiring! Send for full
story. Check the proper Reader
Service number at right.

More Ways To Reverse A Motor

No one else offers as wide a
choice of motor reversing con-
tactor designs for general and
definite purpose applications up
to 100 HP . . . including hoists,
motor-operated doors, windows
and elevators as well as machine
tool auxiliaries. Details on re-
quest. Check the proper Reader
Service number at right.

# 498 stock Relay Catalog
# 499 Plug-in Relay Bulletins
# 518 Motor Control Catalog

STRUTHERS=-DUNN, INC.

PITMAN, NEW JERSEY 08071
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Not everyone needs a
DVM that’s good enough to
calibrate other DVMs

Sure our Model 5700 is the most accurate DVM there is — 0.0025% . And
the most stable — 0.0065% for a year. But if you don’t really need a DVM
that’s good enough to calibrate other DVMs, don’t buy it. Buy one of our
32 others instead.

We make them for labs and production lines, for use on the bench and in
systems, militarized models, four digit DVMs and five, from $1150 to over
$8000. (Actually, with our unique plug-in modules, you can create some 300 ,
different configurations. For every imaginable application. To fit every budget.) / 3

And no matter which of our other 32 you buy, you’ll have a DVM made with ¢ T
the same meticulous care as our 5700. With many of the same circuits. By the
same people. To give you the confidence you’ve come to expect from Dana.

Which one suits you best? Ask for the decision maker, our free brochure.

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

DRANA

'!P_——_'——n—-—-—-—t_

I
}

O o 007

3.1 -1.
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It took us years to develop
the best stereo microscope.

Now give us a few minutes to prove it.

Let us compare our StereoStar/ZooM to any 135 years of optical excellence went into the
stereoscopic microscope in your lab. AQ StereoStar/zooM. Let us compare it to any
stereo microscope in your lab. After all, if it’s

Our microscope offers high resolution, larger . i
worth your money, it's worth your time.

fields of view, greater working distance. We

have as wide a magnification range as you're Call your AO Representative. Or write for our
likely to need: a full 6 to 1 zoom range with convincing 24-page brochure.

magnifications from 3.5 X through 210 X.

The zoom control knob is coupled—so that it's AMEZL?‘Q:: Agg:r e

conveniently located on both sides, for either SCIENTIFIC INSTRUMENT DIVISION « BUFFALO, N.Y. 14215
left or right-hand operation. And the entire
head is easily rotatable through 360°.

[

sk
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Need a helpful ally, taking on
Mil-Spec contracts ?

When it comes to military contracts, people, simplifies meeting MIL, NAS and
Brand-Rex can make getting the proper wire  other requirements.

and cable the easy part of the job.  Need an ally in a tough market? Contact the

We offer an unusually broad range of products  people who've been there for years, supplying
from tiny hook-up wires to mighty umbilical  cable for practically every major missile system
cables. Polyethylene, PVC, Kapton, Kynar, and space shot. Whether your cable requirements

Teflon TFE and FEP are a few of the | are large or small write for the new Brand-Rex
insulations we use regularly. Military Specification Wire and Cable catalog.

Brand-Rex’s quality control procedures, well- Brand-Rex Division, American Enka Corp.,

known and accepted by military and aerospace Willimantic, Conn. 06226, (203) 423-7771

Connect for tomorrow.

BRAND-REX

Circle 81 on reader service card
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What this country
needsis a good
nickel cigar...

and a % square
industria

cermet
trimmer.

INSTRUMENTS, INC.

Helipot has the trimmer for $3.50 list... ipphint
now available in local stock. FULLERTON, CALIFORNIA = 92634
(But you'll have to find the cigar.) STOTLAMD: LONGOK. WERICD CITY, MUMICH, PARES: STOCKISOLM: TORV: WEaA
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e .- Resolution and aim are the important con-
siderations when designing a three-gun
cathode-ray tube like those used in color
television sets into a three-channel oscillo-
scope. In a new unit, built with this kind of
crt, the three electron guns scan the screen
and a logic network fires the right ones at
the right times. The results are sets of
green, red, and blue dots forming the
scope’s traces. For good resolution there must be plenty of
dots; display accuracy depends on convergence of the’three
electron beams. The multihued traces display a great deal of
information that can be read and understood by professional
engineers and laymen alike.

Analog computation may now prove preferable to digital tech-
niques in control applications where 1% accuracy is accep-
table. Raytheon has come up with an analog computer that
promises to allow systems designers to take advantage of
simpler and more straightforward methods. The machine
works off just two basic modules—a function generator and
a summing amplifier—built around monolithic linear IC’s and
discrete components on thick-film ceramic substrates.

The changes in color hues that result when channels are
changed or when cameras switch from live to taped coverage
can be greatly minimized by a correction circuit in the
receiver. A recently developed automatic-tint control, using
gates controlled by the set’s 3.58-megahertz oscillator and
phase-shifting networks, senses color variations in the flesh-
tone region and develops a correction signal to compensate
for them in the chroma amplifier.

Just past the halfway point, it looks like a pretty good year
for the electronics industry. Defense and aerospace suppliers
may be in for some disappointments during the period ahead
as congressional budget cutters hack away at appropriations.
Semiconductor houses, however, are rocketing along at a
good clip as are concerns oriented toward industrial outlets.
Computer makers and manufacturers of peripheral equipment
are still riding a gravy train, and avionics outfits are eyeing
lush new markets in traffic control. Consumer goods business
is running at a high level, but producers are concerned about
the rising tide of imports, particularly from Japan.

New slant on
failure analysis

Electronics | August 4, 1969

Coming

Having studied the matter, the Air Force has determined that
when equipment breaks down as a result of the failure of a
solid state component, the part in question has not, in many
cases, been properly designed or inspected by the supplier.



Instrumentation

By Richard E. McCormick

Telonic Industries Inc., Laguna Beach, Calif.

Oscilloscope’s changing face
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> Magnets converge the beams from a three-gun crt
»High-speed vertical scan intensifies resolution
»> |C comparators provide 15-nsec response time

—red, green and blue traces

Effectively locked out of oscilloscopes because of
the thorny problems of aim and resolution, color is
at long last being ushered through the door. Pro-
viding the key is a three-gun cathode-ray tube,
standard in color-television receivers, that serves
as the scope’s display element.

Much more than merely having a pretty face, a
color scope delivers a meaningful message. It’s red,
green, and blue traces display a great deal of in-
formation distinctly. More importantly, the infor-
mation can be read and understood by engineer
and layman alike. This readability could lead to
oscilloscopes having a broader range of applica-
tions in which laymen, rather than technicians, are
involved.

The crt’s electron guns fire through a shadow
mask at phosphors on the tube’s face, with the
beam from one gun striking only the red phos-
phors, the beam from the second gun hitting only
the green phosphors, and the third beam striking
only the blue phosphors. A deflection coil aims the
guns vertically, while a second coil scans the guns
horizontally. The firing of the right guns at the
right times, thus producing the traces, is controlled
by logic circuitry.

Since the traces aren’t continuous lines—they’re
sets of dots on a raster—a high-frequency vertical
scan is needed to achieve an illusion of continuity.
In the approach taken by Telonic Industries Inc.,
40 kilohertz was chosen as the scan rate.

Three guns; one spot. If the color t-v tube (center)
were left alone, its three electron beams wouldn’t
converge. But it's not alone. The trio of magnets
surrounding the tube generate a continuously
changing flux which ensures that the tube’s
electronic guns are always pointing at

the same spot.

Copyright © 1969 Telonic Industries Inc. All rights reserved
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Three magnets, each having one winding for ver-
tical-correction current and another for horizontal-
correction current, are clamped onto the neck of
the crt to position the beams precisely so that they
converge.

Putting it together

A power oscillator, phase-locked to the line fre-
quency, generates a sinusoidal current in the ver-
tical deflection coil. This current not only aims the
electron beams, but also generates a beam-position
voltage that is routed by a switching network to
red, green, and blue comparator modules. These
modules have pulse generators that trigger their
associated guns. In addition to the position voltage,
each module receives both a reference voltage and
an input voltage from one of the three vertical
channels.

During the downward vertical scan, each com-
parator turns on its pulse generator when the com-
parator’s input voltage equals the position voltage.
The gun then fires, producing a dot. Thus, three
dots—red, green and blue—are generated in the
downward scan. During the upward scan, the input
voltage is ignored. In its place, reference voltages
which are preset, are compared with the position
voltage. Three more dots are then generated. As the
beams are deflected horizontally, three input traces
and three reference lines are plotted.

Since the vertical sweep is sinusoidal, the beams
move up and down at a continuously changing
rate. But because the comparators, not the scanning
system, determine the position of the dots, the
nonlinearity of the scan has no bearing on the lin-
earity of the trace. Only the point-to-point spacing
between dots differs for each adjacent pair of dots.

Enhancing resolution

But since resolution of raster-type displays de-
pends on the distance between the dots, the deter-
mining factors are the horizontal-sweep speed, the
input’s frequency and amplitude, and the vertical-
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Channels of color. The
horizontal and vertical
deflection coils aim

the three guns in an
up-and-down left-to-right
scan. During the
downward scan each
module compares its
channel’s input with

the position signal
coming from the
switching network; when
the two signals are
equal the pulse
generator fires an
electron gun, making

a colored dot on the
screen. During the

LINE SYNCH

scan frequency. The distance between adjacent
dots is given by

(1/£:)(vn)(m® 4 1)*

where f; is the scan frequency, v, is the horizontal
sweep and m is the slope of the displayed signal.
The slope increases when the input’s frequency or
amplitude increases.

There are two ways of enhancing resolution—one
by lowering the horizontal speed, the input’s fre-
quency, or the input’s amplitude, and the second
by boosting vertical-scan frequency. The former
approach, however, reduces the display’s capabil-
ity, and, in turn, the scope’s. Thus, it’s best to take
the latter approach, not that it is without a draw-
back.

Unfortunately, flyback-type scans usually used
with magnetically-deflected crt’s aren’t practical
for high-speed scans; large voltages, which lead
to breakdowns, are induced across the vertical am-
plifier’s output transistors during flyback. In this
scope, a resonant circuit reduces the voltage re-
quirement for these transistors. This circuit, the
40-khz oscillator on page 87, is essentially a
closed-loop network. To achieve oscillation, a
square wave from a switching amplifier passes
through an impedance-matching filter to a high-Q
tank circuit comprising the vertical-deflection coil
in series with a tuning capacitor. With the square
wave having an amplitude of 45 volts, the resulting
deflection current, i(t), is a 40-khz sine wave whose
amplitude is about 0.7 amp.

It takes only 0.5 amp to deflect the beam to the
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upward scan the
position signal is
compared with the
channel’s reference
signal, and when these
two are equal another
dot appears. The
correction-current’
assembly converges
the beams from the
three guns.

20 KILOVOLTS

top or bottom of the 10-inch-high screen, so there’s
a 40% overscan. Therefore, only the linear portion
of the sinusoidal scan is used.

The coil, whose inductance is 15 millihenrys, has
a peak voltage across it of about 2.6 kilovolts
because

di
b

d ¢
= o (0.7 sin wt)
= 2,600 cos wt

where
» =2 80,000 7

With a 15-mh deflection coil, the tank circuit needs
a capacitance of 1,200 picofarads. Any high-Q tank
circuit can be used as long as the tuning capacitor
maintains the proper resonant frequency.

Stabilization of the scan frequency is achieved
with a phase-locked loop. A phase comparator
looks at the phase of the oscillator’s output and
that of the line voltage, and generates an error
voltage proportional to the difference. This error
voltage drives a phase shifter that adjusts the
oscillator.

The 40-khz figure is a nominal value for the scan
frequency. In reality, this frequency is an exact
multiple of the line frequency. Thus, if the line fre-
quency is 60 hertz, the scan frequency is 36,240 hz
(the 604th harmonic); if it's 50 hz, the scan fre-
quency is 36,200 hz (the 724th harmonic).
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THE FOUR WAYS TO IMPROVE RESOLUTION

NORMAL IMPROVED

m AT {\ J\ [\f\ neresse e

\/ U UU U < : \/ FREQUENCSY

& /\ 3 f /\ N\
\/ \//\ \/ \/ | THE INPUT

DECREASE THE
FREQUENCY OF
| THE INPUT

DECREASE THE
HORIZONTAL
SWEEP SPEED

LEGEND: VERTICAL SCAN INPUT

Dotting the cycle. Increasing the scan frequency or lowering the sweep speed or frequency of the input increases
the number of dots generated during a single cycle of the input. Decreasing the input's amplitude
doesn’t change the number of dots per cycle; but the dots already there are closer together.

VERTICAL
DEFLECTION
COIL

15 mh

Up, down, and where.
The vertical scan

T v
"'45"_!_ : | 2.6kv if - oscillator sends a
-45¢ X 40-khz signal to the

IMPEDANCE- deflection coil where it
MATCHING 3 4 aims the guns and to
FILTER 1,200pf ll the switching network

SWITCHING
AMPLIFIER

Wo;n where it tells the
| ; modules the vertical

PHASE . position of the scan.
SHIFTER TO T
4 SWITCHING
j» NETWORK
LINE PHASE 73
SYNCH COMPARATOR| ™
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INPUT

SIGNAL »
STROBE
Strobe control. Each
of the scope’s three
R o channels has a module.
- R | Its key element is the
INPUT 1 \ ' dual compar?tor, an
SIGNAL—————— . -+ . off-the-shelf integrated
VERTICAL )— J"U'"'U' = 'U—U' circuit. Strobe signals
POSITION turn on one of the IC's
SIGNAL comparators during
g?,?-,vc”ms G EL%%T,‘?ON the downward scan and
NETWORK the other comparator
SWITCH [— 9/4, during the upward scan.
PULSE
AMPLIFIER
T L
SionAL - — T~
REFERENCE BEAL
ngGRNoABLE COMPARATOR
The reason that the vertical scan frequency is
synched to the line frequency is to ensure that the EORREETIONSCLBREHT et
display is stable when the horizontal sweep is also
synched to the line, a common occurrence. Any
low-amplitude high-frequency line transients are
filtered out before the synchronous signal is gen- T
erated.
One module per channel },’5;‘,?,‘;%
Although the channels produce different colors, ©F SCAN t
the comparator modules are identical. Each has
an integrated-circuit dual comparator and a pulse
generator. One such module is shown above. Only
15 nanoseconds elapse between the time a compa-
rator senses two voltages are equal and the time a
pulse generator fires. This speed is necessitated by HORIZONTAL POSITION OF SCAN—»
the 40-khz scan frequency.
To determine which of the IC’s two comparators Ix
is connected to the output, a strobe is used. The
voltage across the deflection coil switches the OREEN  BLUE
strobe between high and low logic levels at zero - ,’ / ReD
crossings of the coil’s voltage. Since this voltage is T i/
90° out of phase with the coil’s current, the strobe .oerectioN I' /'
is switched when the vertical scan is at its top or cyrRRENT i
bottom. During the downward scan, the strobe line / P4
for the dual comparator is high, and the input volt- )
age is compared with the position voltage; all ref- ? x
erence information is ignored. During the upward
scan, the strobe levels are reversed so that refer-

ence voltages are compared and signal information
ignored. The comparator then drives a differenti-
ator.

Negative spikes from the differentiator trigger a

Getting together. When the correction currents, which
are functions of the scan’s position, flow in the windings
of the correction-current magnets the beams converge.
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o S S

VERTICAL
SCAN
OSCILLATOR

12 VOLT
REFERENCE

VOLTAGE
COMPARATOR |

VOLTAGE
ADJUSTMENT

80 kHz
FILTER

80kHz
FILTER

Getting the current.

The vertical convergence
circuits generates the

Iy for each of the
channels.

CRT

Tube power. Regulated to within 50 volts, the power supply delivers up to 20 kilovolts to the crt's anode.
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pulse amplifier, which applies an 80-nsec, 200-volt
negative pulse to a cathode.

Convergence

The solution to the convergence problem lies
with a trio of magnets whose fluxes are determined
by correction currents. Each gun, positioned in an
equilateral triangle about the axis of the tube, is
tilted slightly toward the axis. Thus, each beam
strikes the shadow mask at the precise angle nec-
essary to illuminate phosphor of only one color. Be-
cause the guns are positioned off axis and because
the beams converge at the shadow mask rather
than on the screen, each beam reacts differently to
the magnetic flux generated by the deflection coil.
Without the magnets, the traces wouldn’t overlap
when the same signal is applied to the input ter-
minals of three channels.

Since there are three magnets, one each for the
green, red and blue guns, there are six correction
windings in all. For every given point on the tube’s
scan, there’s a specific amount of current that must
flow into each winding. These currents, determined
empirically, are plotted as functions of the vertical
or horizontal position of the scan on page 88.
Besides the magnets, the correction-current assem-
blies have networks that generate the correction
currents.

The plots are tilted parabolas whose general
equation is

I = Kir? 4+ Kor

where
I = correction current
K, K; = constants

r = amount of vertical deflection y or horizontal
deflection x

To generate correction current, vertical deflec-
tion is considered first. The vertical deflection is
directly proportional to the scan signal and is
described by

y=Kzsinot
where
K3 = constant

Therefore,
Iy = % K1K32 — 1/2 K1K32 cos 2ot + K2K3 sin ot

where I is the vertical correction current.

The first term may be neglected since it can be
included in a static convergence adjustment. K,
turns out to be quite small and may be approxi-
mated by adding a phase-shift term, 6, to the pri-
mary correction signal.

Therefore,

I, = A cos (20t + 6) t

where A is constant related to K;, K. and K.
Providing this correction is a vertical conver-
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gence circuit, on page 89. Pulses derived from the
vertical scan synchronize an 80-khz oscillator
whose output is applied to three series-tuned 80-
khz filters. The Q and center frequency of each
filter are varied to set the individual A’s and 6’s to
get the desired values.

Generating horizontal-correction current, how-
ever, isn’t quite as easy. The horizontal deflection,
x, depends on the horizontal sweep signal, which
in this scope may be any waveform with frequency
components from d-c to 1 khz. Therefore, the ver-
tical-correction network is inadequate because it
requires an unchanging input—a synchronous sig-
nal from the 40-khz oscillator.

What does the job is a d-c coupled circuit that
rectifies the horizontal sweep input and then
shapes it to fit the parabolic form of the curves.
Added to this shaped waveform is whatever phase
of the original signal that achieves the required tilt.

Regulating the power supply

The crt requires an anode voltage of approxi-
mately 20 kv at a current of up to 500 microamps.
Any change in anode voltage causes not only a
change in display intensity, but also a shift in both
the horizontal and vertical beam position. There-
fore, the tube’s anode supply, on pg. 89, is fully
regulated against changes in line voltage or load
current. The supply generates pulses across a pulse
transformer’s primary by establishing a current in
an inductor, L, and then rapidly switching off the
current source so that the inductor current is forced
to flow into a small capacitor, C. As the energy
from the inductor flows into the capacitor, the lat-
ter charges to a very high voltage and the voltage
appears across the pulse transformer’s primary.
After one cycle, oscillation is damped out by a di-
ode, D, and the circuit is dormant until the induc-
tor current is again turned on.

The supply is regulated by varying the on time
of the power switch. If the switch is on for a period, .
T, the current in the inductor increases to a maxi-
mum, Vi T/L, where Vy, is the voltage across the
coil; the energy E; contained in the inductor is
Y%LI2
Substituting V., T/L for I gives

VT
Hym oot

Since energy stored in a capacitor is %CV¢?
where Vj is the voltage across the capacitor, it fol-
lows that %(Vi2T?/L) = %C V2, and the peak
voltage across the capacitor will be Vi T/(LC)%.

Note that if all other factors are held constant,
the peak voltage is directly proportional to T. And
in this supply T is a function of the output. A one-
shot multivibrator, pulsed at 20-khz, controls the
switch. The supply’s output is compared with a
12-volt reference, and the error voltage controls the
pulse length of the multivibrator. The output may
be adjusted from 12 to 24 kv, and is regulated to
within 50 volts. ®
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Circuitdesign

Designer’s casebook

IC’s take the “bounce”
out of switches

By Victor Wintriss
Consultant, Norfolk, Va.

Transients from switch contact bounce cannot be
tolerated in fast response circuits. Snap-action
switches are the main offenders and are still very
much in use today.

A simple method of eliminating bounce uses the
NAND gate configuration shown on top. When the
switch is moved to the contact forming B’s input,
B’s output goes high. The high output of B is
delivered to A’s input and its output goes low.

A,B - MC846P

Designer’s casebook is a regular feature in
Electronics. Readers are invited fo submit
novel circuit ideas and vnusual solutions fo
design problems. Descriptions should be
short. We'll pay $50 for each item published.

A’s low output immediately locks B’s input low,
inhibiting any further transients of the switch from
triggering B.

The only drawback to this circuit is that it
uses a single pole double throw switch while
many applications may use single pole single
throw switches. For this purpose, the circuit at
the bottom will do.

When the switch closes, E goes low and the one
shot multivibrator B delivers a logic-0 pulse to
C’s input. The pulse width should be wide enough
to suppress any closing transients from the switch.

With C low, A cannot be triggered and F’s out-
put remains low. When the switch opens, and C’s
input goes high, A delivers a pulse that keeps the
input to E low, preventing further triggering of

B and keeping F’s output high for the durations

of A’s pulse width, which should be long enough to
suppress any opening transients.

DF - QUTPUT

D
Lpt

A,B - 342CT

C,D,E,F - 321CJ

IC-size phase detector
doesn’t need any inductors

By A. H. Hargrove

Bendix Corp., Baltimore, Md.

A phase-sensitive detector circuit can be built with-
out the usual need for tuned circuits or transform-
ers. By elminating the cumbersome transformers
and inductors, the detector can be packaged as a
micro-circuit and used with integrated circuits.
The circuit extracts phase and amplitude modu-
lation data from 20-megahertz intermediate fre-
quency signals. The wide bandwidth of the circuit

Electronics | August 4, 1969

91




allows it to operate at frequencies up to 30 Mhz.

Transistor Q; acts as a phase splitter to incom-
ing signals, delivering the signal to the anode of
diode Dj, and to the cathode of D» but 180° out of
phase. The reference voltage E; is delivered to the
opposite terminal of both diodes. A voltage pro-
portional to the vector sum of the input signal E,
and the reference signal is produced at the output.

When the input signal and reference voltages are
in quadrature, the diodes produce equal and oppo-

+20v

$470

0.001 puf
Yas

site voltages yielding zero volts at the output. The
maximum negative voltage is generated at the out-
put when the signals are 180° out of phase. The
maximum positive voltage appears when the sig-
nals are in phase. As the reference is shifted
through 360°, the output follows a typical detector
curve.

If a limiter is used to lower the input signal’s
amplitude, the output will be a function of phase
angle only, otherwise, amplitude changes appear.

2N 3933

0.001 pf

0. ut
REFERENCE I

s AN

Inverted transistor switches
precision d-c voltage

By George R. Latham 4th

Hewlett-Packard, Loveland, Colo.

A transistor with the emitter and collector connec-
tions inverted overcomes inaccuracies caused by
contact resistance in cheap switches. In fact, con-
tact resistance as high as one kilohm has no effect

on the operation of a circuit using an inverted tran-
sistor.

With a well regulated power supply and a drop-
ping resistor Rg, a precision d-c test voltage is set
up across the zener diode. The test voltage is
switched on or off by Q.. R; acts as the load and
can be used to feed a current summing junction
such as E;. The connection of Q; in the inverted
mode provides a collector-to-emitter saturation
voltage, V., that is about one half that of the
normal mode connection, because the beta for the
inverted mode is approximately unity. The base
current i, is chosen to be 3 to 4 times the load
current in order to minimize V.
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The switch Q. is controlled by Q;. When Q; is
cut off, Qs and R; conduct causing a compensat-
ing current to flow, and the 420 volt source sup-
plies base current through R, to turn on Q.. Addi-
tional switching circuits may be added whenever
necessary so that decimal or binary voltages may
be formed. By choosing icomp = isw — dions, an

inexpensive reference diode may be used in place
of a low impedance active reference supply. Even
though a typical 9-volt reference diode has an
18-ohm output impedance, the total current change
through the diode is small due to the use of a
compensating current. Thus high accuracy can
be obtained economically.

ADDITIONAL SWITCHING
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e
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Pulse-train duty factor
controls RC filter

By L. L. Hamilton

Catholic University of America, Washington, D.C.

The availability of inexpensive digital integrated
circuits and nearly ideal field effect transistor
switches enables great flexibility in the design of
analog circuitry by using the duty factor of a pulse
train to control the frequency selectivity of a resis-
tance-capacitance filter. This is accomplished by
switching a field effect transistor and thus varying
the circuit resistance. This method offers several
advantages over linear FET resistance control in-
cluding less dependence on the properties of the
FET and reduced temperature sensitivity.

The FET is driven by a pulse width modulated
source. D; decouples the switching signal from the
FET during the positive pulse. Since the FET is a
depletion mode device, no forward bias is required
on the gate. D, is used as a d-c restorer. If the
proper d-c level were available from the pulse
source, the 10-microfarad capacitor, 10-kilohm re-
sistor and D, would not be necessary. Using the

MFE 2133 10k

s o QUTPUT
$100k A I 0.01 uf
S

A w18
100khz

D2 PULSE SOURCE

—{0v

Dy, D, ARE SILICON

arrangement shown, the effective resistance in the
circuit becomes inversely proportional to the duty
factor t/T, where t is the on time and T is the
period of the pulse train. As the duty factor is
varied from 1 to 0, the effective resistance ranges
from R—10 kilohms in the circuit shown—to infin-
ity, thus giving continuous control of the filter’s
corner frequency, f. = 1/(2xRexC).
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On the left you see the HP 5323 A Automatic Counter
at work in a system. On the right is our HP 5325B
Universal Counter, making a hard test easy.

The counters could easily be reversed. Because both
are programmable and with either of them you can
count up to 20 MHz in a system or on your bench.
The one you choose depends on what you need.

The Automatic Counter has automatic range selection
from 0.125 Hz to 20 MHz. And it needs no switching
from frequency measuring mode for high frequency
measurements to period measuring mode for accurate
low frequency measurements. That’s because all meas-
urements are made in the period mode, and internal

computing circuits invert the period measurements to
frequency. Thus you get the speed and accuracy benefits
of period measurements at low frequencies coupled
with the convenience of direct readout in frequency at
all frequencies. There’s no accuracy penalty at any
frequency. The 5323 A has a score of other advantages
built in. For instance, it can automatically measure the
carrier frequency of pulsed signals. Some people buy
the 5323 A for bench and production line use because its
simple, automatic operation and direct readout in
frequency reduce errors, even with untrained users.

It even keeps tabs on the user by refusing to display more
digits than it should for a given measurement speed.
For easy use in systems, it's programmable, of course.

These two counters make
systems run smoother.




The Universal Counter is even more versatile but is

less automatic. It will measure frequency to 20 MHz,
time intervals from 100 ns to 10%s, and period, multiple
period, ratio and multiple ratio. It will totalize input
events or scale an input frequency. Time interval stop

and start signals can be from common or separate inputs,

with separate trigger-level, slope and polarity controls
for each. And its very narrow trigger-level threshold
band, less than 1.0 mV, prevents false counts when the
trigger level setting is marginal. In addition, the
Universal Counter generates two types of oscilloscope
markers. These not only mark the start and stop points
of a measured interval, but can also intensify the
entire measured segment. For easy use in systems, it’s

And tests run faster.

programmable, of course. The cost of this versatility
for either system or bench use is $2150 for the 5323A
and $1300 for the 5325B. Your local HP field engineer
has all the details. So give him a call. Or write to
Hewlett-Packard, Palo Alto, California 94304;
Europe: 1217 Meyrin-Geneva, Switzerland.

HEWLETT @ PACKARD

ELECTRONIC COUNTERS

Circle 95 on reader service card




Computers

Building blocks are two-base hit
for analog control computers

Using only a couple of basic elements, new machine offers efficiency
and directness of analog computation, plus the reliability

and simple logistics of digital techniques

By Eawin Segarra and John F. Perkins
Raytheon Co., Bedford, Mass.

Digital techniques may be first in the hearts of
control-systems designers, but in cases where 1%
accuracy is acceptable, analog computation may
prove preferable. Such methods are simpler and
more straightforward in small control computers.
Multiplication and the taking of sines and cosines
require a lot more computation when handled
digitally; moreover, the signals must be converted
from analog to digital and back again.

The essential appeal of the digital art centers
on the repetitive use of a few versatile elements
like gates and flip-flops. Now, however, an analog
machine developed at Raytheon’s Missile Division
promises to appeal on similar grounds; it works
off just two basic modules—a function generator
and a summing amplifier.

The modules contain monolithic linear integrated
circuits and discrete components on thick-film hy-
brid ceramic substrates. There are no electrome-
chanical components, such as resolvers and po-
tentiometers—long the bane of analog computation
because of their lack of accuracy and reliability.

The Raytheon machine, which solves missile con-
trol equations, can be used to advantage on other
projects—for example, automatic pilots and process
control systems. Among other things, the com-
puter’s function-generator modules multiply, divide,
and find reciprocals, sines, cosines, arc sines, and
arc cosines. The summing amplifier modules oper-
ate on these functions in response to the basic
control equations.

The basic function generator, as shown
opposite, consists of a differential comparator,
a field-effect transistor switch, and an operational
amplifier. The multiplication operation, E:E; = E,,
is based on the idea that the d-c component of a
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pulse wave is directly proportional to the ampli-
tude of the wave multiplied by its pulse width x.
If a precisely linear triangle wave E, is applied to
one input of the differential amplifier and a d-c
voltage E, is applied to the other input, the output
will be a square wave whose pulse width is directly
proportional to E; and whose repetition rate is
equal to that of the reference triangle wave.

The FET switch, controlled by the differential
comparator output, gives a linear relationship be-
tween E; and pulsewidth x. If the FET switch, in
series with the E; input signal, is connected to a
summing op amp, then the output of the summing
amplifier, expressed as a Fourier expansion, is:

X

B KE,,[ -

2 Z“’ (=1 aiiiie E,
—+ = e sin nw L cos nw I ]

n=1

K is the ratio R¢/Ry,. The other terms are defined
in the circuit diagram and waveforims as shown
at the top, right, on the opposite page.

If the summing amplifier is designed to have an
upper cut-off point at a rather low frequency, so
that it acts as a low-pass filter to remove harmonics,
the output signal will be proportional to the prod-
uct of E; and E;:

E, = KE, % = K'E, E,
since x/L is proportional to Ey.
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No moving parts. Instead of electromechanical
components, missile-guidance computer uses hybrid
analog circuits in “nafi’’ modules. Head-aim portion
of computer is shown here.

c
—AA—
Rin
Ey MV T 709 >——F,

FET
OPERATIONAL
AMPLIFIER

DIFFERENTIAL
COMPARATOR

Simple versatility. One of two basic circuits in
Raytheon’s analog computer, the function generator
can multiply, divide, provide sines and cosines, and
determine inverse trigonometric functions.

The same configuration used for the multiplier—
FET switch, differential comparator, and opera-
tional amplifier—can be used to generate trigono-
metric functions.

For example, to generate a d-c voltage propor-
tional to sin 6, a triangle wave is applied to one
of the differential comparator inputs and a d-c
voltage proportional to the angle 6 is applied to
the other. The resulting waveform at the output of
comparator is a periodic rectangular pulse whose
width is directly proportional to 6, as shown in the
lower right illustration.

The output is then used to turn the FET switch
off and on. Since the d-c component of the chopped
E; signal is proportional to the area under the Ey
waveform and to the pulse width and the pulse
width is proportional to 6, the d-c output of the
module is proportional to the integral of E; df. If
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Times table. To multiply quantities represented by
Exand Ey, a triangle wave is applied to the function
generator, along with the multiplicands. The product is
proportional to the shaded area under the output pulses.
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Sines of the times. To generate sin 6, the function
generator requires a triangle wave, a signal Ex
proportional to 6, and a cosine wave. Cosines
can be generated by shifting zero crossover point.

E; is a cosine wave, the d-c output is proportional
to the integral of cos 6 dé, or:

9 Al
Eo (a0 = %/ cosf df = %sino

)

To make the module generate cos 6, the zero
point of the triangle wave is changed to coincide
with the zero crosspoint of the E; input instead
of the peak.

To generate arc sin 6 from a voltage propor-
tional to sin 6, the triangular reference waveform
is replaced with a precision sine wave; the sin 6
d-c voltage is applied to the E; input. The output
of the comparator is thus a series of pulses whose
width is proportional to the angle 6. In the FET,
the pulses are amplified by a constant d-c voltage
E;. The amplified pulses are integrated in the
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Two plus. The head-aim portion of the Raytheon computer typifies the building-block approach. With the two

basic modules—function generator (prefix B) and summing amplifier (prefix A)—
it calculates complicated trigonometric equations.
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operational amplifier to produce an output voltage
proportional to 6.

In analog computations, it often happens that
the terms in a summed expression are measured
under different conditions. In such cases, it’s neces-
sary to normalize the terms; this can be done by
adjusting the ratio of feedback-to-input resistance.
In other words, a multiple-input summing ampli-
fier must be externally controllable to adjust for
changed input conditions.

To this end the Raytheon summing amplifier
consists of an integrated op amp, an integrated
six-channel FET switch, and a thick-film resistor
block, as shown at the left. The output voltage
of the summing amplifier is:

ot B Re Re
Eo-‘ [Rl El+ R‘2 E2+ R3E3

R R¢ R¢
+-RT E, + B - Es + - Es]

The voltage applied to the gate of each channel of
the FET switch determines whether the channel
is open or closed, so that any term in this equation
whose associated FET is open equals zero. The
values of the resistors are chosen to suit the func-
tion of the particular summing amplifier.

Raytheon has assembled its analog elements
in a “head-aim” subsystem for a missile control
computer to demonstrate the potential of the build-
ing-block technique. The subsystem, shown at the
left, is similar to what might be used in an auto-
pilot, for example, or, perhaps, in a process-control
application involving gas flow.

The head-aim computer requires 13 gated-input
amplifiers, nine function generators, and a wave-
form generator that provides triangular-wave and
sine-wave references—both at 5 kilohertz—for the
function generators.

The computer solves two equations, as shown in
the panel at the right; it must solve these equa-
tions for the five different sets of conditions that
are shown. The resistor blocks can be switched in
to represent each condition.

The diagram, shown on the next page, represents
the Ogs and yma equations as calculated by the
computer for condition 3. In all cases, the computer
values are well within the maximum permissible
error range of *+3.5°, even at the temperature ex-
tremes of —55° and 4-125°C.

Part and parcel

There are three sources of error, and each can
easily be minimized:

= Offset voltage at the output of the IC opera-
tional amplifiers. A 709 op amp was used in the
first building-block circuits. More récent versions
of this IC offer lower offset and lower variation
of offset with temperature; offset voltage variation
can be kept within =5 millivolts over the military
temperature range.
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Head-aim equations
Oua = 0.707 [0 — Y]
¥ua = 0.707 [fr + Y]
where
0r = sin! [sin ¢no (cos g sin ¥g + 1.25\Az)

+ €08 ¢uo sin O + €08 pyo — 1.2\gr, + Ecl

and

Yg = sin™! [ Coi o :| [—sin ¢no

(sin g + 12)\EL) + cos ¢mo €os O Sin Yo
+ cos om0 125\,;2] “e Ye

i deqbgl‘rg'es deécr'ees dewgcr'ees
1 0 0 0
2 49 3.50 —0.45
3 —49 3.50 +0.45
4 49 211 —2.42
b —49 211 +2.42

= Scaling error due to resistor deviations. The
discrete input and feedback resistors used in the
prototype head-aim computer are +=0.25%-toler-
ance components with rather large temperature co-
efficients. The scaling error could easily be reduced,
since #0.1%-tolerance resistors with low tempera-
ture coefficients are readily available.

» FET scaling error. The FET resistance adds to
the input resistance. However, by taking the FET
resistance into account when the value of the input
resistor is selected, the change in slope of the
summing amplifier output will be no greater than
0.5% over a 100°C change in temperature.

The total computer error depends on the number
of computer functions that are cascaded. Use of
+0.1% resistors and *+5-mv-offset op amps would
yield peak errors of 0.6% for a full-scale output
of 1 volt or 0.2% for a full-scale output of 5 volts.

The percentage error is primarily due to op amp
offset when 0.1% resistors are used, and it is not
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a fixed quantity—it depends on the input-voltage
range. The percentage error is expressed as:

offset (volts)

full-scale voltage S0

e =

when resistor error is neglected.

To assess the total errors for a complete com-
puter would require analysis of the number of
functions, their types, and scaling. But it’s safe
to say that any single computation can be done
well within 1% over the military temperature range.

That 1% error applies to voltages, and therefore
to multiplication and summing. Trigonometric-
function errors depend on the range of angles
used. A 1% error in the sine, for example, can
cause as much as 8° of error if the angle is near 90°.

All the gated-input summing amplifiers used in
the head-aim computer are identical except for the
values of the input resistors, R; through Rg; all the
function generators are identical except for input
resistors R; through R;. A total of 56 discrete re-
sistors, in 14 different values, is needed for ‘the
13 summing amplifiers.
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Performance. The dashed line
represents the computer’s output
for the head-aim equations at
several temperatures. The heavy
lines in color represent the max-
imum permissible deviation per
military specs from the true
value. Values are well within the
allowable +3.5° limits.
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Power requirements are modest. The head-aim
computer draws only 9.05 watts, and the entire
missile guidance computer (also built from the
two basic modules) consumes only 37.715 watts.
Allowing 3 watts for the reference waveform gen-
erator and assuming a power-supply efficiency of
50% (a conservative estimate), the total power
consumption is 60 watts.

The Raytheon analog computer can test itself
automatically. The built-in test circuits use the
same modules developed for the computer itself.
Checks involve switching known values of the
input variables into the machine and comparing
the resulting output signals with reference voltages
that represent hand-calculated levels.

At the moment, each module is in the “nafi”
package developed by the Naval Avionics Facility,
Indianapolis. This configuration centers on a 40-
pin connector with an attached mounting surface.
However, the basic ceramic modules measure only
1 inch by 2 inches—about % the size of the nafi
module. Obviously, if small size were crucial, some
other packaging arrangement could be adopted to
take advantage of the compactness of the Raytheon
modules. ®

Electronics | August 4, 1969



400 Hz
RCA Triacs—
ready

to take over!

120-V line operation and
200- and 400-V repetitive peak
off-state blocking voltages

Up in the air about 400 Hz controls? Would you
like to forget electro-mechanical relays or
switches for such aircraft applications as lighting
controls for cabins and running lights; heater
controls; motor controls; hydraulic valve con-
trols? RCA has the answer: new 400 Hz triacs
ready for your evaluation and inclusion in your
circuit designs. Look at the tabulation of units
you can work with—at RMS currents from 0.5 A
to 40 A and repetitive peak off-state blocking
voltages of 200 V and 400 V—all designed for
400-Hz operation and available in two and three-
lead modified TO-5, press-fit and stud type
packages.

Ask your local RCA Representative or your RCA
Distributor for details. For preliminary technical
data sheets to aid in your evaluation of these
units for airborne controls applications, write
RCA Electronic Components, Commercial
Engineering, Section RN8-1Harrison, N. J. 07029.
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MAXIMUM RATINGS

0.5 A l;,,—in 3-lead
modified TO-5

TA7654 200V 10mA
TA7655 400V 10mA
TA7656 200V 25 mA
TA7657 400V 25 mA

2.5 A l;—2-lead
modified TO-5

TA7671 200V 25mA
TA7672 400V 25 mA

6 A |;n—press-fit or stud
TA7642 200V press-fit
TA7643 400V press-fit
TA7644 200V stud
TA7645 400V stud

10 A I;,,—press-fit or stud
TA7614 200V press-fit

lgt
Igt
lgt
lgt

lgt
lgt

TA7615 400V press-fit
TA7616 200V stud
TA7617 400V stud

15 A |;m,—press-fit or stud
TA7618 200V press-fit
TA7619 400V press-fit
TA7620 200V stud
TA7621 400V stud

25 A |,,,—press-fit or stud
TA7646 200V press-fit
TA7647 400V press-fit
TA7648 200V stud
TA7649 400V stud

40 A |,,.—press-fit or stud
TA7650 200V press-fit
TA7651 400V press-fit
TA7652 200V stud
TA7653 400V stud

IREGAE Thyristors

Circle 101 on reader service card
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Consumer electronics

Color tv gets a

badly needed face-lift

An automatic tint-control circuit cuts down the fluctuation in flesh colors
by correcting phase errors before the chroma signal is demodulated

By Gene McLin and Paul Knauer
Magnavox Co., Fort Wayne, Ind.

Like a yo-yo on a string, a color-tv viewer has
to get up constantly from his favorite easy chair
to adjust the tint because of the fluctuations in
the picture’s flesh tones. These fluctuations—oc-
curring principally when channels are changed or
when cameras switch from live to tape—are more
than a bother to viewers, they’re a major headache
to television engineers. And until now, no relief
has been in sight.

But the picture is changing, and relief is in-
deed on the way—in the form of an automatic-
tint control (ATC) circuit developed by engineers
at the Magnavox Co. to correct phase errors. The
circuit, which is included in some models of the
set maker’s 1970-line, may not always eliminate
tint fluctuations completely, but it goes a long
way toward reducing the ups and downs of view-
ers. And, hopefully, only Martians will be green-
skinned, not humans. Magnavox’ solution to the
problem of how to compensate for the phase dif-
ferences between one signal and another is to
detect phase errors in the flesh tone region before
the choma signal is demodulated, and then correct
these errors automatically. The ATC circuit does
this by sensing the phase difference between a
reference burst and the color signal, and then de-
veloping a correction signal to restore the desired
hue. The correction signal is generated by two
gates—a yellow gate and a red gate—and a 3.58-
megahertz switch, which turns on the gates at
the proper signal phase.

Besides the switch and gates, the ATC circuitry
—above right in block diagram form—includes a
separate ATC switch, four phase-shifting networks
and a color preference control.

The chroma signal, picked off a bandpass ampli-
fier, is simultaneously applied to the yellow gate
and, after a phase shift, to the red gate. Each
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gate conducts when there’s a chroma signal of a
certain phase present and when the 3.58-Mhz
switch is turned on by a reference signal, “X,”
from the tv set’s 3.58-Mhz oscillator. A yellow
chroma signal produces a maximum output from
the yellow gate, but only a minimum output from
the red gate. The opposite is true with a red
chroma signal.

The yellow gate’s output is phase shifted and
applied to a chroma amplifier where it’s combined
with the original chroma signal to correct flesh
tones that appear in the yellow or green areas.
The red gate’s output is also phase shifted, but
in the opposite direction, and applied to the am-
plifier to correct flesh tones in the red or the ma-
genta areas.

The changing colors

Regardless of hue, the chroma signal is a 3.58-
Mhz sine wave voltage, as is the burst signal. The
difference between one hue and another is es-
tablished by the phase of their sine waves with
respect to that of the burst signal. And since
the positive peak of the reference burst sine wave
is considered as 0° on a color-spectrum wheel,
below right, different hues can be identified by
the degree the positive peaks of their sine waves
lead or lag the reference burst sine wave. Thus it
can be seen that a yellow chroma signal, for ex-
ample, lags the burst by 13°; a magenta signal
lags by 119° and a green chroma signal lags by
299°. Therefore, a chroma signal of 0° has a
greenish-yellow hue and is in phase with the burst.

Since some colors—particularly blue and green
—are dominant, they cover wide segments of the
color wheel. Slight phase errors are barely notice-
able in those signals. Flesh tones, however, cover
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a very narrow range in the orange portion of
the spectrum. Here, slight phase errors have a
major impact on the color-tv picture. Critical set-
ting of the tint control is therefore necessary for
satisfactory reproduction of flesh color, which,
from the viewer’s point of view, determines the
quality of his picture.

Flesh tones originate at a chroma-signal phase
of 57°. When this phase, called the I vector, is
moved closer to the burst phase, flesh tone takes
on a greenish hue; shifted further away toward
90°, flesh tone becomes reddish. When the I vector
is below 57°, the yellow gate generates a correc-
tion signal to bring the vector back to the ideal;
when it’s above, the red gate takes over to bring
the vector back to 57°

Viewer in control

Although the correction signals themselves are
generated automatically, the amount of correction
is under the control of the viewer who is provided
with an ATC switch and a preference control. The
setting of the preference control determines the
hue of the flesh tone after correction.

The ATC switch operates in two positions, either
full or partial. With the switch in the full position,
colors that fall within approximately #30° of the
I vector receive 100% correction—all colors are
placed at the position of the I vector. Partial
positioning of the switch, however, will yield only
50% correction for colors falling within this ==30°
range. The correction signal is then coupled to
the chroma amplifier, which also receives the orig-
inal chroma signal through the wiper arm of the
color control.

The setting of the color control determines both
the amplitude of the original chroma signal and the
amount of signal that is coupled to the red and yel-
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Color spectrum. Any hue may be identified by the
number of degrees it leads or lags the burst O°reference.

low gates. As a result, changes in one automatically
result in changes in the other, and the proper
signal ratios are maintained. However, the amount
of correction can be controlled by the ATC switch,
which inserts one of two fixed amounts of attenua-
tion in the signal path.

Forward bias for the gate transistors is obtained
from a 20-volt power supply through respective
10-kilohm resistors and a diode. The diode, which
is forward biased by the supply voltage, develops
a 0.6-volt d-c drop. This voltage, insufficient to
cause any appreciable amount of current to flow
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Vectorscope displays. The demodulated color bar
patierns depict the phase relationships of the chroma
signal color elements with respect to the burst signal at
0°. The flesh tone hues are at 57°. In the photo at top
left, the vectors are 30° apart; the third bar, a
predominantly red R-Y signal, is at 90°. The effectiveness
of full tint correcticn is shown in the photo above where
colors wi_hin #=30° of the flesh tone region —57°—overlap.
In the photo at left, however, the bars on either side of
the 57° vector are only partially pulled in, as required
when the ATC switch is flipped to its partial position.
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through the gates, is then applied to the base of
the gates. Only when the gates’ emitters are con-
nected to ground through the 3.58-Mhz switch
will the gates conduct with a chroma signal. Thus
the switch determines when the chroma signal
will be sampled. And, the phase of the “X” or
reference signal is what determines when the
switch turns on.

The phase of the “X” signal is approximately
90° with respect to the burst signal. In the ATC
circuit, top left, a phase shifting network—com-
prising capacitors, C; and Cg, inductor L; and
the preference control—advances the phase of the
X signal to +13°. But this may be varied +30°
with the preference control, whose precise setting
precise setting produces the desired flesh tone hue.

Because the switch conducts only on the posi-
tive half cycles of the X signal, the “on” time
of the gates is relatively short. Also, the chroma
signal at the base of the gates must be positive to
produce a correction signal at the collector.
Chroma signals between yellow and magenta,
13° to 119°, are positive-going during sample
time and thus produce correction signals. Blue,
cyan, and green signals, however, are in the nega-
tive portion of their cycles during sample time
and their correction signals aren’t produced.

The chroma signal is coupled directly to the
yellow gate, and, after being advanced 90° in
phase by capacitor C¢ and inductor Ly, the signal
is applied to the red gate.

Maximum output from the yellow gate is ob-
tained with a yellow chroma input signal because
the signal is at its positive peak just as the gate
turns on at 13°. But at the red gate, the yellow
signal produces little output because it is advanced
in phase. Thus, when the red gate is turned on at
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Vectors Phase shift(°)

1 27 Original chroma and signal input to
yellow gate. Phase error is 30°
toward yellow (57° —30°).

2 13 Sample time of yellow gate

3 193 Yellow gate output (13° + 180°).
Base signal at turn-on time
determines amplitude.

4 283 Collector signal delayed 90°.

5 103 Chroma amplifier inverts vector 4
180°. This is the correction signal.

6 57 Resultant of vectors 1 and 5 added

in chroma amplifier.

Correcting for yellow. For a 30° error, the phase of the
yellow correction signal at the chroma amplifier is about
103°. The red signal phase is 343° at the same point.

13° the chroma signal is passing through zero
and cannot forward bias the gate.

Similarly, maximum output from the red gate is
obtained with a reddish chroma signal having a
phase angle of 103°. The phase is shifted 90° to
13°. Thus, the chroma signal is at its peak when
the red gate turns on at 13°. Little output is pro-
duced from the yellow gate because the chroma
signal is passing through zero when the yellow
gate conducts at 13°.

A vector display on opposite page points up the
phase relationships of the 10 bars in a demodu-
lated color-bar pattern. The bars are 30° apart.
At the collector of the yellow gate, the first bar
produces the highest output. The outputs of the
second and third bars are progressively lower. At
the collector of the red gate, the outputs of the
third and fourth bars are about equal; the outputs
of the remaining bars are progressively lower.
There is no appreciable output from either gate
for the last five bars for blue, cyan, and green.

The red- and yellow-gate correction signals are
inverted 180° and must be further shifted in phase
before they are added to the original chroma signal.
The yellow-gate signal is delayed about 90° by
inductor L, and capacitor C;. The red gate signal
is advanced in phase about 30° by capacitor Cs
and inductor L. Both signals are again inverted
180° but this time in the chroma amplifier.

When flesh-tone hues shift from 57° toward
yellow, the correction signal produced at 103°
adds vectorially to the original chroma signal.
When the ATC switch is at full, and the chroma
error does not exceed 30°, the result is the ideal,
57°. When the hues shift toward red, the red-
correction signal produced at 343° adds to the
chroma signal to produce the ideal flesh tone. ®
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Announcing the“Freon’
Solvent Drying System.
Dries water-wet parts spot-free
at118°F...in 3 easy steps.

1. Lower the parts into the drying sump
containing FREON® T-DA 35 solvent

boiling at 118°F. Low-temperature boil- 2. Remove the parts and allow
ing eliminates water spotting caused the excess solvent to drain

by the evaporation of water. (This system, back into the drying sump.
using the high density of FREON, (The solventis re-usable—no
works by the displacement of water, need to discard the solvent
rather than its evaporation.) No spotting because it is saturated with

of parts means fewer rejects. And the water.) After draining, lower
low-temperature operation also helps to the parts into the first rinse
protect delicate parts. The system is sump containing FREON TF.

compatible with most plastics,
elastomers and metals.
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The whole, remarkably simple

3. Remove the parts from the first operation takes only a few short

rinse sump. Allow to drain and then minutes. Furthermore, it is com-
place in the second rinse sump. pletely safe. FREON solvents are
Remove the parts and hold them nonflammable, nonexplosive,
in the vapor zone above the nonirritating and low in toxicity.
sump. When the dripping stops, For further information on the
remove the parts from the drying efficient, economical FREON
system. Parts will be completely dry, Solvent Drying System, write:
spot-free and immediately ready DuPont Company, Room 7304-F
for further processing. Wilmington, Delaware 19898.
®
FREON' SOLVENT Freon

Drying System solvents

®Du Pont registered trademark for its fluorocarban cleaning agent.
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® When and if managers get around to toasting 1969,
they’ll probably reach for beer, rather than champagne.
Just past the halfway point, it looks like a good year but
far from a great one for the U.S. electronics industry. On
the basis of preliminary data for the first six months,
electronics is still expected to be a $25 billion business
during 1969. This level represents a 6% or so improve-
ment over the year-earlier performance, but 5% of the
dollar gain is attributable to inflation.

Outlets directly or indirectly dependent on Govern-
ment largesse have experienced rough going of late, and
suppliers can look forward to more of the same. The vot-
ing public’s disenchantment with, among other things,
the war in Vietnam is triggering a shift in priorities atop
Capitol Hill. Defense and aerospace contractors are get-
ting decidedly the worst of it in skirmishes with politi-
cally sensitive budget cutters.

The FAA, long forced to subsist on short rations, may
prove a bright spot in the Federal picture if a proposed
$5.6 billion program to overhaul the nation’s airways and
terminals gets off the ground. But prospects must still be
rated iffy since new taxes will be required. On balance,
there’s little in the way of Government-funded efforts to
take up the slack resulting from cutbacks in military and
space allocations. Despite the enthusiastic lip service
paid the application of advanced technology to pressing
societal problems, partially as a result of the Adminis-

Silvan setting. Small,
rugged two-way radios
' like this Handie-Talkie
! unit from Motorola are
increasingly popular with
communications users as
diverse as lumber
companies and law
enforcement agencies.

tration’s struggle to brake inflation, only a few show-
case projects have actually been underwritten. Over the
longer run, the electronics and aerospace industries will
play increasingly important roles in health, education,
pollution control, urban renewal, and the like. But for
the moment at least, pickings are slim.

The immediate outlook in the commercial, industrial,
and consumer sectors is far rosier, albeit not without a
few dark spots. Instrumentation houses, for example,
have been hurt by the decelerating rate of gain in re-
search and development outlays, but can look forward
to a sizable pent-up demand for their wares. Industrial
equipment suppliers, embracing integrated circuitry in
a big way for the first time, are likewise hampered by
such developments as continuance of the surtax and
prospective suspension of the investment tax credit. But
demand for their products and systems continues strong.
In fact, within the next couple of years, the combined
sales of industrial and commercial electronics concerns—
including those of perenially prosperous computer mak-
ers—promise to exceed the total Government market—an
eventuality that augurs well for the industry’s future
stability and profitability.

Consumers, notwithstanding a deteriorating stock
market, inflation curbs, and tight money, continue to
spend freely for electronic goods. The only problem
from domestic producers’ standpoints is that more of

Fundamentally, electronics is on solid ground
as a result of semiconductor suppliers’
achievements in integrated circuitry of all kinds
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their purchases are labeled made in Japan. The indus-
try as a whole is enjoying a far less favorable balance of
trade, but the problem is acute in the consumer field.

Fundamentally, however, electronics is on solid ground
as a result of semiconductor suppliers’ remarkable
achievements in integrated circuitry of all kinds. Market
penetration continues to amaze even the most optimistic,
and the best bet is that performance will outstrip pro-
jection by a wide margin for some time to come.

At the outset of 1969, Pentagon brass were looking
forward to a year of transition during which R&D out-
lays would make an orderly transition from tactical to
strategic projects. But a funny thing happened on the
way to the Treasury. The Senate’s Armed Service’s
Committee—headed by hawkish John Stennis (D., Miss.)
—heavily edited the Pentagon's shopping list; the re-
search, development, test, and engineering request was
dropped 13% to around $7.2 billion. The outlook in the
House is equally bleak; representatives, pressed by con-
stituents outraged by the war and well-publicized cost
over-runs, are also in a mood to blue-pencil military pro-
curement requests.

The prospective slashes in RDT&E allocations for air-
craft, missiles, ships, and tracked vehicles come as a
real shock to Pentagon planners. The defense dollar
buys about 25% less than it did five years ago because
of spiraling costs and systems’ increasing complexity.

Prelude. Astronauts Armstrong and
Aldrin, first men on the moon, practice
collecting surface samples at Manned
Spacecraft Center in Houston. Lunar
module is in the background.
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Sequence. Astronauts Stafford and
Cernan aboard Apollo 10’s lunar module
saw this earth rise from the

moon'’s farside highlands.

And the significance of the pruning goes far beyond
threats to the Safeguard ABM (antiballistic missile)—a
$345.5 million item that squeaked through the committee
by a 10-to-seven vote. Across-the-board cuts are going to
hurt a lot of programs in a number of technologies.
Moreover, it was evidently a miscalculation to assume,
as many Pentagon strategists did, that economies
achieved by “voluntarily” scrubbing the Air Force’s
Manned Orbiting Laboratory and the Army’s AH-56A
helicopter would mollify budget cutters.

The casualty list to date, in addition to MOL and the
Cheyenne, encompasses 12 major programs. Left for
dead or among the missing are such electronics-laden
projects as SAM-D, the Army’s surface-to-air missile; the
E-2C, an updated electronic intelligence and picket air-
craft for the Navy; and an underseas long-range missile
system. Among the gravely wounded are the Navy’s
S-3A (VSX) antisubmarine warfare aircraft, the Air
Force’s airborne warning and control system (Awacs),
the advanced manned strategic aircraft (AMSA), and the
Mark II avionics system for the ill-starred F-111.

An imponderable in the current outlook for military
spending is the imminence of arms control talks between
the U.S. and Russia. Upcoming negotiations promise to
be different in kind from those that led to such past
agreements as the atmospheric nuclear test ban treaty
and the nonproliferation pact. In fine, both sides seem

Selected

instrumentation

sincerely interested in seeking a genuine freeze on fur-
ther costly testing and deployment of offensive and de-
fensive atomic weapons systems. At the moment, there’s
no telling how far-reaching or definitive agreements
might be. But assuming some sort of accord is worked
out within the next few years, the impact on electronics
and weapons-systems supplier’s would be substantial.
Space doesn’t appear to offer much promise as a hard-
ware outlet over the intermediate term. Though Apollo
11 has gone to glory, planners at the National Aeronau-
tics and Space Administration still must chart a course
for the 1970’s—a task made no easier by the fact that the
total space budget is in eclipse for the seventh straight
year. Pending final adjustments, civilian and military
agencies will have about $5.6 billion in new obligational
authority and $5.7 billion to spend in fiscal 1970, which
began July 1. This represents quite a comedown from,
say, calendar 1966 when outlays reached $7.7 billion.
NASA’s share of the pot is around $3.8 billion, over
20% below the amount originally requested last fall. The
space agency has dubbed its short ration for fiscal 1970
“a holding budget.” This may prove an optimistic as-
sessment in light of requirements. Most of the money is
already earmarked for Apollo flights, ongoing unmanned
series of spacecraft, a few new unmanned starts, lunar
exploration, and some facilities expansion. As a result,
there’s precious little seed money for 1970’s projects.

Selected
computer

markets*

Spectrum analyzers

Signal generators

Sweep generators

Pulse generators

Oscillators

Waveform generators

Counters

Timers

Digital voltmeters

Impedance measuring equipment

Oscilloscopes (including access
and plug-ins)

Recording instruments, digital &
analog

*includes microwave
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markets

1,275.0 1,265.0
174 18.3
43.8 45.7
423 43.9
13.1 15.2
19.4 20.6

9.6 10.7
4.7 422
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What’s more, only modest amounts of what’s to be spent
will wind up in the coffers of electronics concerns.
Manned space-flight activities, for example, will take
a $2 billion chunk of the NASA budget. Most of this
amount is earmarked for Apollo hardware and support.
There is, however, $135 million for the Apollo Applica-
tions Program. This scaled-down project now encom-
passes a 28-man space workshop, a telescope mount for
solar astronomy studies, and working-mission studies.
Applications efforts are slated for around $130 million.
Of interest to aerospace and electronics companies are
hardware allocations for Nimbus weather satellites E
and F, two synchronous meterological satellites, appli-
cations technology satellites F and G, earth resources
technology satellites A and B, and orbiting solar ob-
servatory H. Launch vehicles, the bioscience program,
and physics and astronomy programs will account for
the rest of the funds coming to the Office of Space Sci-
ence and Applications. The Office of Advanced Research
and Technology is down for nearly $280 million in fiscal
1970. But only about $34 million will go for electronics.
Military space spending, which topped $2 billion in
fiscal 1969 will dip to about $1.9 billion this year. The
brass are not dismayed, however, privately estimating
Pentagon space spending will reach $3 billion within
the next few years. The drop is largely attributable to
cancellation of the Air Force’s Manned Orbiting Lab-

Listening post. A flatpack
linear IC drives gallium
arsenide diode supplied by
Tl in this intrusion detection
system offered by Laser
Systems Corp. Diode emits
modulated infrared beam
received by silicon photodiode
in a similar outlet across the
room. System works with
standard alarms.
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oratory program. Prior to MOL’s demise, the armed
forces expected to spend $2.2 billion. It’s well worth
the industry’s while to sweat out such interim setbacks
since about 60% of the military space dollar goes for
electronics. There’s no official breakdown, but the esti-
mate is reasonable in view of the service’s interest in
surveillance and reconnaissance. As it happens, there’s
almost $160 million available for detection systems.

Another $870 million or so will go for support, includ-
ing range instrumentation, satellite detection and track-
ing, and control networks, as well as research and de-
velopment. Set for the biggest percentage increase in
funding is the defense satellite communications system,
which now encompasses 24 spacecraft and 29 ground
terminals around the globe. Outlays will go from $71
million to $149 million.

Elsewhere on the Federal scene, FAA approval of area
navigation to relieve air traffic congestion and the possi-
bility that Congress will establish a multibillion-dollar
fund for developing airports and airways make the mid-
year picture for avionics suppliers brighter than short-
term indicators might suggest. Sales of general-aviation
aircraft, which reached 6,880 units during the first six
months of 1969, were 4% below year-earlier levels. And
deliveries of commercial planes are at a virtual standstill
as the airlines await the jumbo jets and airbuses.

But the Federal Aviation Administration’s blessing of
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area navigation—belated though it may be—should gen-
erate a sizable outlet for a new type of avionics gear for
both general-aviation and commercial craft. “The mar-
ket will start slowly and then bloom, as was the case
with transponders and distance-measuring equipment,”
says Victor Kayne, vice president of the Aircraft Owners
and Pilots Association.

Computer-based area-navigation equipment allows a
plane to operate along almost any air route provided it’s
within range of very-high-frequency omnirange (VOR)
ground stations. The advantage is a straight-line flight
path; the pilot does not have to waste time dog-legging
from one VOR station to the next. Moreover, area naviga-
tion systems can furnish vertical guidance, as well as
horizontal position information, permitting instrument
approaches at airports not equipped with ILS.

“We’ll ship as many units as we can produce, prob-
ably several hundred this year,” says Gilbert F. Quinby,
vice president, market planning at Narco Scientific In-
dustries’ Avionics division. The company offers a low-
cost ($2,855) set—basically a course-line computer—de-
signed for general-aviation craft. Commercial airlines
are keenly interested in area navigation. Eastern, Mo-
hawk, Continental, American, and United, among others,
have been flight-checking various configurations.

The potential of area navigation for the airlines is
apparent in the fact that the ATA is already calling for

In the picture. TTL is getting
a workout in an increasing
number of commercial and
industrial applications. This
alphanumeric generator uses
MSI devices supplied by
Texas Instruments.

expanded use in a report issued last month. The organ-
ization’s Air Traffic Control Systems Planning Group,
which did the work, also recommends, among other
things, early introduction of automatic digital communi-
cations into the air traffic control system to cut down on
the voice messages cluttering the airwaves. Suppliers of
digital gear got another boost in June when the data link
subcommittee of the Airlines Electronic Engineering
Committee met to consider a systems standard covering
such parameters as data rate, modulation techniques,
and error detection and correction schemes. Industry
sources estimate that digital communications could be
commercially operational as early as 1971.

But best of all, the Nixon Administration earlier this
year made a dramatic proposal to establish a $5.6 bil-
lion fund for developing airways and airports and reduc-
ing terminal congestion over a 10-year period. The avia-
tion subcommittee of the Senate’s Committee on Com-
merce is now holding hearings on enabling legislation.
The program would be underwritten by higher taxes on
passenger tickets, air freight, and fuel. If all goes well,
some $600 million would be invested in R&D, and $250
million would be spent annually for new equipment,
most of it electronic. The balance would be available
for building new airports and improving old ones.

In a field keyed, but not tied, to Government outlays—
instrumentation—producers were predicting steady but

Exception. Sales of commercial
broadcast equipment are about even
with year-earlier levels. But RCA reports
the TK-44A color camera, which it
began delivering recently, is moving
briskly.
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unspectacular sales increases for their wares at the start
of 1969. Many, however, have been chagrined to find the
rate of gain even more unspectacular than planned as
the year unfolded. War priorities are still siphoning
funds from Government-supported research activities,
social programs, and advanced defense and space sys-
tems. Since instrument purchases can generally be de-
ferred, demand has softened significantly. Continuation
of the Federal income tax surcharge and prospective sus-
pension of the investment tax credit, along with a drop-
off in orders from foreign outlets, have added to the
difficulties. As a result, companies are scrambling hard
for the available business. But a handicap from the mar-
keting standpoint is the paucity of compellingly innova-
tive new products to tempt cash-strapped customers. The
trend to versatile, computer-based systems should, how-
ever, provide a handsome payoff over the longer run.

Roger Swanson, director of marketing at Weston’s
Instruments division, says: “We anticipated market
growth of 1% to 2%. Instead, outlets for (pointer-type)
panel meters, portable units, and aerospace systems were
off about 10% industrywide. Everyone—the Government,
original-equipment manufacturers, and distributors—cut
back. The surtax is getting a lot of the blame, but I
don’t see any connection. We do, however, expect things
to pick up from here on out.”

Myron Pogue, manager of marketing at Monsanto’s
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Electronic Instruments division, shares Swanson’s op-
timism for the balance of the year, but he believes Ad-
ministration tax moves have had at least a temporary
impact on purchases. “The need for instruments is still
there, however,” he says. “Once people get over the
shock, the market will recover again.”

Among other things, the slowdown is attributable to
the slackening pace of foreign sales because of European
manufacturers’ growing skills, according to Anthony
Oliverio, vice president for sales at Keithley Instruments.
To an extent, industry problems have been offset by price
hikes, particularly on catalog items, he says. On balance,
Oliverio is looking for a good year.

Congestion is beginning to account for a fair measure
of the instrumentation field’s current woes. At the IEEE
show in March, for example, half a dozen companies un-
veiled new counters. And this month at Wescon, Dana
Labs and General Radio, among others, will introduce
new units; Monsanto will preview 5-digit and 9-digit
counters with light-emitting diode displays.

The Laboratory oscilloscope market is likewise becom-
ing crowded. Once the private preserve of Tektronix and
Hewlett-Packard, this field is being eyed by Philips and
Monsanto, which are readying 50-megahertz models for
introduction. In the meantime, Tektronix is bringing out
a whole new line of scopes, while H-P has come up with
a 250-Mhz unit—the fastest lab unit available.

Computer makers during recent months—and years—
have had things easier, contenting themselves with re-
finements, rather than innovations, on their fast-selling
third-generation machines. Aside from the proliferation
of bantamweight minimodels, most of the action’s in
peripherals. In this field, which is growing perhaps twice
as fast as the main-frame business, there’s been a spurt
in low-cost crt displays with alphanumeric readouts.

From a business standpoint, the decision by the indus-
try’s colossus, IBM, to unbundle—sell software and sup-
port services separately from hardware—will have wide-
spread, if immediately indeterminate, effects. Though the
returns are not all in yet, it appears probable many of
IBM’s rivals will follow suit. One notable exception:
Honeywell, which will stick with its pricing policies.

In memory technology, ferrite cores remain entrenched
despite continuing improvements in plated wire and
semiconductors. The cache concept, first implemented
in IBM’s System 360/85 machines early last year, prom-
ises to keep cores in the driver’s seat for a while yet.
A cache is a small fast unit storing data from locations
most recently addressed. Since the processor is apt to
want this information again, the cache greatly enhances
systems performance. A number of computer makers are
studying the possibility of using it in their machines.

Not so long ago time sharing was considered the wave
of the future; at the moment, it’s unquestionably a fact
of life. The next step seems to be linking unlike machines
into a versatile network as the Pentagon’s Advanced
Projects Research Agency is doing. Remote-access sys-
tems, going beyond time sharing to include systems with
restricted language inputs, like Fortran-only and where
the user’s actions influence another’s output—for exam-
ple, airline reservation set-ups—are also on an upward
track. Likewise, remote batch-processing installations in
which users have quick, but not immediate, response
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and cannot have independent and simultaneous use of
the central processor, should continue to do well.

The computer boom is, of course producing an infor-
mation explosion. One result is that terminal equipment
in general and modems in particular are pacing the com-
mercial communications market. Prior to the Carter-
phone decision, which permitted “foreign” attachments
on phone lines, common carriers had a 95% piece of the
modem action; lately, however, their share.of this boom-
ing outlet has been. closer to 65%. Annual volume, now
around $91 million, is expected to exceed $155 million
by 1972 as demand rises for digital systems.

Over the longer run, no more than 40% of the modem
market is expected to be siphoned away from AT&T
largely because of its extensive and unmatched service
facilities. Another possible brake on independents’
growth is the trend among major suppliers to build
modems right into terminal systems.

In the meantime, AT&T’s Picturephone, which can
handle data, as well as voice and picture transmissions,
has come through an initial check in which 40 sets were
installed at Westinghouse. The results of this field test
are being checked—a process which will take until mid-
October. But a spokesman terms the Picturephone out-
look “extremely favorable.” Bell will, he says, be offering
commercial service on a limited basis in metropolitan
centers within two years.

Land-mobile sets continue to move well. By 1980,
the number of licensed transmitters, now about 2.5 mil-
lion, will have tripled according to FCC estimates. Law-
enforcement applications will account for a growing
share of sales. In February, for example, New York City
ordered 2,230 two-way radio sets from Motorola for its
police department. These units, which sell for $700 each,
are slightly larger than a pack of cigarettes and weigh
less than a pound apiece.

In another area of the commercial field, integrated cir-
cuits continue to make gains in process-control and ma-
chinery applications. Industrial designers are accepting
IC’s at a surprisingly rapid rate, and semiconductor
houses may have to revise their market forecasts up-
ward. One of the reasons for the surge is the MOS read-
only memory which is easy to use. Gene Carter, MOS
product manager at National Semiconductor, says, “If a
guy can write a truth table, he can use an ROM.” In
effect, a tiny, fixed-program computer on a chip, the
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Long shot. Apollo 10’s
command and service
modules are photographed
from the lunar module
shortly after separation in
moon orbit.

Mission to Mars. Mariner
series of spacecraft is
designed to study the red
planet’s surface and
atmosphere, establishing a
basis for further searches
for extraterrestrial life.

ROM can control, for example, a milling machine, start-
ing, stopping, and moving the cutting table.

The equipment designer supplies the IC manufacturer
with the bit code for each address. The manufacturer
programs the ROM accordingly by depositing metal in-
terconnections on the chip; a gate electrode can be left
open or closed depending on whether the bit it com-
prises is a 1 or a 0. Cost per bit for an MOS ROM is about
5 cents—low enough to entice designers in fields as di-
verse as construction equipment and displays.

Bipolar logic IC’s are also on the best-seller list though
controversy between advocates of high-level (15-volt)
and low-level (5-volt) designs is still unresolved. Pro-
ducers of high-level IC’s like Amelco and Motorola claim
greater noise immunity for their products and, hence,
greater suitability for electrically noisy industrial envi-
ronments. But such rivals as Fairchild and Texas Instru-
ments say high-level logic is too expensive, contending
that with easy and inexpensive shielding, low-level tran-
sistor-transistor logic can be noise-immune too.

Customers are giving aid and comfort to both sides.
TTL shows every sign of becoming a workhorse in indus-
trial control, and high-level logic continues to rack up
enviable sales volume. “The growth of the market has
been exponential,” says Lane Garrett, a new products
manager at Motorola, which goes both ways. “A year
ago I made some economic predictions which I felt
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were a little optimistic. But to date we're strictly on tar-
get, and the open orders are above expectations.”
During the past six months, distributor sales of con-
sumer electronics goods have also been growing at a fast
clip. As it happens, however, the greatest gains were
racked up by Japanese manufacturers; they've sold do-
mestic importers twice as many television sets and 56%
more radios, hi-fi components, and tape recorders, as
well as 16% more radio-phono combinations than a year
earlier. This invasion of a once-private preserve is caus-
ing deep concern among domestic manufacturers.
According to Masao Tsuchiya, executive director of
the Electronic Industries Association of Japan, about
80% of the products displayed at the Consumer Elec-
tronics Show in New York during June were imports
from Japan, or at least contained parts made in Japan.
In addition, most of the American companies use Japa-

Selected
consumer electronics
markets

Monochrome tv receivers 110.0 120.0
Color tv receivers 542.0 580.0
A-m and f-m radios 79.3 78.6
Auto radios 89.0 84.4
Automobile tape players 9.2 8.1
Phonographs, total 115.0 139.0
Tape recorders, audio 47.8 48.9
Tape cartridges 34.9 35.2
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nese-made components or subassemblies in their wares.
Tsuchiya does not consider the status quo unduly one-
sided. “Importers and executives at some of your largest
electronics companies have told me that agitation comes
from only a handful of companies who want a protective
shelter at the expense of both the consumer and the
growth of the industry,” he says.

“That's jawbone music,” retorts Victor H. Pomper,
president of H. H. Scott, a top hi-fi component maker.
“The Japanese government, by direct action and by sub-
terfuge, effectively protects its domestic market from
foreign competition. Whether it’s automobiles, electron-
ics, or computers, they do not allow foreign competition
or capital unless the Japanese industry so thoroughly
dominates a given area that foreign competition would
not be a significant threat.”

On  the home front all-solid-state color sets aren’t
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expected to flood the market any time soon. Marketing
men agree consumers aren’t quite ready to ante up $200
more to own one. As a result few top set makers are
ready to tie up engineering talent on such a project.
“Hybridization provides both performance and reliability
without a premium,” says Thomas H. Cashin, senior
vice president at Sylvania. Ilis opinion is shared by many
industry colleagues. Nonetheless, for prestige several
more firms, including Emerson Radio, will produce all-
solid-state color sets in limited runs for next year’s line.
Clairtone Electronic, a Canadian outfit plans to invade
the American market with a receiver next year.

And for the moment, electronic tuning has not lived
up to its press clippings and won’t replace standard
switched systems for several years. Set makers contend
cost is the big hurdle, but engineers point to the poor
tracking performance of the tuner diodes as a big fac-
tor. Producers are now checking performance reliability
against the higher costs involved with the hope of com-
ing up with marketable configurations.

But failures in the realm of solid state are now more
the exception than the rule. So far this year, dollar vol-
ume in integrated circuits is exceeding expectations,
despite the depressing influence of military and space
cutbacks, price reductions, and a disappointing linear
market. The big reason is booming demand from the
data processing industry, particularly suppliers of peri-
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Closeup. Hybrid circuits are
giving semiconductor
suppliers and users a real

run for their money these
days. This one from Tl is used
in a Honeywell 8200
computer because of the

high current-switching
capability required for

core driving.

pheral equipment. Texas Instruments expects total in-
dustry sales next year of $40 million in MOS IC’s alone
for small memories and terminal equipment.

TI's move in early June to slash prices on its 54/74
series of transistor-transistor logic precipitated similar
reductions by other manufacturers. Despite the average
30% drop in unit prices for this family, market planners
are confident larger orders will offset the revised loss.

Linear IC’s have also suffered severe price erosion.
Although unit volume is up sharply, total sales are up
only a few percentage points. Moreover IC sense ampli-
fiers are getting stiff competition from discrete devices,
which computer makers, for example, prefer as an inter-
face for core memories. The reason: IC’s just haven’t
been able to match the performance of discrete compo-
nents in this application.

But the longer term outlook is promising. National
Semiconductor, for example, contends that price cutting
made voltage regulators and op amps attractive for new
equipment designs. Now that these designs are getting
into production, demand will rise. For nine months, a
source there reports, industry shipments of linear IC’s
hovered at just over 1.5 million units a month. But now,
he says, it looks as though the market is finally taking
off; shipments have risen to the two-million level during
the last few months.

Softness in TTL and linear IC prices notwithstanding,

Best seller. Since the
Carterphone decision, the
hottest thing in the
communications field has
been modems. Among the
units on the market is
Ultronics’ Series 2400 Data
Pump, which receives and
transmits synchronous digital
data over voice-grade
phone lines.
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the average unit price for all IC’s has remained firm at
about $1.35. One reason is that medium-scale integrated
circuits have become accepted and established. And
since MSI contains many more functional cells than
standard IC’s, it commands a correspondingly higher
price. “Just about every system that’s being designed
today incorporates MSI,” says Don Winstead, marketing
manager at Signetics. He estimates that 15% of the IC
packages in such systems contain MSI circuits. TI's mar-
ket projections support his estimate; MSI will account for
45% of the total TTL dollar sales this year. And by 1972,
the level will be around 65%.

MSI is no longer an exclusively custom-design busi-
ness. Products such as adders, decoders, counters, mem-
ories (one of the fastest growing lines, according to TI),
shift registers, and multiplexers are now catalog items.
MOS LSI, on the other hand, may be shifting in the op-
posite direction. TI's marketing staff, for example, be-
lieves that MOS may turn out to be “a custom, sole-
source situation because of high development costs.”

Plastic IC’s, which have been cheerfully accepted by
industrial and commercial users, have proved a big fac-
tor in the upsurge in orders. Now, despite all the contro-
versy, there appears to be some hope that such devices
stand a good chance of eventually being accepted by the
military. Recent data—from field use as well as lab tests
—has “documented that the military temperature range
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has no adverse effect on the plastic,” according to one
industry source. Other observers agree, noting contrac-
tors are ready, willing, and able to use plastic IC’s, but
are inhibited by the services’ opposition.

Hybrid 1C’s, which are winning an increasing number
of sockets in consumer goods and industrial equipment,
are fostering sizable new outlets for chip capacitors and
resistors that can be bonded directly to substrates. The
market, currently worth about $8 million a year, could
triple within the next 12 months or so, according to in-
formed estimates. For example, Varadyne, which offers
both chip capacitors and resistors plans to introduce
passive hybrids in dual in-line packages for data proc-
essing and military systems. Other firms in one or both
sides of this burgeoning business include Republic Elec-
tronics, the U.S. Capacitor Corp., Sage Electronics, and
Allen-Bradley—all old-line suppliers of discrete devices.

Another component development that bears watching
is a new tantalum nitride thin-film resistor from Western
Electric. The patent-protected devices, available in a
variety of values, are in production at the company’s
Winston-Salem, N.C. plant. (Western Electric is being
pressed to license the development to other manufac-
turers.)

The ceramic-based component, produced with values
from 100 ohms to 100 kilohms, is highly stable and cor-
rosion resistant. Frequency response is equal to or better

Preflight. Tiros operational satellite
undergoes final checks before
successful launch earlier this year.
Spacecraft is ninth in weather-
watch series operated by the
Environmental Science Services
Administration.

than most film-type units. For example, ¥s-watt devices,
tested for more than 10,000 hours at 70°C showed only
0.02% resistance change for 500-ohm resistors and
0.11% change for values of 47 kilohms. By using a co-
planar staple-lead arrangement, mounted on 0.25-inch
centers, a density of more than 450,000 parts per cubic
foot is possible. When power dissipation and costs are
taken into account, these discrete resistors mounted on
printed-wiring boards can compare favorably with ei-
ther thick- or thin-film resistance networks.

Elsewhere in componentry, with companies like Texas
Instruments, Motorola, RCA, Monsanto, and Hewlett-
Packard now making light-sensing and light-emitting
devices, demand for optical semiconductors is growing.
These devices are being used in both discrete and mon-
olithic units displacing mechanical relays, transformers,
indicator lamps, brushless motors, and motor speed con-
trols. TI estimates this market will be worth $50 million
in 1969, believing it could grow to $300 million by 1973.
In addition to large military outlets devices can also be
applied in typewriter keyboards, automatic garage-door
openers, photomultipliers, and alphanumerics. Because
of intense demand and competition, manufacturers ear-
lier this year were selling emitters for $10 apiece; they’re
now targeting unit prices of $3 to $5. If this level is
reached, new markets should open for electro-optic de-
vices, notably in cars and heavy machinery. @

Excelsior. Tiros operational satellite
heads for near-polar, sun
synchronous orbit; craft surveys
global weather conditions once every
24 hours, returning data and

pictures to ESSA stations in Alaska
and Virginia.



Register

here:
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In fact, there are lots of registers here. Because
nobody but nobody makes more — or more
magical — registers than Signetics.

Take our 8270/71. We pack more capa-
bility into it than any other 4-bit shift register on
the market today. (Think a minute. Do you know
another single one that’s fully synchronous, with
parallel, serial input or output? And a clock rate
to 20 MHz? And a common reset line? And
separate load and shift lines to eliminate clock
skew problems? And a “HOLD” state to allow
free-running clock?)

Then there’s our 8275: the transfer reg-
ister we call a quad latch. And 8276: our serial-in,
serial-out, 8-bit shift register. Unlike competing
devices, it’s the only register that actually pre-
vents the transfer of data from master to slave
sections of all eight flip-flops! Result: it lets you
“stop the clock” internally.

And coming soon: the 8200/01 dual
S-bit buffer register. Plus the 8202/03 10-bit
buffer register! For specs, diagrams, other data
on our magic-making family of registers, just
register your interest — by dropping us a line.

Today. The sooner you register, the
sooner we can win your vote!

Signetics Corporation /811 E. Arques Ave., Sunnyvale, Calif. 94086/ A subsidiary of Corning Glass Works
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THE UNDERSEA POWER PLANT THAT GETS
ITS POWER FROM THE SEA ITSELF.




Man has been going to greater and greater

depths beneath the sea in recent years. To

explore, and to work. And he has become in-
creasingly concerned with finding new means
for probing so alien an environment.

One of his most urgent needs is a reliable
source of high peak power that will work most
efficiently under the sea.

One answer promises to be a hy-
draulic energy storage system under
development by General Dynamics’
Electronics Division. It har-
nesses the enormous pres-
sure of the sea itself.

Q

Sea pressure delivers
10,000 horsepower. Figure

1 is a simplified diagram illus-
trating the principle utilized
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Long life independent of discharge
rates. The advantage of General Dynamics’
new concept is that it meets the need for high
power discharges over short intervals of time
at low cost. And that it can be recharged over
a time interval at the demand of the user.

The system also shows promise of an ex-
tremely long life, regardless of the number of
times this energy source is tapped,
or of the rate of power delivery. In

the much weaker electrochem-
ical batteries that have had
to be used in such applica-
tions, severe deterioration
can take place after just a
few cycles at high dis-
charge rate.

A major role in open-
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in the deep-sea energy-stor-
age concept. The upper (transfer) vessel is a
sphere partially filled with oil. A diaphragm
separates the oil and the sea water, and the
top of the sphere is open to the sea.
The lower sphere is a conventional
pressure vessel which is evacu-
ated. The hydraulic device to be
powered by the energy storage
: system is placed between the up-
per and lower vessel.

The complete system is located at depth
in the ocean. Upon demand of the hydraulic
device, the hydrostatic pressure existing in
the upper vessel forces the oil through the de-
vice into the evacuated vessel. The hydraulic
pressure across the device is largely con-
stant throughout the discharge, since the hy-
drostatic pressure of the seadoes notchange,
and since the lower vessel pressure does not
change significantly.

As an example, at a depth of 12,000 feet in
the ocean, a six-foot diameter sphere used
for the lower vessel could enable over 10,000
hp. of flow energy to be sustained for 10 sec-
onds; a 10-foot diameter sphere would sus-

tain this power level for one minute. Other
power levels and vessel sizes are illus-
trated in Figure 2.
= Recharging the system by evacu-
3'- ating the sea water from the filled vessel
can be accomplished with the aid of a small
pump, operated by a mere trickle of power
fed by cable from the surface, or by a power
source self-contained in the undersea work
system itself.

10

1,000

FLOW POWER
(HORSEPOWER)

ing depths to man’s use.
Right now at General Dynamics, sonar and
underwater communications have the high-
est priority for application of this hydraulic-to-
acoustic power conversion technique.

But this concept may soon be assisting in
the search for minerals and operating every-
thing from beacons to underwater drills as
man’s exploration of the sea moves forward.

Sea pressure head energy storage sys-

8888 tems are just one
example of our
undersea work.
General Dynam-
ics builds nuclear
submarines for

PULSE LENGTH -

000

=
s
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the Navy, re-

Vil search and work
[T submersibles, ad-

i / /I c _IT 7 vanced sonar sys-

tems, microelec-
tronic sonobuoy
receivers, sonar calibration range systems,
and ASW tactical displays. They all show what
technology can accomplish when it's handed
a problem. At General Dynamics we put tech-
nology to work solving problems from the bot-
tom of the sea to outer space...and a good
bit in between.

0.1 1.0 10
SPHERICAL RESERVOIR DIAMETER
(FT)

100

GENERAL DYNAMICS

Additional technical information on the deep-sea energy storage sys-
tem is available on request. Write: General Dynamics, Dept. 850,
1 Rockefeller Plaza, New York, N.Y. 10020.
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Two suggestions for saving
space, weight and money
in electronic packaging...

1. Cerro-Flex' flat flexible cable.
2. Cerro-Flex’ flexible printed circuits.

Design engineers responsible for packaging elec-
trical and electronic circuits can save up to 60%
in weight, up to 75% in volume and as much as
50% in installed cost with Cerro-Flex flexible flat
cables and custom-designed printed circuits. And
get more reliable circuitry, as well.

Cerro-Flex flat cables and circuits are available in
a number of different insulating materials for a
wide range of service conditions.

For more information, send for a copy
of Catalog FC-167 to Cerro-Flex Products,
Cerro Wire & Cable Com-
pany, Division of Cerro
Corporation, 330 Boston
Post Road, Old Say-
brook, Connecticut 06475.

CERRO"

WIRE &« CABLE

X CERRD-FLEX" Fal Cables and Circuits
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THE INCOMPARABLE
PAN MAN RECEIVER

Unique performance features in a low-cost sweeping
receiver that is compact and versatile

Receives AM, FM, puise signals, 30 - 300 MHz
High dynamic range
Low noise ;
High spurious signal rejection
Digital readout of tuned frequency with Digital Automatic Frequency
Control
Versatile: for airborne, ship, mobile and fixed site applications
Compact: only 8% inches high by 19 inches wide
» Costs a fraction of what you'd expect

W-J reaffirms its leadership in the surveillance receiver field with the introduction of a
superb new sweeping receiver system: the RS-160.

The system consists of the Type 205 Sweeping and Manual Receiver, the DR0O-308
six-digit Frequency Readout with DAFC (digital automatic frequency control) and the
SM-7301 five-inch Signal Display with beam intensification.

The receiver covers the 30-300 MHz range with four plug-in tuners. RF preselection
consists of four tuned circuits in two coupled pairs which are voltage tuned using varactors.
These circuits provide a high order of IF and image rejection and reduce intermodulation
for signals outside the RF passband. The RF amplifier consists of a dual gate MOSFET fol-
lowed by a junction FET in a cascode configuration for maximum selectivity. This configura-
tion also provides a high reverse isolation to the local oscillator signal which is typically less
than one microvolt at the RF input. A double-balanced mixer provides improved intermodu-
lation characteristics, IF rejection and local oscillator leakage.

Each module is designed to operate with others in a system offering maximum versatility,
compact, attractive design and low cost.

World's largest selection of receiving equipment for CEI DIVISION
surveillance, direction finding and countermeasures A
' 1 ' WATKINS-JOHNSON

6006 Executive Boulevard, Rockville, Maryland 20852 @ (301) 881-3300
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How to you fie together
4 million square miles

of land,3 oceans and

the ionosphere?

The Canadian electronics industry has to tackle the big
jobs—in communications alone, a 17,000 mile broad-
band system provides for message, broadcast and tele-
vision transmission across Canada and into the far north.
And no less than eighteen countries are using Canadian
designed and manufactured microwave relay systems,
many of them important military installations.

Not only does the Canadian electronics industry handle
the big jobs, but it also specializes in short runs ! Today

Canadian companies exhibiting Manitoba Export Corporation
are: WINNIPEG, Manitoba
Precision Electronic Fototek,

Components Limited Division of Hallcraft
TORONTO 15, Ontario Electronics Ltd.

Muirhead Instruments Ltd. WINNIPEG, Manitoba
STRATFORD, Ontario Micro-Com Electronics Ltd.

ESE Limited WINNIPEG 4, Manitoba
REXDALE, Ontario

CANADA does it electronically

new methods of miniaturization are being developed,
particularly in the field of integrated circuits.

Fourteen leading Canadian electronics manufacturers
will be exhibiting a broad spectrum of specialized elec-
tronic products at the 1969 WESCON in the Cow
Palace, San Francisco, August 19-22. Visit the
display . . . find out how Canadian installation services,
training programs and maintenance are tailored to fit
any need anywhere.

Manta Industries Ltd.
WINNIPEG 4, Manitoba

Kameco Electronics Ltd.
MONTREAL 12, Quebec
Cramco Solder Alloys Limited
SCARBOROUGH, Ontario
Ferritronics Limited
RICHMOND HILL, Ontario

Trim-Line Connectors Ltd.
WESTON, Ontario
Welwyn Canada Limited
LONDON, Ontario

Garrett Manufacturing
REXDALE, Ontario

Consul and Trade Commissioner, Commercial Division, Canadian Consulate General
One Maritime Plaza, Golden Gate Center, San Francisco, California 94111
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Unretouched enlarged photo of IRRAVIN
and PVC wire wrapped around tip of sold-
ering gun. Note how IRRAVIN insulation
remains stable, PVC melts and deforms.

IRRAVIN

Hot problem...cool solution.

IRRAVIN insulation won’t melt, flow or shrink back.

This photo was made to demonstrate
the solder iron resistance of IRRAVIN
insulated hook-up wire, compared with
ordinary PVC insulated hook-up wire.
It's proof that low-cost IRRAVIN wire
suits applications where heat, even di-
rect hot solder iron contact, is encoun-
tered. IRRAVIN insulation won’t shrink
back, or deform. It stays in place to
maintain insulation integrity.

IRRAVIN wire can be soldered in
snug spaces, even when terminals are

closely set. This, in addition to a small
0.D., means space-savings, reduced
rework and production time, less scrap.

To get the same product advantages
of IRRAVIN wire you would have to spe-
cify wire that costs a lot more, two to
three times more in fact! With IRRAVIN
wire you not only save on time, space
and waste. . . . you save on the initial
cost too!

Don’t just take our word for it. See
for yourself with a sample.

SEE IRRAVIN Wire at
WESCON August 19-22

Cow Palace, San Francisco Booth 3808

WIRE AND CABLE ITT

It's yours FREE! Write ITT Wire and
Cable Division, Surprenant Products,
International Telephone and Telegraph
Corporation, Pawtucket, Rhode Island
02862. In Europe: ITT Europe-Compo-
nents Group, Lister Road, Basingstoke,
Hants, England.

IRRaVI“—the wire

that stops the grumbles.

Electronics | August 4, 1969
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J exciting reasons to specity

DiI@ilIgEC

Model 262

Digital
Multimeter
(AC, DC, ohms)

A most uncommon .1%0 Multim-
eter for those common, every-
day measurements. A necessity
for design and development,
production, quality control, or
anywhere that DC volts and cur-
rent, AC volts, and ohms are
measured. Battery pack
available.

Model 311 Model 691

Precision
Calibrator

(voltage & current source)

21 Column
Printer

(3 lines per second)

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

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

See us at booth

%375

so essential in electronics today.

%650

with “floating” decimal point.

starting at $77O

DIGIJEC,

by UNITED SYSTEMS CORPORATION

1024 and 1025

o
4

126

< WESCON/69
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918 Woodley Road ® Dayton, Ohio 45403 e (513) 254-6251

Representatives Throughout the World

For Complete
Specifications

request new
catalog D69A
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“‘See us at WESCON—Booth #5615-5618"

Digitally Controlled Power Sources
Include Added Systems-Oriented
Functions

Digitally Controlled Power Sources (DCPS’s) are com-
plete digital-to-analog links between a computer (or
other digital source) and any application requiring a
fast, accurately settable source of dc or low frequency
ac power. Such applications generally require more
than a programmable power supply or D/A converter
with a power amplifier — the DCPS’s include these
added functions in a single compact trouble - free
package:

INTERFACE Customized plug-in interface cards match
the Digitally Controlled Power Source to the computer
(8421 BCD or Binary).

: ISOLATION All digital inputs are floating and isolated
a, ls from the floating analog output, thus avoiding trouble-
some loops between the output ground and computer

ground.

STORAGE Inputs from all digital data lines are stored
upon receipt of a gate signal from the computer. Output
levels are maintained until a new gate signal is received
— thus, the computer is free to perform other tasks in

Ei%':,'-:éé?'""'m the interval between voltage level changes.
DIGITAL SOURCE m 9
¢ — FUNCTION SELECTION Selects the output voltage
range, and isolates the three input bits to the current

conveRTen OUTPUT VOLTAGE D/A CONVERTER Converts one
polarity bit plus 16 BCD voltage bits or 15 binary volt-

l b l_.me I__l o I__. P : limit D/A converter.
]

pEies TOLTAGE TaNGE et age bits to an analog voltage for input to the power
e Y Spowen ouTPUT amplifier. Thus, resolution is 0.5mV for straight binary
AaEcks)” fumerion r_' 1010k and 1mV for BCD operation.
REFERENCES Provide voltage for the Output Voltage
|| o and Current D/A Converters.
CONVERTER
CURRENT LIMIT D/A CONVERTER Sets current limit
FLAG SIGNALS e j of power amplifier to one of eight values.
TO COMPUTER l I

CIRCUIT POWER SUPPLIES Provide all the necessary
dc power — no external power supplies are required.

FEEDBACK Informs the computer when each program-
ming operation is completed and when the output cur-
rent is overloaded.

BIPOLAR POWER AMPLIFIER Programs either side of
zero or through zero without output polarity switches

a
or “notch” effects, with an accuracy of 1mV, 5mV, or
ln One 10mV depending on range and model. Outputs from
—100V to +100V with currents up to 5A are available.

compact package =

HEWLETT ?vw PACKARD

Write for Digitally Controlled Power Brochure. COMPUTER INSTRUMENTATION

100 Locust Avenue, Berkeley Heights
New Jersey 07922 « (201) 464-1234




we're not only first
in hybrid I(s...

we're also second...

power buffer W
NHO002 = NCO0002
NH0002C = NC0002C
J MOS clock driver
NSC NHO0007 = NCO0007
NHO007C = NCO0007C

NHO0009
NHO0009C

\
(

FSC{ SH2001
| sH2001C

Westinghouse

General Instrument was the first to manufacture hybrid
microcircuits. Since that time, some ten years ago, while
others have entered the field, General Instrument has
maintained its no. 1 position by providing not only the
broadest, but the most advanced line of hybrid ICs
available.

As a second source too, General Instrument is no. 1, in
making available exact pin-for-pin replacements for some
of the more popular hybrids being produced by other
manufacturers in the field . . . such as those listed.

two phase clock driver
NCo0o09 ( GENERAL INSTRUMENT

NC0009C

lamp relay driver
NC2001
NC2001C

voltage regulator
WC109T = NC109T

The above General Instrument hybrid ICs are immediately
available from your authorized General Instrument Dis-
tributor.

For full information write, General Instrument Corpora-
tion, Dept. H, 600 West John Street, Hicksville, L.I., N.Y.
11802. (In Europe, write to General Instrument Europe
S.P.A., Piazza Amendola 9, 20149 Milano, Italy; in the
U.K., to General Instrument U.K., LTD., Stonefield Way,
Victoria Rd., South Ruislip, Middlesex, England.)

GENERAL

INSTRUMENT

GENERAL INSTRUMENT CORPORATION ¢ 800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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Characters
per second

150

120

25

Model
Number P-25
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420 P-120A P-150A

What a line

cae of punched tape pel'foratOI'S! And that’s only half the story. We’ve
got the toughest, best designed, and most complete line of perforated tape readers too. Take
your choice of speed and cost from 25 to 1,000 characters per second. Whatever your needs
in perforated tape technology, talk to Tally. Write or call today. Please address Tom Tracy,
Tally Corporation, 8301 South 180th Street, Kent, Washington 98031. Phone: (206) 251-
5500. TWX: 910-423-0895. In Europe and the U.K., address Tally Ltd., 6a George Street,
Croydon, Surrey, England. Phone: (01) 686-6836.

TALLY

See us at WESCON
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truly portable

Tektronix
Type 454
Oscilloscope

with 150 MHz bandwidth, 1.4 ns
risetime, and high photographic
writing speed.

The Tektronix Type 454 brings perform-
ance normally found only in laboratory

oscilloscopes right to your measure-
ment. 150 MHz bandwidth, versatile,

rugged performance capability makes
this instrument ideal for use in loca-
tions where portability is essential and
work space is limited. This 30-lb. pack-
age even packs a complete set of ac-
cessories (including probes) in its snap-
off front panel cover.

Your Tektronix Field Engineer will
demonstrate the Type 454 in your
application at your convenience.
Please call him, or write: Tektronix,
Inc., P.O. Box 500, Beaverton, Ore-
gon 97005.

at the
probe tip—provides measurement of fast-rise pulses and high-frequen-
cy signals beyond the capability of most conventional oscilloscopes.

ADVANCED PORTABLE PERFORMANCE where you use it . . .

The DUAL-TRACE VERTICAL system provides displays at 5 mV/div
with bandwidth of DC to 60 MHz, full bandwidth measurements (150
MHz) at 20 mV/div and full-sensitivity X-Y operation with phase differ-
ence < 3° from DC to 2 MHz.

DUAL TIME BASES triggerable at frequencies above 150 MHz permit
conventional, delayed sweep or single-shot operation. For single-shot
applications a photographic writing speed of 3200 div/us (> 2500 cm/
us) is provided by the Type 454, C-31 Camera and 10,000 ASA film . . .
without employing film fogging techniques.

The Type 454 meets temperature, humidity, vibration and shock tests
which simulate environments “portable” instruments often encounter.
For applications where permanent installation is required, a rackmount
version is available.

Type 454 Oscilloscope (complete with accessories)

Type 454 Oscilloscope (Rackmount)
U.S. Sales Prices FOB Beaverton, Oregon

committed to progress in waveform measurement

Tektronix, Inc.
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Probing the News

Aug. 4, 1969

Videofile puts lawmen in the picture

Los Angeles County Sheriff’s Department installs automated information storage
and retrieval system from Ampex to keep track centrally of its voluminous records

Documentary evidence, according
to a story now making the rounds,
proves that paperwork is a lot more
likely to bury the country than the
Russians. The situation does have
amusing aspects, but it’s no joke
for those contending with current
record levels.

The Los Angeles County Sher-
iff’s Department, for example, has
the staggering task of maintaining
18 million individual case, finger-
print, and photograph files that are
increasing at a 13% annual rate.
Not too surprisingly, the snowed-
under agency, which has officers
requiring up-to-the-minute infor-
mation scattered throughout one of
the nation’s largest metropolitan
areas, decided some sort of auto-
mated storage and retrieval help
was required. After investigating
the matter, it decided on Videofile,
a sophisticated assemblage of
hardware developed by the Ampex
Corp. that’s just now winning a
secure foothold in commercial and
government markets.

Essentially, Videofile is a com-
puter-controlled system built from
modular elements, including: high-
performance cameras for input;
tape for storage; tape transports for
search; and display monitors and
electrostatic printers for output.
The hardware can be combined in
a number of different ways to sat-
isfy varying requirements. With
Videofile, any document in a mas-
ter file can be viewed on a televi-
sion screen or electrostatically
printed out in a matter of seconds
by simply pressing a few buttons.
Since the original is not removed,
it’s available for inspection by any
other interested party. In addition,
documents can be erased, relo-
cated, or replaced electronically
without disturbing the basic file.

When Ampex decided a few
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years back to get into the auto-
mated information storage and re-
trieval field, it seemed probable
that in-house talents in magnetic
tape recording, television, data
processing, and related technolo-
gies would make development
work easier than proved to be the
case. “When we started, we
thought that we could adapt exist-
ing equipment to a much greater
extent than actually proved pos-
sible,” says Charles Steinberg, gen-
eral manager of the company’s
Videofile Information Systems di-
vision.

End and means

The transport on available video
tape recorders, for example,
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couldn’t shuttle back and forth at
the rate demanded by the system.
The specified search rate is 380
inches per second, using 2-inch
tape. A single reel might have 20
pounds of tape, twice the mass
which high-speed digital transports
normally have to handle. Accelera-
tion from zero to 380 ips and com-
parable deceleration had to be
achieved within 1.9 seconds. In ad-
dition, the transport had to be able
to read digital addresses during
the search.

In order to meet these design
goals, Ampex had to combine the
rotating-drum head technique de-
veloped for vtr’s with the single-
capstan, vacuum-chamber tech-
niques used for digital tape record-

Mug shot. Los Angeles County Sheriff’'s Oracle system can make stored
records, including identification photographs, immediately available.
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Files on parade

The investment of time, effort, and money required to develop an auto-
mated information storage and retrieval system is so great, the Ampex
Corp. has made the initial market soundings virtually unchallenged. The
company has had the basic tool—the video tape recorder—for over a
decade, but only now, after sinking over $8.5 million into r&D is it
beginning to win any substantial sales acceptance for its Videofile system.

Last year, Ampex installed a system for handling waybills at the South-
ern Pacific Railroad. And this spring, it made the biggest single sale in
| Ampex’s history when it signed up the Los Angeles County Sheriff’s
Department for a $5.6 million system to handle law-enforcement records.

The division itself has grown from 100 employees to over 400 during
the year it has been housed in its own building, a 100,000-square-foot
facility in Santa Clara, Calif., a few miles south of the main Ampex plant.
| The marketing department alone now numbers 48—a far cry from the
days when it consisted solely of Robert A. Miner, currently product mar-
keting manager. The division is not yet profitable, but General Manager
Charles Steinberg says that it will be within a year. And, he adds, by the
mid-to-late 1970, it will be generating sales of some $300 million a
year. (Ampex’s total sales for fiscal 1969, which ended April 30, were
$280 million.) ;

Head start. Catching Ampex will not be easy, because a Videofile sys-
tem is not simply a vtr with ancillary support gear. For example, the cost
of the nine units in the Los Angeles system is only $375,000; the rest of
the money is for buffers, monitors, cameras, printers, and displays. More-
over, Ampex is gobbling up some big customers. It has booked $18 mil-
lion worth of orders since Videofile was introduced in May of 1966; the
Los Angeles Oracle system is its eleventh sale.

Among the other customers are the Sandia Corp., which will use its
system for engineering drawings; the American National Insurance Co.
of Galveston, Texas; and American Republic Insurance, a Des Moines,
Towa, accident and health firm. There are also a number of Government
agencies and commercial prospects that Ampex prefers not to discuss. In
this category is the National Aeronautics and Space Administration, whose
Huntsville, Ala., facility bought the first Videofile system for a parts
reliability file. NASA never had the money to run the system, and has
never used it, since the program for which it was intended was cancelled.
“That was a real blow to us,” Steinberg says candidly. “It hasn’t helped
our marketing.” He is quick to add, however, that the system worked
just as Ampex said it would.

The Material
| of Unlimited Uses...

SOLDERING
“UNSOLDERABLES

...is but one of the thousands of
uses for advanced low-melting-
temperature alloys such as
Cerroseal® 35. Cerroseal 35 melts
between 238°and 260° F., and can
be used with ordinary soldering
techniques. When soldered with this

versatile alloy, “toughies’” such

as glass-to-metal, ceramic-to-metal
and metal-to-metal seals stay

tight even in a deep vacuum. Other
Cerro® Alloys, including specials
made to your individual specs, are
perfect for joining ultra-delicate
parts like integrated circuits which
cannot be heat-sinked during
soldering. Low-temperature
soldering as cool as 117° F. can also
be accomplished with certain
Cerro Alloys.

For detailed information contact
Cerro Alloy Dept., Cerro Copper &
Brass Company, Stamford, Conn.
06907...R. S. Darnell (203) 327-0550.

In Europe, contact Mining &
Chemical Products Ltd., Alperton,
Wembley, Middlesex, England.

CERRO.
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ing equipment.

The camera was an equally
thorny problem; it required much
higher resolution than conventional
video units since the documents it
would be called upon to scan would
not always be in the best of shape.
Accordingly, Ampex devised a new
vidicon with a two-inch target for
the camera, which itself had 1,280
scan lines (15 frames per second),
as against 525 for commercial
broadcast equipment. Moreover,
since the camera is normally op-
erated by personnel who are not
technically trained, it had to be
extremely simple.

The monitor for the camera also
had to be redesigned with dynamic
focus on both axes to meet resolu-
tion specifications in the corners
of the display.

In order not to tie up the trans-
port while a document is being

printed out, Ampex developed a
buffer system—basically a disk re-
corder that records an entire docu-
ment in 1/15 second, and then
plays it back into the printer in 3.2
seconds.

Stopgap

But the disk recorder is different
from those commonly used as com-
puter peripheral equipment. To
eliminate head wear, these ma-
chines do not bring the recording
head into contact with the disk.
However, because of the high video
bandwidth of the Videofile system
(7.2 megahertz), Ampex could not
use this technique. Minute changes
in the gap between head and disk
would affect the recording.

In the Ampex system, head and
disk are kept in contact by a jet of
air. The pressure is higher during
the short record time, and lower
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during the relatively long print
time. Head life for any one track
on the disk is 1,000 hours.

The company’s buffer technique
has already produced some com-
mercial fallout; it is the heart of
Ampex’s stop-action video system
that has made the instant replay
popular on televised sports shows.
Steinberg says that the camera,
too, will undoubtedly be adapted
into a hands-off unit for broadcast
tv systems.

Even the printer is new design
(although Honeywell uses a similar
technique for its 1-megahertz
oscillograph). The disk recorder
drives a cathode-ray tube which
has a fiber-optic face plate; hard
copy, if required, is printed out on
electrostatic paper.

Case study

The $5.6 million Videofile—
dubbed Oracle for optimum record
automation for court and law en-
forcement—that Ampex is selling
the Los Angeles Sheriff is expected
to cut record-keeping costs by
40%. It’s designed to shave maxi-
mum retreival times from a day or
so to five minutes. Moreover, when
the system is completely installed
in mid-1971, the amount of floor
space required for file storage will
be reduced from 40,000 to 3,000
square feet, according to Capt.
James C. White, of the Los Angeles
Sheriff’'s Department Technical

Test. Videotape transport is checked
by technician on Ampex assembly line.
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Logic integrated circuit analysing array

A veraitile, “
low Cost 1.ctester ]

Complete functional testing capability :

As a fully automated checker : it inspects integrated circuits and accepts or
rejects them (GO - NO GO) in less than one second per unit.

In semi-automatic mode : it automatically stops when the |.C. under test does
not qualify and points out the fault.

Set to ‘‘ Step by step ° mode : it allows for analysing each parameter. All
combinations being electronically controlled.

It will check :

Every logical function includind gates, flip-flops decades.

- Input threshold levels.

- Output voltages and currents.

- Input currents and Vcc (optional).

Model TX 935 A is programmed by means of interchangeable program boards.

NEW : FOUR ADDITIONAL MODULES :

® HA 935 A : Current analyseur.

® T2 935 A : Automatic input current tester.
® HA 936 A : Manuel programming pinboard.
® T3 935 A : Programmed power pack.

ADVANCED TECHNOLOGY AND SYSTEMS CORPORATION
1143 Post Road, Riverside, Connecticut 06878 - Phone : 203-637-4337
Cable ADVOTECH

ITT - METRIX local agents all over the world.

1969 WESCON Show
See our booth 2115/ 2116

ITT
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Give Usa
Requirement
to Build to

Broad Frequency
Response?

AMF

VIDEO

PREAMPLIFIER

+ fi .1 Hz thru f; 25 MHz

Ultra Low Noise?

AMF SOLID STATE
MODULAR PREAMPLIFIER
« —165 dbV per cycle

... tailor an AMF
Cybertran
Preamplifier to
fill your needs.

Cybertrans fulfill your needs whether
they be ultra-low noise, subsonic re-
quirements or extreme broadband
video specifications. The flexibility
of our “off-the-shelf” preamplifiers
enahles AMF to satisfy a wide range
of special or standard needs ... we
call it Cybertran Technology. This
new expertise makes it possible for
you to specify your preamplifier re-
quirements and have AMF ship it to
you. Write or call Jim Campman,
Applied Cybernetics Products, AMF
Alexandria Division, 1025 North Royal
Street, Alexandria, Virginia 22314
Phone (703) 548-7221. TWX 703-931-
4209. Representatives in major cities

AMFE

... in the detective bureau, waiting
time for files wastes $10,000 a month...

Services division. “About $1.5 mil-
lion will be saved each year in fil-
ing clerk salaries alone,” says
White. “The staff will be cut from
152 to 30.”

White explains that the cost in
delays with the present set-up is
far greater than $1.5 million, since
this amount doesn’t take into ac-
count the filing space to be saved
and the time investigative officers
spend tracking down a particular
file. “In the detective pureau, for
example, waiting time for files is
now costing us about $10,000 per
month,” he says.

Give-and-take. Oracle will store
law-enforcement records, including
fingerprints and photographs at a
central location in the County Hall
of Justice in downtown Los An-
geles. Filing consoles and televi-
sion monitors located at 15 branch
sheriff’s stations will permit field
officers to remotely put case re-
ports, fingerprints, and other docu-
ments into the master file. Agents
will also be able to retrieve docu-
ments from the master file for video
display at any of the remote loca-
tions.

Equipment in the Hall of Justice
will include two filing sections,

nine videotape transports, 21 video
buffer sections, 36 television dis-
plays, two paper copy printers, and
two system control sections. Out-
lying facilities are equipped with
filing consoles and television dis-
plays. Microwave links for the sys-
tem, including a relay station atop
nearby Mount Wilson, will be con-
structed at an additional cost of
about $1.5 million. Maintenance
chores will be handled by Ampex,
on a contract basis, at a cost of
$44,000 per month.

The system, as installed, allows
a 15% expansion of remote sta-
tions, and a 40% capacity boost for
the central file without the need
for additional equipment. About
380,000 new documents will be
added to the file each month; cur-
rent requests from various sources
for file information average 100,000
per month.

Unfortunately, requirements cov-
ering the preservation of legal doc-
uments may prevent the best use of
Oracle for some time to come, ac-
cording to White. “We now have
to keep most papers in a dead file
for two years, and certain legal
documents for a longer period of
time, but we're trying to get legis-
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Network. Central file in Los Angeles Sheriff's Oracle system is downtown
in Hall of Justice; 15 outlying stations have tv monitors and input gear.

Electronics | August 4, 1969



lation passed in Sacramento that
would eliminate some of these
strictures,” he says.

Dirty work. The possible loss of
vital documents as a result of ac-
cidental tape erasure, fire, or other
catastrophes will be guarded
against in Los Angeles by making
duplicates of master tapes and stor-
ing them at other locations. White
concedes that erasure of tapes by
accident or design “could result in
the loss of some documents.” But
he points out: “The county is al-
ready losing a lot by misfiling now.
I would estimate that the Videofile
system is 150 times more secure
than the setup we have now.”

An Ampex source concedes that
electronic doctoring of files is pos-
sible. But, he points out, it’s like-
wise possible to tamper with
written documents. And company
officials who cite enough statistics
on the economy’s paperwork to
fill more than a few tapes note that
the Southern Pacific—the first com-
mercial Videofile customer—is now
destroying waybills once they’re on
tape. In any case, fewer employees
will have access to Oracle than the
current system which permits a
person to simply go to a file and
read it. The Videofile will provide
additional security for intelligence,
personnel, and administrative files
by recognizing only those input

Clues. Fingerprints can be stored and
retrieved by Oracle information system.

requests for information that orig-
inate from authorized video moni-
tor locations.
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DIGIMETRIX

Digital multimeter model DX 703 A
“ DIGIMETRIX “

5 Functions ; 25 fully PROTECTED ranges.
100 mV FS (100 1V resolution) AC and DC.
10 MQ CONSTANT input impedance.
Analogous indicator.

ITT-METRIX model DX 703 A “ DIGIMETRIX " featuring 3 digital
readouts plus overrange, measures AC and DC voltages, AC and DC
currents, and resistances.

DX 703 A is insensitive to industrial parasitic interferences.

The fact that all ranges are protected against overloads and
mishandlings allied to the amazing ease of use of this instrument
which is enhanced by the build-in meter providing analogous
indications makes for an accurate, universal instrument.

Easy maintenance : the instrument consists of functional
interchangeable plug-in units.

Each DIGIMETRIX carries a TWO YEARS GUARANTEE.

For additional information, please contact :
ITT - METRIX : Room 916, 320 Park Avenue, New York, N.Y. 10022.

ITT - METRIX local agents all over the world.

1969 WESCON Show
See our booth 3812

ITT
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the

newest
shape in
receiving
antennae

Aperiodic Loop Antennae...in an
array composed of eight one-metre
diameter untuned balanced loops spaced
13 feet apart. .. is the newest concept
in “active’ h.f. receiving arrays developed
by E.M.I.

Each loop is fitted with a transistor
pre-amplifier in its base, making possible
a broad band (2 to 32 MHz) directional
array much like a log-periodic or
rhombic antenna. The system i1s only
30 metres long and a few feet wide.

As it occupies but fraction of the space
required for conventional passive fixed
arrays, it is ideal for applications in areas
of restricted space or when quick and
simple set-up is important.

The new model 8E13 Aperiodic Loop
Antenna Array has us rather excited.
We would welcome the opportunity to
tell you all about it in detail.

EM.I. ELECTRONICS CANADA, LIMITED

Dartmouth, Nova Scotia, Canada
Mail: P.O. Box 1005

Phone (902) 466-7491

Cables: EMI CAN
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Modus operandi. Block diagram illustrates how outlying station of the L.A.
County Sheriff’'s Department will file and retrieve records, using Videofile.

White believes that other uses
for the system will develop with
use. Among them:

= Quicker identification of crimi-
nal suspects by using physical de-
scriptions for composite photo-
graphs to retrieve “mug shots”
from the file for viewing by the vic-
tim on a video display.

= Secure emergency communica-

Workaday. Videofile can display or
print out written documents on file.

tions during riots or civil disturb-
ances when normal radio channels
can’t be used by using the system
to display simple coded messages
to and from outlying stations.

= Rapid filing of photograph neg-
atives without making prints; re-
versing polarity on the video screen
would permit immediate viewing.

Los Angeles County Sheriff
Peter J. Pitchess says two addi-
tional stations will be added to the
system in 1972. He predicts that
Oracle will ultimately be expanded
to include the courts as well as
other local, state, and Federal agen-
cies. Right now, other Los An-
geles county departments are in-
terested in the sheriff’s installation.
“But it may be that for a straight
archival job the Videofile would be
too expensive,” says White. “It
will, however, meet our special
needs for a high-resolution, quick
retrieval system.”

Ampex cites independent time-
and-motion studies that show an
automatic data storage and re-
trieval system becomes economic
for a file of 20 million documents
(about 1,500 four-drawer cabinets)
when 1,400 or more documents are
taken in and out each day.
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TRW
METALLIZED
>OLYCARBONAT!

...good things come in small packages

A 10 mfd 50 volt type X483 Type X483 are advanced tech- Phone: (308) 284-3611. TWX:
capacitor measures a scant .670" nology capacitors tailor-made for 910-620-0321.

x 1%". It's hermetigally sealed advanced technology applications.

and provides outstanding temper- Values from .001 to 10 mfd, 50,

ature stability and electrical prop- 100, 200 and 400 volt.
erties. Meets all MIL-C-18312 and Contact TRW Capacitor Divi- ’ Rw
MIL-C-19978 requirements. sion, Box 1000, Ogallala, Neb. ®
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Only one man

in a thousand
needs this kind

of flexibility in a
phase angle voltmeter...

(the other 999 breathe easier knowing its there)

One to four-frequency op-
eration with - 5% band-
width. Plug-in modules
enable frequency addi-
tions or change in the field
without recalibration.

Direct readout of total
voltage (fundamental
plus harmonics); funda-

_mental voltage; in-phase

voltage; and quadrafure
voltage.

Tolerates up to 10x full
scale overload without

slightest loss of voltage Direct readout of phuse

or phase angle accuracy.

e

angle.

Measures from 300 pv
$0 300 V in 13 ranges

with + 2% FS accuracy,
< 1 uV nulling sensitivity.

" //
1

The North Atlantic Model
214A Phase Angle Volt-
meter (shown with op-
tional bench trim kit) is
another example of North
Atlantic Industries’ lead-
ership in versatile and
elegant phase sensitive
instrumentation and con-
trols.

For additional reward-
ing details, call a field-
engineering representa-
tive (see EEM) or call or
write North Atlantic
Industries, Inc., Terminal
Drive, Plainview, Long
Isiand, N.Y. 11803, (516)
681-8600.

Options of isolated refer-
ence and isolated signal
inputs.

NORTETE ATt INTTIC

industries, inc.




Manpower

EE’s—names to conjure with

To keep their engineering and managerial talent happy, or at least content,
electronics concerns devise elaborate series of job titles and hierarchies

By Peter J. Schuyten

Staff writer

New corporate status symbols—ex-
ecutive washrooms, reserved park-
ing spaces, and dining room priv-
ileges are among the better known
—are getting harder to come by.
But Martin-Marietta may just have
one—an executive barbershop. Top
engineers and managers at the
company’s Orlando, Fla.,, plant
have to pay for a clipping, but they
have the satisfaction of knowing
that their success becomes more
visible with every snip of the
shears.

Few electronics or aerospace
companies have gone to the same
lengths to provide their treasured

technical talent with such an ob-
vious reminder of having made it.
Nevertheless, most have taken the
problem at least tacitly into con-
sideration, devising ingenious se-
ries of job titles to cover their work
forces.

This ploy is, however, not with-
out problems. Many personnel ex-
perts admit the difficulties are akin
to those involved with more ob-
vious  perquisites. Recognizing
merit without offending the rest
of the workaday engineering staff
is a very tricky proposition. Fur-
ther complicating matters is the
fact that no two firms use pre-

cisely the same system of callouts.
What at one company is a top tech-
nical slot spot, say senior engineer,
might at another be simply the
third of seven rungs on the cor-
porate ladder as it is at the Lock-
heed Missile & Space Co. in Sunny-
vale, Calif.

Moreover, an engineer cannot
easily determine the status of col-
leagues at rival concerns. While
technology, marketing, and even
production facilities may be strik-
ingly similar throughout, job titles
are a very mixed bag indeed. It’s
especially tough on the personnel
director who must decipher and

Bustle and a Peck

lines on his way to management.

does in the tenth.

management exposure.

Many electronics companies, particularly the larger ones, are structured
to the point where an engineer—no matter how brilliant or imaginative—
must dance to the tune piped by the personnel department. At the same
time, however, there’s usually at least one story at these same concerns
about the engineer who couldn’t or wouldn’t be stopped by formal guide-

David B. Peck, now a vice president of planning and development at
the Sprague Electric Co—a free-form sort of firm—offers a case in point.
During his 25-year career there, he’s held 10 different positions. And
although he followed a dog-leg path to his present spot, Peck maintains
that each one of the nine other jobs has proved valuable to everything he

Starting out an an engineer, Peck proved adept at writing his own
patents and soon became a patent engineer—a spot where he got his first

In succession, Peck’s next jobs were: chief services engineer, an ad-
ministrative post in the company’s research labs; contract administrator,
where he prepared R&D proposals and negotiated and supervised the
work; manager for new product development, more of a technical than
an administrative assignment; chief engineer for electrolytic capacitors,
a job that combined both technical and administrative responsibilities;
and manager of the Special Products division.

At this point, Peck joined upper management, becoming vice president
for special products and later vice president for engineering, subsequently
moving on to his current spot. “Even though my present job is mainly
administrative, I still do creative things involving new products and new
concepts,” he says. As for his next job, Peck says: “Maybe one of these
days T'll find something I can do well and settle down.”
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‘Bishop introduced absolute
registration for two-sided printed
wiring boards with the only
photographically compatible Red
and Blue System.

Bishop offers you
the largest selection of
pressure-sensitive electronic
component drafting aids
in the industry.

Over 15,000 to choose from!
Precise, uniform, easily applied.
All in our new comprehensive 68-page
printed-circuit design guide and
catalog. Send for yours now!
We’ll send you free samples, too.
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interpret the entries on a prospec-
tive employee’s resume to deter-
mine his qualifications.

Blanket coverage

There are of course, exceptions.
A number of organizations, notably
research laboratories, deliberately
avoid visible trappings, using but
one working title for the entire en-
gineering force—member of the
technical staff (MTS). A spokesman
at RCA Laboratories, where this
policy is practiced, says that engi-
neers, especially those engaged in
pure research work prefer not to
compete for job titles. As a rule,
he claims, they’re willing to stake
their professional prestige on
achievement. The rewards, he
adds, center largely on salary and
publication of technical papers.

A source at Bell Telephone Lab-
oratories, which also uses the MTS
system, points out that companies
prefer going this route when pos-
sible because it’s easier to keep
track of everybody. “And nobody’s
nose gets out of joint,” he says.

The Mitre Corp., an Air Force
affiliate in Bedford, Mass., is an-
other firm that uses the MTS desig-
nations. However, a fledgling engi-
neer signing on with the firm
passes through two preliminary
positions. Successively he’s a tech-
nical aide and technical assistant
before becoming a member of the
technical staff; the process can take
as long as five years to complete.

To the letter. The Watkins-John-
son Co., a Palo Alto, Calif., pro-
ducer of microwave IC’s, tuners,
receivers, and instrumentation, has
added a slightly different wrinkle
to the MTS gambit. Every one of
the company’s engineers is a mem-
ber of the technical staff. But
there’s a tagline—a letter from A to
E—which designates not only the
engineer’s responsibility but also
his salary range and, to some ex-
tent, his experience. Thus, a Wat-
kins-Johnson MTS in the A grade
would have the same responsibili-
ties and make about as much as a
junior engineer at a larger firm.

“The whole point of the set-up is
to allow us as much flexibility as
possible without at the same time
demoralizing our staff by flaunting
promotions,” says a source.

Flexibility tends to be a function
of size. As a rule, larger concerns
are relatively more hidebound than
smaller ones like Watkins-Johnson.
However, the large firms generally
offer the assurance of steady pro-
motions based on seniority. In ad-
dition, there are what might be
called two distinct ladders to the
top—one for management and one
for technical personnel. In theory
at least, the engineer who wishes
to stay strictly on the technical side
can do so without losing the high
salaries and prestige that usually
are associated with management.
“Let’s face it,” says a source at a
large aerospace company. “A lot

Structured. At Lockheed, engineers’ careers follow well-plotted paths;
there are paths to the top on both the technical and managerial sides.
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Separate paths

Most technology concerns have devised separate hierarchies for engi-
neers and managers. Among the more representative is the Lockheed
Missile & Space Co. of Sunnyvale, Calif. As is the case with many other
firms, a beginner usually spends several years in a strictly engineering
capacity before a decision is made as to which road he will follow. Grad-
uate EE’s start with the title of associate engineer, a level at which they’re
little more than apprentices or interns, according to a Lockheed source.
From there, they progress to engineer and to senior engineer—a process
that may take as long as six years.

At Lockheed, a senior engineer is considered a real journeyman capa-
ble of planning and working on major systems. In rare cases, he might
even run an entire test program. As a rule, however, this kind of work is
handled by the engineering specialist—the next position in the structure.
Referred to by their specialties—for example, reliability engineering spe-
cialist or research engineering specialist—these men have about nine years
experience and earn between $12,000 and $17,000 a year. This is a pin-
nacle, or leveling-off point, for most engineers. But it can also represent a
way station for those going into management.

The first step along the management path is group leader. Supervisors
in this category are responsible for between 12 and 15 people and make
anywhere from $13,000 to $23,000 depending on the complexity and
importance of the project. Department manager is the next rung at Lock-
heed; the engineer/manager heads a staff of 100 or more and earns as
much as $28,600. The top spot in the line is manager; responsibilities
and authority vary with the importance and scope of the project as do
salaries which range from $18,700 to $31,900.

Technical side. For the man who wants to stay in engineering the first
step after engineering specialist is staff engineer—“a job that rates an
office.” Pay scales correspond to those for a group leader. Senior staff
engineer is the next stop. Senior staffers are considered more expert in
their area and report to a higher level of management than their staff
colleagues. Salaries run as high as $25,000.

At the highest levels on the technical side at Lockheed are the con-
sulting engineer and senior consulting engineer; the top salary for the
latter is $32,000—about equal to wages for the top job on the manage-
ment side. Men in this group usually hold Ph.D.’s.

NIEW
'POWERTEC

GR
LOGIC POWER

% Guaranteed Reliability

COMPACT HIGH
RELIABILITY FAMILY

For use with MOS's OP amps TTL, and other
IC logic. The dense packaging of this com-
plete family is a real system space saver.

Only MIL and computer grade components

of engineers either are not cut out
for or don’t want to go into man-
agement. But we’ve still got to give
them some kind of incentive.”

Separate tables

More often than not, however,
there’s a gap between theory and
practice. An engineering manager
at a medium-sized instrument
maker with a dual title structure
sums things up this way: “We
preach separate but parallel, with-
out always practicing it. While the
salary range for so-called parallel
positions may be the same, the
boys in management somehow al-
ways seem to be at the high end of
the range. The engineers are usu-
ally in the middle.”

One good index of corporate
flexibility is how frequently, if at

all, engineers skip a rung on the -

hierarchical ladder. At Martin-Mar-
ietta, for example, neither technical
nor managerial personnel can skip
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a grade. The only way around this
is for an engineer to leave for a
job at another company and return
at a higher level. However, says a
company source, this has a nega-
tive effect on the morale of those
“who are loyal and stay. It almost
looks like a reward for cutting out;
the practice is discouraged as
much as possible.” Incidents at
Martin are relatively infrequent be-
cause it is the only company of its
kind in Orlando, and an engineer
seeking this kind of leap-frog ad-
vancement must be willing to go
to the trouble of moving out of
town and then back again.
Random action. At the other end
of the spectrum are companies like
the Sprague Electric Co. in North
Adams, Mass., Keithley Instru-
ments Inc., in Cleveland, and the
Scam Instrument Corp. in Skokie,
Ill., where skipping rungs is per-
mitted and even encouraged. A
Sprague source says: “A guy can

are used in this versatile family. Calculated
reliability per MIL-HDBK-217A exceeds
150,000 hours.

Optional OVP and ADJUSTMENT features are
available as adders to provide EXACTLY
what your particular application requires.

Input: 115VAC 47-440 Hz

Typical Outputs: 0 to 36V at .25A
5.0V at 2.5A
*15.0V at .5A

The Powertec GR Series is currently avail-
able from stock. Detailed specifications and
prices are available upon request.

CUSTOM POWER SYSTEMS

Powertec’s experts are capable of solving
your most difficult power conversion re-
quirements.

POWERTEC

DIVISION
9168 DeSoto Ave., Chatsworth, Calif. 91311
Phone (213) 882-0004
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GURRENT
REGULATION

...The Most
Accurate At

+ 0.5%
Of Setting

~noNSTAN

PDI Constant
Current Modules

The Most Economical . . . And
Best In Ways That Are Most
Important:
 Currents from l,lua to
100 ma

e Available to operate from
10 to 120 VDC
° Reverse voltage protection
e Fixed or remote
programmed output
* Solid state/Low profile
e Temperature compensated
and ultra-stable units
available
e Small enough to fit—
and work—anywhere
Now available from stock at
the Industry’s most competi-
tive prices, starting at $10

esigns

roduct

111 Cardenas NE
Albuquerque, N.M. 87108
(505) 265-3551

nec.
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Recognition. At IBM, outstanding engineers are singled out as IBM Fellows
and given total freedom to pursue any lines of research that interest them.

sure as hell skip rungs on the way
up; it’s fairly common. Although
we’re a big company, we try to op-
erate with the flexibility of a small
one.” In fact, Sprague, according
to this man, has no formal rationale
for its title scheme. Instead, proce-
dures have developed haphazardly.
“We've just never gotten around
to sitting down and drawing up a
chart,” he says.

But one problem seems to crop
up regularly in the case of engi-
neers moving from one company to
another. Often, they’re not satis-
fied with new titles simply because
they carried little, if any, status on
the premises of their erstwhile em-
ployers.

Robert Bradley, vice president
for engineering at Scam Instru-
ment says, “Our hardest problem
is relating our title structure to an
engineer moving over from another
company. We try to explain that

Rewards. Westinghouse is another firm
with a fellowship program for engineers.

there are good opportunities at
Scam, but engineers seem much
more conscious of such details to-
day—probably because titles are so
marketable.”

Send money

Most firms won’t invent titles to
satisfy newcomers. At least one
company, however, has been
known to hang the title systems
engineer on recent arrivals fre-
quently enough to defy the laws of
chance. “It’s an easy way to keep
people at a company,” says a per-
sonnel man.

Another approach is outlined by
a source at Litton’s Data Systems
division: “Generally we just use
money. I can only recall four occa-
sions in the past 10 years where
we wanted a guy so badly that we
dreamed up a phony title to get
him.”

Similar in kind is the problem
encountered by firms bringing su-
pervisory people from the outside.
But here the difficulty is not so
much in satisfying the newcomer
with a title or money as it is keep-
ing the people who’ll work for him
happy.

Lockheed-Georgia, for example,
tries to maintain a policy of pro-
moting from within by training
back-up people for each supervi-
sory engineering position. But it’s
sometimes faced with a situation
where it has to bring in a new man.
In such cases, the firm usually
starts him off in a technical spot
more or less equivalent to the su-
pervisory job he will eventually
fill. The idea is for him to absorb
Lockeed procedures and methods,
subsequently being transferred lat-
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E pluribus. There have been only 36 IBM
Fellows since the company began.

terally to the management side.

Hail fellow. Then, there are com-
panies which reserve special titles
for outstanding engineers. Perhaps
the best-known example is the IBM
Fellow. Appointed by the chair-
man of the board, an IBM Fellow is
given total freedom to do such re-
search as he pleases. The appoint-
ment is for a five-year period but
can be renewed. The objective is
to recognize outstanding achieve-
ments. But there’s a practical as-
pect as well; the company believes
that freeing exceptional engineers
from supervisory restraints in-
creases their productivity. There
have only been 36 Fellows in the
history of the company.

Other firms using the title fellow
include RCA, Westinghouse, and
Mitre. In the case of the latter con-
cern, the designation is for an en- The Nearly Indestructible = most fiendish tortures ever devised
gineer who is on a leave of absence Conductive Plastic by reliability engineers: 15 G

to .(‘OI?tillllf' his cduf‘ation and not Potentiometer \lebc:;t(ioarr]\Z Z\tcgc(:aolggfi.c;ﬁé? Svir?f
for exceptional merit. Although it : : :

loes’t wse the 4k fellaw: okt Beneath that mild looking exterior, neutron bombardment and gamma
oL }'“: ?L tlF o 0\-\; _lt o the Farite infinite resolution radiation. We have information that
Data Syst-em.s .als() h(_)nmf s potentiometer is really rugged. fully describes the amazing

tional engineering merit ‘_"lth a title Whether in the frigid depths of characteristics of the Farite
sources at Litton says is roughly cryogenic cold...or in temperatures Superpot. Why not call or write

the equivalent—member of the se- to 150°C...orin 100% humidity... for your copy today. If the Superpot
nior technical staff. According to the Farite Superpot keeps right on can’t solve your environment

one company source, “‘These are doing its job. And it can survive the problem —then nothing will.

people who are used internally as
across-the-board consultants in

their particular specialty.”
Martin-Marietta also has a simi- - —
lar honor called principle staff en- FAI R‘ :H I l D

gineer; only a dozen or so of 2,600

people at the company are ac-

corded this honor. ® CL GO L=
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION
225 PARK AVENUE, HICKSVILLE, L.I., NEW YORK
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IN THE GOOD
OLD DAYS

Programming was pretty slow...

Now, the Beckman 6401 is programmable to 136 MHz

In the Model 6401 Programmable Counter and Timer,
Beckman offers a general purpose laboratory and pro-
duction instrument that does what you want it to, at
a price you can’t resist...$1375.

The 6401 provides direct frequency measurements
to 136 MHz and complete programmability from
contact closures. And the 6401 makes new measure-
ments that were “unheard” of in the Good Old Days
—like pulsed RF frequency or burst frequency mea-
surements and period measurements from both chan-
nels for calibrated phase timing.

Timing measurements are a breeze with the ex-
clusive trigger point monitor lamps in the 6401 for
optimum attenuator and trigger adjustments. And
maximum utilization of field replaceable IC’s assures
highest reliability and the lowest cost of ownership.

The 6401 is provided in a compact 3%2"” rackable
package to conserve systems panel space, with 1-2-4-8
BCD outputs and scope markers as standard features.
Options for serial input and output data, for nine
digit display, and oscillator options with stabilities to
5 parts in 10 per 24 hours are available.

Regardless of what “programmable” meant in the
good old days, take advantage of what Beckman has

to offer today. For complete information, contact
your local Beckman office, sales representative or the
factory direct.

Specifications

Measurement Modes: Frequency: Input A, 0-136 MHz;
Input B, 0-10 MHz. Burst Frequency: 0-136 MHz. Time
Interval: A to B, 0.1 usec to 10° sec. Period: Input A, 0-10
MHz. Period Average: Input A, 1 to 10° in decade steps.
Ratio: (Fx + Fy) x M with Fx = 0 to 136 MHz, Fy = 0
to 10 MHz, M = 1 to 10°. Totalize and Scale: Input A,
0-10 MHz scale; 136 MHz count, 1 to 10® in decade steps.
Sensitivity: Inputs A & B, 100 mV rms. Crystal Frequency:
10 MHz. Stability Aging Rate: Temperature: 2.5 x 10~°
from 0°C to 50°C; Line Voltage: 1 x 10~ for = 10% line
voltage change. Oscillator Output: 10 MHz. External Os-
cillator Input: 10 MHz. Time Base Output: 3 V p-p.
Display: 8 digits with overflow indication. Storage ON-
OFF. Sample Rate: fast recycle and .1 sec to 10 sec
display. Gate Lamp. Remote Programming: by switch
closure to ground; BCD data at rear panel. Temperature:
0-55°C. Power: 115/230 V %= 10%; 50-400 Hz. Price:
$1375. Options: ACL: Laboratory Stability Oscillator,
3 parts in 10° per 24 hrs; $400. ACN: Ultra-high Stability
Oscillator, fast warm up, 5 parts in 10" per 24 hrs; $800.
9 digits: $100. Rear Inputs (A and B): $50.

INSTRUMENTS, INC.

RICHMOND, CALIFORNIA = 94804

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN; GENEVA; GLENROTHES, SCOTLAND; LONDON; MEXICO CITY; MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA
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THE 5000 PERM
TOROID

NO LONGER A PIPE DREAM

That’s right. 5000 initial perme-
ability. And we mean it!

Perhaps your designs for
pulse transformers have gone
up in smoke for want of a power-
ful enough material. Well, now
you've got it. And then some.
Stackpole Ceramag® 24H fer-
rite material.

Ceramag® 24H is a precision
engineered product. Exact
processing, density checks,
rigid kiln controls and precise

sintering. You get more out of
it simply because we put more
into it.

Here are a few more conserv-
ative characteristics. Maximum
permeability, 6900. Typical. Sat-
uration flux density, 4100 gauss
and residual magnetism of 850
gauss. If curie point is significant
to your operation, how about
one of 175° C. Then there’s tem-
perature coefficient. Ceramag®
24H goes + 0.700% /° C at -25°

C to 25° C and -0.450%/° C at
25° C to 75° C. And all of this
with a disaccommodation factor
ot 1.4 x 104,

Ceramag® 24H is ready. Are
you? Drop us a line and we’ll
send you some even more in-
teresting facts about this fan-
tastic new material. And the
charts to prove it. Stackpole
Carbon Company, Electronic
Components Division, St.
Marys,Pa. 15857.Ph:814-834-1521

- STACKPOLE

® Flectronic Components Division

ALSO A LEADER IN THE MANUFACTURE OF QUALITY FIXED COMPOSITION RESISTORS



BIG CAPABILITIES
IN A SMALL PACKAGE:

suma SEIKO PRINTING MECHANISM

See it at WESCON 69

6.437 inchesm

% ldeal printing speed
* Simplified structure assures durability, reliability
* Low power consumption
* Wide range of applications
* Low cost, high performance
* Compact size

Be sure to see this Printing Mechanism on display at WESCON ’'69 in
San Francisco, August 19-22. Booth Nos. 3615, 3616. And remember, big things
can come in small packages.

Manufacturer:
SUWA SEIKOSHA CO., LTD.
289 Kamisuwa Suwa-shi, Nagano-ken, 392 Japan
Sales Agents in the U.S.A. & CANADA
C. Itoh & Co., (America) Inc.
New York:
245 Park Avenue, New York, N.Y. 10017
Tel: 986-7900 (Area code 212)
Los Angeles:
One Wilshire Bldg. (Suite 805), Wilshire at Grand, Los Angeles, Calif. 90017
Tel: MAdison 7-3175 (5 lines) (Area code 213)

Other Offices:
San Francisco, Chicago, Montreal, Toronto, etc.
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Honeywell’s 530 X-Y Recorder: true
differential input and proven relia-
bility . . . for under $1250.

Our 530 X-Y Recorder not only records low-level sig-
nals from any source, grounded or floating, it records
them so efficiently and so reliably, you can depend on
it, day in and day out.

And for good reason. This 530 X-Y Recorder has the
same kind of improved snap fit pen assembly (with a
polished sapphire tip),carriage assembly and cable ar-
rangement that have made our model 550 and 560 Re-
corders the standard of the industry.

You’ll be happy to know, too, that the Honeywell 530
X-Y Recorder is so simple to operate that even your non-
technical people can learn to use it. And yet, it delivers
high speed (30 in/sec. on X-axis, 20 in/sec. on Y-axis)
and common mode rejection up to 130 db; offers a
trouble-free vacuum holddown; and accepts either 8%"
x11” or 11” x 17" paper.

L sonriwiLl

See us at WESCON, Booths 1306-1309

High-performance
Pen Pals

Honeywell’'s 540 X-Y-Y’ Recorder: a
two-pen recorder with double capa-
bility for a price less than $2100.

Even though our 540 X-Y-Y' Recorder costs less, it
doesn’t give you any less. In fact, it's operating charac-
teristics are almost identical to our 530 Recorder, giving
you the exact same true differential input, the same
proven mechanical design features, the same unsur-
passed reliability. Plus it offers 30 ips. slewing speed on’
each axis and 1 megohm input impedance on all cali-
brated ranges, as well as when operating at variable
sensitivity. It also provides one millivolt sensitivity (each
axis), a stylish appearance, vacuum holddown, and will
accept either 8%"” x 11” or 11” x 17" paper.

For more information on either of these new X-Y re-
corders, write or call (collect) Roy Washburn, 303-771 -
4700, Honeywell Test Instruments Division, P.O. Box
5227, Denver, Colorado 80217.

Honeywell

Honeywell engineers sell solutions




\SANGAMO’S NEW 3570 WIDEBAND PORTABLE

7 WAYS BETTER |
IN TAPEABILITIES |

® One wideband recorder for both
portable and laboratory applications.

® Two megahertz frequency
response Direct Record and D.C. to
500 KHz, F.M. record.

® Three times greater recording time
than most other portable recorders.

® Four operating environments—
Air, Sea, Land, and Laboratory.
Computer-designed tape dampening

system results in low flutter under almost

any operating condition.

148 Circle 148 on reader service card

® Five hundred nanosecond time
base error (TBE).

® Sixteen multiplexed channels
per track with CBW electronics.

® Seven speeds automatically
switched by a single speed selector.

3570 One-year warranty plus a
host of options, including: remote
control, servo speed control, rack
mounting, loop adapter, end-of-reel
sensing, edge-track voice.

Most tapeability per dollar!

More information? Call us!
Information Systems Division.
Phone 217-544-6411

SANGAMO
Information Systems
Springfield, Illinois

The innovators

in tape
instrumentation .’5
@:
)

DS69-2
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ST

Here are two kinds of SUHL circuits.
A fast one and a slow one.

Everybody knows that SUHL TTL is a great
high-speed logic circuit.

Sometimes they forget that it’s great in slow-
speed systems, too.

SUHL TTL has better speed/power ratios
than most other logic forms at any speed.

At low speeds, SUHL TTL gives you superior
current-sinking capability. And you
don’t have the loading problems as-
sociated with other logic forms.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

Input/output leads are isolated, and you get a
wider choice of configurations in SUHL TTL.

And then there’s price. You don’t pay a pre-
mium for SUHL speed. SUHL prices are compe-
titive with slower speed circuits.

Which makes SUHL TTL the logical choice
for any system, fast or slow.

Sylvania Electronic Compo-
nents, Semiconductor Division,
Woburn, Massachusetts 01801.



........

WDIGITAL COMPARATOR

Model 4310

Model 4304

...a nhew team from API

APl now teams digital panel meters with matching digital comparators
to bring you large up-front display plus precise limit control at prices
that compete with lower accuracy analog instruments.

Digital panel meters
Model 4301—Range: 0-130 mV to 0-1000 V. Price: $175.
Model 4304—Range: 0-199.9 mV to 0-199.9 V. Price: $195.
Standard features: e autopolarity e 0.1% accuracy ¢ BCD output e
dual slope integration e 1%"” behind panel e separable power supply

Digital comparator

Model 4310—Four-digit. Price: $165.
Standard features: ¢ BCD input 1-2-4-8 e algebraic comparison e
For low-cost iRuttkdetads dislays AP logic output . 2'amp. relay- cgntact e visual lamp |r'1d|cators e adjustable
offers 7-bar segmented displays with thumbwheel limit e fixed limit ¢ remote programming

COURTM, SRS RO | Sectder Griver. For the full story on what's new in digital instrumentation, ask for
Mounting hardware available for dis- g s
plays up to 14 digits. API Digital Products Data.

S Wescon Booth No. 1404-05
a I INSTRUMENTS CO.
Chesterland, Ohio 44026 . (216) 729-1611
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If Custer had
General Electric Computer
Time-Sharing Service...

. .. it might have
been Sitting Bull’s
last Stand.

Information
Systems
World Leader

In Time-Sharing
Service

With a terminal in his orderly room (you can put one anywhere), he
could have foreseen the disaster on paper and achieved a real
victory. Too bad he risked all on instinct alone. Fortunately, you
don’t have to take chances when you solve your business problems.

Whether your job is risk analysis (like Custer’s), product design,
sales forecasting or market research, if it involves tedious and costly
calculations, GE Time-Sharing Service can help you get the right
answers faster and easier than any other method. How? By offering
you immediate access to a problem-solving computer.

...It's easy to learn (GE does the training). It grows with you (we
have hundreds of ready-to-use computer programs). It's inexpensive
(you only pay when you use the service). And, it is from General

Electric, world leader in Time-Sharing Service,
already serving over 100,000 people like you.

More facts? Call toll-free: 800-243-0355 (In
Conn: Call collect 853-3600) or write General
Electric, Box 291-49, Schenectady, N. Y. 12305.
Outside U.S.A., write: Canadian GE Information
Systems Dept., 214 King St. West, Toronto 1,
Ont./Australian GE Pty. Ltd., 103 York St.,
Sydney, NSW 2000/European Information Service
Operation, G.E.T.S. Co., 42 Ave. Montaigne,

Paris 8e, France.

GENERAL @ ELECTRIC
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Would your family like it
if you took a job at Hughes in Califorr

It's easyt’b fi’hd out ) oy

Let s exchange resumes. . - /

Qurs includes a 126-pa§e
boak on Southern®California.”
Do you want to know about. -

living costs? Weather? Taxes?
Cultural advantages?

Want to know. how to pick a
hilltop homesite? How to catch
a shark? Whatto expect on your

LIVING IN

CALIFORNIA

THE NEW BOOK FOR NEW CALIFORNIANS

drlver S Iltense test? How much
n costs’ to build, a pool? How
readlng is tought in,the public
schools? '

It's all here, in a good book
about a good life. (You'll also
find California isn't mere tinsel
and glitter. Actually one-fourth
of America'sphysicistslive here.
So do one-fourth of the mem-
bers of the National Academy
of Sciences and almost half of
America'sNobel Prize winners.)

And of course Hughes has a
story too. You can imagine the
benefits of working with the men
who designed Surveyor, Syn-
com and dozens of other highly
advanced 'systems. We've
gathered lots of material for
you—facts on everything from
programs to fringe benefits.

If you're an E.E. from an accredited

university with 2 or more years of professional-
level experience applicable to aerospace
research and development technology,
please send us your resume.

We'll send you ours by return mail.

Mr. Robert A. Martin

Head of Employment

Hughes Aerospace Divisions

11940 W. Jefferson Boulevard
Culver City, Calif. 90230

U.S. citizenship is required

An equal opportunity employer—M&F.

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS



Who's got time to program this test?

Testing a wing section at speeds to Mach 4
is a complicated experiment. You need a
computer just to control the instruments and
keep up with the data they generate. But
most engineers haven’t got time to be pro-
grammers. So HP developed DACE —a data
acquisition and control executive designed
to get your computer system on the air in
minutes.

With DACE you can direct your system from
task to task in clock-controlled real time,

scheduling the parameters you want meas-
ured, converted, computed, compared, dis-
played, stored or controlled—in the order
you want. You can also interrupt through the
keyboard to query a value or change a para-
meter, without recompiling your program.

Ask your HP field engineer how HP systems
with DACE can shorten your test proced-
ures. Or write for our DACE bulletin. Hew-
lett-Packard, Palo Alto, California 94304;
Europe: 1217 Meyrin-Geneva, Switzerland.

il

HEWLETT w PACKARD

DATA ACQUISITION SYSTEMS

Electronics | August 4, 1969
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Six months ago, when we came out with
our Model 1410 op amp tester, we called
it “the most comprehensive, definitive, easy-
to-use tester on the market today.”

Which it was. And still is.

But: it couldn’t test comparators.

So now we’ve come out with a brand-
new tester. Which can test comparators.
And we call it—with a burst of poetry—our
Model 1420.

(The reason we don’t bother showing
the 1420 is this: it’s almost a look-a-like
for the 1410. Except it isn’t blushing.)

Like the 1410, our 1420 is a snap to
operate. You simply insert a program board,
and push a button marked “test.” Blink,
blink, blink: the machine runs through 14

“SEE US AT WESCON—
UNIT F”

154
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rugged tests.* And, if a device fails any one
of them, you know to what degree—because
a screen lights up to tell you in percentage
figures!

No fiddly knobs, no mysterious me-
ters. In fact, both testers are so easy to use,
a secretary can handle them. Any secretary.
Even yours.

If you don’t care about comparators,
the 1410 is your baby. (It'll handle 75% of
the linear IC’s around today.) Otherwise,
you want the new 1420, which takes care
of 90%. And if you opt for options, the
1400 series has a host: classification, data
logging, automatic handling, computer
calculated program values, 1% or 5% pro-
gram boards, environmental testing.

Signetics

MEASUREMENT | DATA

The
for both models,
ants are still grumbling.
Put these statements to the test...by
writing for specs, prices, addendum on the
whole Signetics line of testers. Better yet,
call collect to Marketing, Signetics Mea-
surement Data Division, (415) 961-9384,
for the name of our nearest distributor.
Please, please do it.
Otherwise, this ad will flunk.

price? So low
our cost account-

*The fearsome fourteen...l) power consumption over-
range (greater than 200% ), 2) power consumption (less than
200%), 3) offset voltage (source resistance zero ohms),
4) offset voltage (source resistance programmed), 5) + sup-
ply sensitivity, 6) — supply sensitivity, 7) common mode
rejection, 8) bias current, 9) offset current, 10) gain (pro-
grammed light load), 11) gain (programmed heavy load),
12) noise, oscillation, 13) + slew rate, 14) — slew rate.

[

Signetics, Measurement/Data, 341 Moffett Blvd., Mountain View, Calif. 94040/ A subsidiary of Corning Glass Works
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Facts.

The Mark 260 delivers

more of them...with less fuss, bother and
cost...than any other oscillograph

Facts start with accuracy.

And the Mark 260 is about as accu-
rate as you can get. We guarantee
992 %. So when you’re looking at the
chart of a Mark 260, what you see, is
fact. We owe it all to a fool-proof
position feedback system that en-
forces pen position all the way across
the chart. There are no springs, no
strings. Or any of the other tricky
mechanisms that you’ll suffer with in
other recorders.

Those traces you see are a lot more
than just accurate. They’re crisp and
clear and reliable from one edge of
the chart to the other. They won't
smudge or smear. (And you can chalk

that up to a patented pressurized ink-

you can buy.

writing system that puts the trace into
the paper and not just on it.)

You can forget about recalibration
problems, too. We took care of that
little nuisance at the factory. So change
those settings to your heart’s delight.
The Mark 260 will keep right up with
you. And save you piles of time and
piles of chart paper in the bargain.

That's what you get with a Mark
260. It's the go-anywhere, do-anything
6-channel recorder by Brush. At a
price per channel that will surprise
you.

More facts. Less fuss, bother and
cost.

Ask your Brush representative for a
demonstration. Or write for Mark 260

Q‘:Mbmsh MARK 280

Bulletin 942-2: Clevite Corporation,
Brush Instruments Division, 37th and
Perkins, Cleveland, Ohio 44114. We'll
include one of the most comprehen-
sive handbooks on signal conditioning
you’ll ever find.




Marketing axiom number1:

SELL

Chances are you or somebody in your company uses the
Yellow Pages regularly to buy supplies
or services you need to do business. A study of just
manufacturing firms alone proved 9 out of 10
buyers do. That’s why the Yellow Pages is such a good
place to reach business prospects with your
own advertising. Sell where you buy. It’s good business.
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For electrical contacts, as in medicine,

It pays
togoto a
specialist

A major operation requires a whole team

e

=
£33
ws,

of specialists. So too, it takes a team of
specialists to design contacts. Configuration,
materials, electrical performance, contact
design and manufacture is complex.
That's why Deringer believes it takes

100% concentrated effort to give

our customers the best in elec-

trical contacts, contact sub-

ST assemblies and assembilies.
Al Let Deringer be the doctor.
(g=> 2 Contact us today. Wel'll

& send one of our contact
specialists right away.

METALLURGICAL CORPORATION
7250 Town Line Road (Rt. 60) Mundelein, lllinois 60060
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“MOS. Now.

20 standard Philco types
are ready to ship from stock.

QOur line of §tandard production MOS integrated circuits Device Dascription
keeps growing broader every day. From our Lansdale
it : r pL4CO7C 7-stage binary counter
plant, one of t'he IargestIMOS facilities in the coupt y, you bLAGOTAC(1) Tittos Linkry 6ot
can now get instant delivery of many of the devices that
you’ll need for your next generation designs. For example: pL4G10C Hex 2 input NOR + 2 inverters
pL4G10AC(2) Hex 2 input NOR + 2 inverters
« Shift registers; including the Ionge'st (256 plts) ar3d pL4G11C Dual 4 input NOR -+ dual 5 input NOR
the fastest (SMHz clock) commercially available in pL4G11AC(2) Dual 4 input NOR + dual 5 input NOR
production quantities. pLAG12C Dual 9 input NOR
¢ ! : L4G12AC(2 Dual 9 input NOR
» Compatible gates, up to 2MHz clock, in a variety of & i e
configurations. pL4S16C 16 channel- multiplexer
« Binary counters . . . 16-channel sequential /random pateG buel S/15:0 e lICRIES
access multiplexer . . . 1024-bit dynamic read-only pL5R40C Dual 20-bit shift register
memory, prqgrarqmed to your bit pattern; off-the- pL5R100C Dual 50-bit shift register
shelf model is a sine look-up table.
pL5R96C Dual 48-bit shift register
Many more are being readied for production. When you pL5R128C Dual 64-bit shift register
want MOS now, we're the people to see. Write or call PL5R128AC(3) Dual 64-bit shift register
MOS Marketing, Philco-Ford Microelectronics Division, pLER250C 250-bit shift register
Blue Bell, Pa. 19422, (215) 646-9100. pL5R250AC(3) 250-bit shift register
e L pL5R256C 256-bit shift register
the better Idea peap/e I” MUS pL5R256AC(3) 256-bit shift register
pM1024C 1024-bit read-only memory

(1) Clock rate 500KHz
(3) Clock rate 5SMHz

(2) Clock rate 2MHz

PHILCO
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If all systems aren't“GO”

after the computers moved,

_you know who’ going to hear about it.

If you’d just as soon skip
a spicy conversation with the
Data & Systems people, have a
quiet one with Allied instead. %

Allied Van Lines has highly-
trained professionals who know
just how to move your
electronics equipment—safely
and on schedule.

And our Electronic Vans
are just as good as our personnel.
They have a special bracing
that keeps your computer from
shifting . . . an air suspension
system that soaks up jolts and
bumps along the way.

Call the highly-trained
Allied Agent in your area.

ALLIED VAN LINES

We make the kind of moves
you never hear about

Circle 159 on reader service rard




oure Invited.....

Dear Sir :

As an engineer, we’d like to introduce you to TDK’s High Density Ferrite. These
newly available series of Mn - Zn and Ni- Zn high density ferrites are 10 times more
void-free (less than 1% total void, intracrystalline and boundary).

Hard (Vickers 600) and adapted to precision machining, the new ferrites are superior
even to single-crystal ferrite where cost and magnetic properties (particularly radio-
frequency characteristics) are major concerns.

For single and multi-track magnetic head used in computers and the like, and also for
many other ferrite devices involving close-tolerance machining High Density TDK Ferrites
are the logical choice of every engineering designer.

We invite you to more closely examine TDK ferrites and other products at booth

5009 at WESCON ’69 (from August 19th. through the 22nd.)

Most sincerely,
2

Fukujiro  Sono

Y 1 o A .
W WGHDENSTY Z 1 W President
1,000p0wer (N7

\TE(Ni- PR Loy
L s e s i e il TDK ELECTRONICS CO

Wescon '69 at the Cow Palace, San Francisco, August 19-22
TDK Booth:5009, Science Systems and Communications area

Write to MH&W for full technical data and information on applications
Representative in US.A. & Canada for Ferrite Core for Communications TDK
MH&W INTERNATIONAL CORPORATION

280 Midland Avenue, Saddle Brook, N.J. 07662

Phone: (201) 791-6277 (212) 244-0695 TDAC RRL T R C N LD,
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In the power tetrode field we're defining the state of the
art by demonstrating intermodulation distortion better
than any other known tubes. In 1966 we introduced the
4CX1500B, a 1.5 kW tetrode with the highest linearity
then known: better than —40 dB 3rd order IM distortion.
Since then we produced the 4CX600J, a 600 watt tube
with —45 dB 3rd order IM products—without feedback—
and later a 5 kW tetrode with the same figure. Now the
latest tetrode in our program, a 15 kW tube, exhibits
—40 dB 3rd order IM products. We can show IM dis-
tortion improvements from 10 to 20 dB in a practical
quiescent plate current range.
Other tetrodes now under development will deliver
up to 40 kW with linearity as high as —45 dB
IMD, according to preliminary data. Such

oy
)’14; 5

performance advances are part of a

long range program employing
computer-assisted design
studies to optimize internal
tube geometry —all
part of our plan
to insure you get
state of the art
products every .
time you buy d"V'S‘?"
from Eimac.  °'varan
Contact your nearest
Varian/Eimac distrib-
utor or ask Informa-
tion Operator for
Varian Electron Tube
and Device Group.



all aur cystomers are huMMMing

Easy-to-use series MMM
microminiature connectors
with crimp

removable contacts

Choose:

57,9, 11, 14, 18, 20, 23,
26, 29, 34, 44, 50 and 75
contact sizes on .094 centers

We've added extra versatility to these connectors
by making them interchangeable with Continen-
tal’s Series MM-22 fixed contact type. Another
feature is the rugged, three-tine tension spring
clutch on both pin and socket contacts to pro-
vide maximum holding area between contact and
molded block.

ILLUSTRATIONS ACTUAL SIZE

T A b AR
. PIN AND SOCKET CONTACT

MMM5PSK PLUG
MMMS5SS SOCKET
WITH SCREWLOCKS

25MM50PS PLUG
25MM50S SOCKET
CENTER SCREWLOCK

For a complete 28-page catalog covering our
entire line of removable contact connectors for
solderless wiring, write
to Advertising Depart-
ment, Continental Con-
nector Corporation,
34-63 56th Street,
Woodside, N. Y. 11377.
Or phone (212) 899- &
4422 for immediate 3
action.

MMM75PSK PLUG
MMM75SS SOCKET
WITH SCREWLOCKS

For the Sales Representative Nearest You, See Our Listings in EEM and VSMF Directories.

CONTINENTAL[<=ICONNECTORS

CONTINENTAL CONNECTOR CORPORATION = WOODSIDE, NEW YORK 11377
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New Products

Aug. 4, 1969

Scopes to take product spotlight
when curtain lifts for Wescon '69

Tektronix stresses improved readout, flexibility in new line; H-P unveils
high-frequency model; Philips features low drift; Monsanto planning entry

It looks like the year of the oscillo-
scope. And nowhere will that be
more evident than at the Cow Pal-
ace in San Francisco where Wes-
con will be held Aug. 19-22.

Tektronix Inc. will display a com-
plete new family of scopes; the
Hewlett-Packard Co., moving into
the high-frequency end of the busi-
ness, will show its 250-megahertz
model [Electronics, July 7, p. 90];
Philips will exhibit a low-drift
scope; and the Monsanto Company
will talk about its entry into the
commercial-oscilloscope business
later this year.

The ubiquitous Tektronix type
545 oscilloscope, which is to be
found at enough laboratory benches
and test stations to make the com-
pany’s rivals gnash their teeth with
frustration, is about to become ob-
solete. In fact the whole line of
Tektronix scopes, under develop-
ment since the early 1950’s, will be
succeeded late this year by two
new series that embody a redesign
from the component level up. The
new series, with plug-ins and ancil-
lary gear, fall into four groups:

= The top-of-the-line 7000 series,
including two mainframes and four
horizontal and eight vertical plug-
ins;

= The non-plug-in series 5000,
embodied initially in a low-fre-
quency (1 megahertz), dual-beam
unit dubbed the R5030;

= Two cameras, the C-50 and
C-51, which automatically select
the proper shutter speed and f
number for a given ASA film speed
and scope luminance;

= Two probes—the 10X P6053,
with a rise time of 1.2 nanoseconds
or less, designed primarily for the
7000 series; and the slower, dual
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attenuation (X1 and X10) P6052,
designed primarily for low-fre-
quency scopes.

The top model, the 7704, will
sell for $2,500; the 7504, $2,000;
and the R5030, $1,850.

All of the new mainframes pro-
vide parameter readout, so that
Polaroid photos will carry their

own calibration. The 5030 has the
same type of fiber optic readout
that Tektronix introduced last fall
in the type 576 curve tracer [Elec-
tronics, Oct. 28, 1968 p. 149]. The
7000 series mainframes have a
time-shared cathode ray tube that
can display two traces and put the
parameters at the top of the screen

.Experiment on display. Tektronix 7504 oscilloscope displays two traces
during an experiment in light modulation at Pacific University.




Family gathering. The new line of Tektronix scopes includes
two mainframes, plug-ins, cameras, and probes.

as well for the viewer.

New meaning. With the series,
Tektronix introduces a new kind of
catalog code, in which every num-
ber refers to a characteristic of the
instrument. In the 7704 mainframe,
for instance, the first digit notes
that the scope accepts plug-ins,
the second refers to vertical band-
width (150 megahertz; the number
7 covers 150-300 Mhz), the third to
special features and the fourth to
the plug-in compartments.

In fact, Tektronix has gone to
great lengths to code the instru-
ments for easier understanding and
use. The front panel is color-coded:
salmon refers to current functions,
grey to voltage, green to triggering,
blue to mode, red to variables, and
yellow to special functions.

The new scopes do not offer any
spectacular improvement in per-
formance. “Our biggest objective
was to incorporate a number of
new ideas that we couldn’t put into
the old series,” says Oliver Dalton,
manager of the conventional in-
struments group. Readout was one
of those ideas; even more impor-
tant was system flexibility. “Previ-
ous instruments had only one plug-
in hole in the y axis,” says Dalton.
“Also, dual-trace scopes are big
sellers, but the customer had only
one or two dual-trace amplifiers.
Now he has a complete choice of a
combination of instruments, with
current and voltage plug-ins, high
speed, and increased sensitivity.”

Some of the new instruments
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outperform the old ones, but these
improvements were part of a na-
tural progression, Dalton says.
Tektronix could not advance too
fast and still serve its existing mar-
ket, for which the present instru-
ment line is obsolescent. The new
instruments are generally the top
end of a new line. “Functionally,”
Dalton says, “they replace all but
the storage scope—but because of
their relatively high price, they re-
place only the top of the line. In
the future, we will place emphasis
in three main areas: low price, new
measurement capability (or the
ability to make measurements
easier), and higher performance.”

Easy to use. The R5030 is a low-
frequency instrument, but its fea-
tures are in some ways as remark-
able as those of its stablemates. It
is a high-sensitivity (10 microvolt)
scope designed for use by techni-
cians not familiar with electronics
—in mechanical and biomedical
fields, for instance. The design
goals were maximum display area
and ease of operation, says Russ
Fillinger, head of the group that
designed it.

Because the scope operates at
only 1 Mhz, Tektronix was able to
use a big crt; it measures 6%
inches diagonally, and the grati-
cule divisions are 1.27 centimeters
wide, versus 1 cm on most scopes.
Almost 50% of the usable area of
the R5030’s front panel is taken up
by the crt face. “How many volts
it takes to move the beam across

the tace 1 a given amount of time
is mostly a matter of power,” Fil-
linger says. “I can find transistors
that can swing a large number of
volts; the 5030 takes 250 wvolts,
side to side. At higher frequencies,
we would have to do the same job
with 50 volts.”

More important to users not
trained in electronics is the fact
that the 5030 is triggered automati-
cally. A peak-to-peak trigger cir-
cuit senses plus and minus excur-
sions of the waveform and sets a
level control at the same range.
The circuit will trigger on either
positive or negative slopes. A mod-
ification of a Schmitt trigger, it is
contained in two integrated cir-
cuits built by Tektronix.

In house. Half of Tek’s manu-
facturing capacity is now devoted
to components, including IC’s. The
company builds all its own cath-
ode-ray tubes, metal printed front
panels, knobs and relays, three
kinds of switches—lighted push-
buttons, cams for multifunction
switching, and a new push-push
calibration switch—all printed cir-
cuit boards, coils, and special pur-
pose IC’s.

For the 7704, it developed a
power supply that does not use a
bulky iron coil transformer; in ad-
dition to saving weight (the unit
weighs about 10 pounds, com-
pared to 25 pounds for conven-
tional types), the new power sup-
ply operates at 70% efficiency,
versus 50% for transformer units.

These home-grown components
have given instrument design en-
gineers a great deal of freedom.
Logic signals for the plug-ins, for
instance, are generated by in-house
integrated circuits.

Both series of scopes are de-
signed for ease of use. The R5030,
for instance, can operate in a YT
mode, where the beam is driven
vertically against time, or an XY
mode; in the latter mode, all lights
go out on the time section of the
front panel, indicating that the user
no longer has control over the time
base. When a current probe is be-
ing used, none of the lamps on the
grey voltage section of the front
panel will light. The probes have
identity buttons, so that if more
than one is used, the proper trace
can be indicated.

Holds the spot. The instrument
has automatic focusing, to control
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spot size. The focus control and
intensity control pots are ganged
in opposition on a single shaft; as
grid drive increases, and tries to
increase spot size, the focus con-
trol tries to decrease it, so that the
spot size remains constant, while
the intensity of the spot may vary.

The 7000 series accepts vertical
and horizontal plug-ins on main-
frames that contain the power sup-
ply, the calibrator, the crt, and the
control circuits. Since the internal
amplifier is dual channel and elec-
tronically switched, the units can
combine two vertical channels. It
can take a real-time plug-in and a
sampling plug-in at the same time.
Tektronix anticipates that the two

new mainframes will be the start
of a whole new series of instru-
ments; for instance, it will bring
out a spectrum analyzer plug-in.
Deflection parameters are dis-
played by interrupting the trace in
bursts of 200 microseconds per
character. Characters are gener-
ated by five 65-mil square IC’s, 10
symbols to a die. Like many Tek
IC’s, they are totally dissimilar
from conventional character gen-
erators. Each die has 1,440 emit-
ters that serve as a coordinate
system to pick out the eight break-
points required to generate a
seven-stroke character. To trace
out the whole figure, instead of
producing a simple eight-dot dis-

play, Tek uses a resistive ladder
network connected to the bases of
the coordinate-forming transistors.
By properly biasing the network,
a point of maximum potential can
be made to propagate along it, the
position of which is controlled by
an external scanning voltage.
Truly dual. The two sets of ver-
tical deflection plates give true
dual-beam operation, in either an
alternating mode, in which the
beam makes one sweep for each
channel, or a chopped mode, in
which one small segment of each
channel is traced at a time.

Tektronix, Inc., P.O. Box 500,
Beaverton, Ore. 97005 [303]

Chopper network fights scope drift

Traces on oscilloscopes are notori-
ous drifters. Turn on a scope, cen-
ter its trace, and then let the in-
strument alone. The trace starts
moving slowly, usually impercep-
tibly, up or down until it’s finally
off the screen. The higher the sen-
sitivity setting, the faster the trace
disappears. Besides being annoy-
ing, this trace drift is a source of
error.

Traces float away because of the
drift of the d-c amplifiers that han-
dle the scope’s input. No such
charge can be lodged against the
two d-c amplifiers in the PM 3250,
Philips Electronic Instruments’
new dual-trace scope. A chopper-
controlled network steadies the
amplifiers to the point where the
scope, according to Philips, is vir-
tually drift free. By “virtually,”
Philips means that the 3250’s traces
move no more than a fraction of a
millimeter in 24 hours.

Drift is one thing the 3250 can
ill afford because of its sensitivity.
The maximum is 200 microvolts per
centimeter, and with this order of
sensitivity any amplifier drift would
send the trace flying off-screen.

When its sensitivity is in the
pvolt range, the scope has a 5-
megahertz bandwidth. If the se-
lected sensitivity is 2 millivolts per
cm or poorer, the bandwidth is 50
Mhz.
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Drift varies with sensitivity.
When the scope user picks 200
uvolts, the trace drifts 1 mm in 24
hours. When the setting is 2 mv,
the daily drift is 0.5 mm.

Because of its low drift, the 3250
doesn’t need any screwdriver ad-
justments for amplifier balancing.
Another control it doesn’t have is
“Astigmatism;” it’s not needed be-
cause Philips engineers made sure
that when the user changes the
beam intensity, he doesn’t throw
it out of focus too.

Fans are not found in the 3250
either. The scope, since it draws
only 50 watts, can cool itself by
convection. Credit for _the low
power drain goes to field effect
transistors and integrated circuits

Steady. Dual-

trace scope

drifts no more

than a fraction

| of a millimeter
| inaday,

. seldom requires
adjustments to

. rebalance

amplifiers.

used in the scope.

“Where other people are still us-
ing transistors, we have IC’s,” says
a Philips engineer, “and all the in-
puts have FET’s.”

A printed-circuit delay line ap-
plies a 50-nanosecond delay to in-
put signals instead of the 160-nsec
delay used in earlier vhf oscillo-
scope circuits. The shorter delay
means that pulse leading edges
can be displayed with minimum
distortion.

The 3250’s price is $2,175. A few
dozen scopes will be available this
year, but delivery of large orders
won’t begin until January 1970.
Philips Electronic Instruments, 750

South Fulton Ave., Mount Vernon, N.Y.
10550 [304]
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Show and tell.
Combination of
dvm and printer
comes in
portable or rack
configuration for
display and
readout of
repetitive
measurements.
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Printer, dvm in thrift pack

Free, one digital voltmeter with
every printer you buy. That, in a
sense, is the offer of Practical Au-
tomation Inc. Its PDM 611 is a 3%-
digit voltmeter combined with a
six-digit printer. The price of the
whole package is $550, about what
a printer alone usually costs.

Credit for the low price goes
solely to the printer. “The dvm is
just a standard unit, no different
than anybody else’s,” says Prac-
tical Automation’s Maurice Teich-
ner, “but I can turn out a printer
every 15 minutes. Except for the
screws, everything in it is stamped
or molded.”

Such talk could arouse questions

about the printer’s reliability. But,
says Teichner: “It’s as rugged as
any printer built; we’ll guarantee it
for half a million operations.”

In keeping with its image of
thrift, the PDM has no such frills
as automatic ranging and polarity
indication. In fact, a given instru-
ment has only one range and ac-
cepts inputs of only one polarity.

The PDM’s choice of ranges runs
from 0.1999 volt to 199.9 volts and
from 19.99 microamps to 199.9
milliamps.

Although Practical Automation
suggests sending the instrument
back to the factory for range-
changing, the company agrees that

Associative memory on a chip

One of the drawbacks of semicon-
ductor content-addressable or as-
sociative memories has been price.
Although custom devices have
been built, the memory cells were
on one device, and the associated
logic—word drivers, sense ampli-
fiers, and match detectors—each re-
quired separate chips. Signetics
Corp. has developed what it de-
scribes as the first integrated-
circuit associative memory avail-
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able as a standard product and
marketed at a reasonable price
[Electronics, Jan. 20, p. 44].

The company expects the mem-
ories to be used as an interface be-
tween low-speed main frame com-
puter memories and high-speed
buffer registers, addressing the
main frame memory through the
buffer. A typical application fore-
seen by Ury Priel, who designed
the devices, is the generation of

the job can be done by a tech-
nician. All that’s involved is chang-
ing two resistors, moving a ground
connection in the display-tube as-
sembly, and changing two-modules
in the printer.

The dvm’s accuracy is 0.1% =1
digit, and its stability is 0.2 times
the lowest digit per °C on the
lowest voltage and current range.
Meters set to one of the higher
scales have a stability of =0.02.
Overloads of 100 times full scale
don’t damage the meter, and the
60-hertz rejection ratio is 20 db.

The printer’s six columns con-
sist of two for index numbers and
four for data. Also printed on each
line is a decimal point.

The printer works either man-
ually or automatically. When the
user pushes the MANUAL button,
a pulse is sent to the print solenoid.
When the AUTO button is down,
the solenoid is fired after every en-
coding; the printer’s maximum rate
is three lines per second.

Also on the instrument’s front
panel are pushbuttons that reset
and advance the index. And for
those who don’t want an index,
Practical Automation has a PDM
with a four-digit printer; price of
this unit is $500.

The PDM comes in either a half-
rack package, in which the dvm
sits beside the printer, or in a port-
able package in which the printer
is on top of the meter. In a rack
mount, the PDM is 3% by 8 by 8%
inches; the portable package is a
bit larger.

Practical Automation Inc., Trap Falls
Road, Shelton, Conn. 06484 [310]

data lists. The content-addressable
memory can be presented a set of
indicators that serve to identify
the desired list, and have it
dumped from the main memory
into the buffer. The data can be
read out from the buffer possibly
10 times faster than it could be
from the main memory.

Two versions are available. The
S$8220 is intended for industrial
temperature ranges from 0° to 75°C
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and will sell for $13.31 in quanti-
ties of 100 or more; the S8222, de-
signed for the full —55° to 125°C
range, is priced at $32 each for lots
of 100 or more.

The two devices differ also in
their associate delay times and
power consumption. For the S8220,
the typical associate time—the time
required to detect a match or mis-
match answer, depending on
whether or not a like bit is stored
within the memory cell—is 20 nano-
seconds at 25°C and 5 volts. Maxi-
mum power dissipation is 590 mil-
liwatts at 25°C and 5.25 volts.

The S8222 has a typical associ-
ate time of 35 nsec under the same
conditions, but dissipates only 300
milliwatts maximum.

Both memories grew out of in-
ternal programs to develop ad-
vanced integrated subsystems, says
Thomas McCarthy, advanced digi-
tal products supervisor. And even
though each of the 90-by-100 mil
chips contains about 100 gates,
Signetics is describing them as
medium-scale integrated devices.
'They combine all the formerly sep-
arate logic with the memory cells
on one chip. Circuit structure is
based on transistor-transistor logic
designs, making the devices com-
patible with TTL and diode-transis-
tor logic input-output levels.

Each of the 8-bit arrays incor-
porates the addressing logic and

eight identical memory cells or-
ganized as four words, each two
bits long, expandable in both bits
and words by interconnecting a
number of the devices without the
need for additional logic.

The units can also perform
write-only and read-only functions.
Both are available in either a 16-
pin ceramic flatpack or a 16-pin

IC’s help simplify multimeter

Last March, the Data Technology
Corporation introduced at the IEEE
Show a 4%-digit voltmeter that
had two principal advantages—low
price ($695) and small size (3%
inches high and a half-rack wide).
Now the firm has put a 5%-digit
multimeter into the same package,
through extensive use of integrated
circuits and simplified design.

In making basic d-c measure-
ments, the model 370 is accurate
to =+=0.0025% of reading and
*+0.001% full-scale. Without any
options, it costs $2,400. In accu-
racy, the company says, the 5%-
digit machine that is closest has a
rating of 0.003% of reading, ==0.001
percent full-scale, and costs $3,150
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without options; in price, the clos-
est sells for $2,450, has an accu-
racy of +=0.005% of reading, ac-
cording to Data Technology Corp.

Seven options—including auto-

All in one. Content-
addressable
memory, including
the associated
logic, is on single
chip for high-speed
data retrieval tasks.

silicone plastic dual in-line pack-
age.

Typical readout time for the
S8222 is 35 nsec at 25°C and 5-volt
levels; write-in time under the
same conditions is 80 nsec. For the
S$8220; readout ‘time is 30 nsec and
write-in time is 40 nsec.

Signetics Corp., 811 E. Arques Ave.,
Sunnyvale, Calif. 94086 [307]

More to the inch.
Through use of
integrated-circuit
logic, versatile
51/-digit voltmeter
is built into a
\half-rack package.

ranging, a-c volts measurement
from one to 750 volts, ohms meas-
urement from 100 ohms to 10 meg-
ohms with a resolution of one mil-
liohm, and ratios to 0.99999:1—
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bring the model 370 price to a
total of $3,790.

Binary coded decimal outputs
and remote control are options that
cost anywhere from $150 to $500
in other 5%-digit multimeters;
these features are built into the
model 370 at the basic price.

Everything but the power sup-
ply for the 5%-digit machine is
newly designed, says technical di-
rector Stephen Ammann. Only six
circuit boards are used in the basic
d-c measuring machine, which
covers the range from 100 milli-
volts to 1,000 volts in five steps.

Calibrator
booster
reaches 1 kv

Over range of
10 hz to 110 khz

More muscle—<Calibrator,
at top, has 10 times

more range when connected
to the amplifier (shown with
its cover removed).

Who knows? The maker of your
a-c voltmeter says that, when set on
its 1,000-volt scale, the instrument
has an accuracy of 0.1%. How do
you check it? “Till now, there
haven’t been many calibrators that
could deliver 1,000 volts; and at
frequencies over 20 kilohertz, there
hasn’t been anything,” says Fred
Hanson, a design engineer at Hew-
lett-Packard Co.’s Loveland divi-
sion. But, thanks in part to Han-
son’s design work, things have
changed in calibration work.
About a year ago, HP introduced
the 745A, a calibrator whose maxi-
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Both transistor-transistor logic
and diode-transistor logic IC’s are
used, which helps reduce the unit’s
size, and so does the use of the
input amplifier as the integrating
amplifier. Two separate amplifiers
are normally required for these
functions, and Ammann says Data
Technology has eliminated a
source of drift, error, and cost by
combining these amplifiers.

For analog-to-digital conversion,
the model 370 accomplishes self-
zeroing by a feedback loop from
the integrating amplifier to the zero
detector, keeping all the instru-

mum output is 110 volts rms and
whose frequency range is 10 hertz
to 110 khz. Now the calibrator has
a helper. The new 746A amplifier
boosts the calibrator’s maximum
output to 1,100 volts rms and
doesn’t decrease the frequency
range. The amplifier’s price is $2,-
000 (the calibrator costs $4,500).

A pair of cables connects the two
instruments. One brings the cali-
brator’s output to the amplifier, and
the other carries feedback and logic
signals.

The T46A consists of a class A
amplifier whose gain is 10, followed

ment s amplifiers at the most re-
cent threshold to begin a new
reading. Thus, the effects of drift
on the amplifiers are cancelled
after each reading.

Ammann points out that the self-
zeroing feature eliminates the need
for elaborate temperature control,
such as Peltier cooling, to hold
down the temperature drift of the
input stages and the zero detectors.

Delivery time for small quanti-
ties of the model 370 is 60 days.

Data Technology Corp., 1050 E.

Meadow Circle, Palo Alto, Calif. 94303
[312]

by a buffer amplifier that is driven
by a pair of follower amplifiers.
Using a class A amplifier instead of
transformers, says Hanson, pre-
cludes the generation of meter-
mangling spikes.

All the voltage amplification is
done by the class A stage; the rest
of the circuitry boosts the output’s
current. When set between 100 hz
and 110 khz, the 746A delivers 63
milliamps; when below 100 hz, the
output is a linear function of fre-
quency. At 10 khz, the output is -
6.3 milliamps.

A resistive divider across the
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.. . circuit checks unit
during brief warmup . ..

746A’s output helps with the regu-
lation. It picks off 1/1,000 of the
output and sends this voltage back
to the calibrator where it’s com-
pared with a voltage proportional
to the voltage set by the user. The
error signal adjusts the calibrator’s
output.

The result of this feedback con-
trol is that the amplifier’s accuracy
is 0.2% from 10 hz to 20 hz, 0.05%
from 20 hz to 50 hz, 0.02% from 50
hz to 20 khz, and 0.05% from 20
khz to 110 khz. The total distortion
is 0.05%, and if the line voltage
changes 10%, the output changes
0.001%.

When voltages get into the kilo-
volt range, safety becomes a major
design consideration. The T746A
doesn’t have interlocks because,
says Hanson, “Interlocks are usu-
ally cheated anyway.” Instead, the
746A’s high-voltage areas have
plastic covers with holes big
enough for a probe but too small
for a finger.

The amplifier warms up in 30
seconds. During this time, a logic
circuit inside the amplifier checks
the instrument out. If everything
is alright, the circuit turns on the
calibrator and flashes a “ready”
light. Even then, the high voltage
isn’t available at the amplifier’s out-
put. For safety’s sake, the user
must push buttons, one on the am-
plifier and the other on the calibra-
tor to get the high voltage.

When the calibrator-amplifier
combination is set to the 1,000-volt
range, the output can be set in 1-
millivolt steps between 100 and
1,000 volts.

Specifications

(745A/746A combined)
Range Resolution
1 mv 0.1 to 1.1 mv in 1 nv steps
10 mv 1.0 to 11 mv in 10 nv steps
100 mv 10 to 110 mv in 100 nv steps
v 0.1 to 1.1 vin 1 uv steps
10v 1to 11 vin 10 uv steps
100 v 10 to 110 v in 100 uv steps
1,000 v 100 to 1,100 v in 1 mv steps

Load capability

1,000 pf or 50 ma on 1 mv to 100 v ranges
(50 ma allows 800 pf at 100 v, 100 khz)

1,000 pf or 63 ma on 1,000 v range (63 ma
allows 100 pf at 1,000 v, 100 khz)

746A operating temperature 0 to 55°C

Hewlett-Packard Co., Loveland Div., 815
Fourteenth St., S.W., Loveland, Colo.
80537 [314]
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Atec’s new

125 MHz

universal

counter/timer

measures

Frequency,

Time Interval,
Ratio, Period, gysite

Multiple Period, g bit

and
Totalizes. $850!

M 0234567

Afee.ine wm s

Atec's new Model 2000 offers more performance for less money
than any competitive instrument. Standard features include a 1
MHz crystal-controlled time base stable to one part in 108/day,
remote programming, and 1-2-4-8 BCD output. Options include
display storage, oven-stabilized crystal, and additional digits (to
seven). Modular plug-in design makes it simple to add options at
any time.

Input sensitivity is 10 mV (DC to 5 MHz) and 30 mV to 12.5 MHz.
Front panel height is only 13/ inches.

For complete specifications or a free demonstration, call your
local Atec engineering-sales representative, or write Atec today.

Alec,Inc.

1125 LUMPKIN STREET, HOUSTON, TEXAS ¢ PHONE (713) 468-7971
MAILING ADDRESS: P.0O. BOX 19426 « HOUSTON,TEXAS 77024

Visit Our Booth at Wescon—#1342

Circle 169 on reader service card 169



The first complete LS| Array Tester ever available commercially . . .

M NORTH AMERICAN'’S

LSI TEST
CONSOLE

try it at WESCON
BOOTH 1220

Circle 170 on reader service card

ECONOMICAL—opriced within the budget of companies testing only a
few different types of arrays;

VERSATILE—satisfies the needs of both the engineering lab and
the factory testing station;

BASIC—operated by factory personnel without the need for programmers;

SENSIBLE—provides complete, proven LS| testing, eliminating
the need for costly, prolonged development programs.

for information about pricing, operation and delivery, write or call:

North American Electronic Systems
DIVISION OF EDUCATIONAL COMPUTER CORPORATION
200 East Eagle Road, Strafford, Pa. 19087 = Phone: 215-687-2600




Op amp tester analyzes the no-go

For speed and high volume, go/
no-go tests are fine, but most of
the time engineers need to know
why the no-go signal flashes
thumbs down on a string of de-
vices. An added complexity is the
fact that devices like operational
amplifiers must be given a dozen
or more tests.

The Philbrick/Nexus Research’s
model 5104 automated op amp
tester is designed to answer the
speed/volume needs of quality
control and quality assurance and
give quick answers to the no-go
question through provisions for
fine tuning the test parameters
every time the op amp fails to
meet preset standards. In addition,
every step the tester makes, as well
as all of its test results, can be
picked off and used for data log-
ging, automatic running and han-
dling, binning, oscilloscope dis-
play—even computer control.

The model 5104 automatically
scans through 14 tests in about
two seconds. It takes on both bi-
polar and field effect transistor de-
vices and disregards their con-
struction, whether discrete, hybrid
or monolithic.

Analysis. The 5104’s automatic
testing is not only fast, it’s consid-
erate of the engineer who must
pick up the pieces when the no-go
light shines. Go or no-go decisions
are made after each test. Thus, if
an op amp fails test seven, say, the
5104 stops, the no-go lamp flashes,
and the test results are displayed
on a meter.

If he is in doubt, the engineer
can call up the standard for a go
indication with a “verify” button
beside the meter panel. This way
he can compare in engineering
units—volts, amperes, or decibels,
not percent readings as offered on
some machines—the actual with
the desired performance. At the
same time he can verify test con-
ditions to catch tester errors.

With the 5104 in this so-called
“hold” mode, a trouble-shooting
engineer can alter test parameters
to see what’s needed to make the
device pass muster. Load resist-
ance, common mode voltage, and
output voltage swing can be ad-
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justed, and the resulting meter de-
flections can give an idea of just
where the trouble is.

Although the 5104 would seem
tailored to outgoing inspection ap-
plications, it’s also designed for
incoming tests. Fresh from the fac-
tory, it’s equipped to check for
gain, oscillation, common mode
and power supply rejection, output
voltage swing, common mode volt-
age, input offset voltage and cur-
rent, input bias current, and cur-
rent drain without an input present.

There also are three extra but-
tons that increase the flexibility of
the 5104 to encompass almost any
desired test. These can be con-
nected to back panel terminals and
used to add any tests the user
might desire, or if multiplexed
testing is used, to slip several
added tests into the sequence of
operations.

If, for example, a slew rate meas-
urement is desired, it could be
wired into the 5104’s scanned test
sequence through one of these
push buttons. Then when the scan
button is pressed, slew rate would
be tested as part of automatic se-
quence. And like standard tests,
slew rate also could be done sep-
arately by pressing the button as-
signed to it.

Outputs. Performance indicators
also are piped to back panel ter-
minals. Meter voltage, polarity,
and scaling are available, making
for easy data logging with a rela-
tively slow printer, With this data
is a code identifying each particu-
lar test, and the op amp’s output

Inspection tool. Tester
not only screens out
substandard op amps,
but it helps quality-
control engineers to
determine why the
devices are failing.

itself in case it’s to be viewed on
an oscilloscope.

Outputs for a clock, go and no-
go indications, and a relay power
supply ease interfacing with auto-
matic handling equipment. And
for added tests there is an input
for the “advance” signal that the
instrument needs in order to move
to the next test.

A complete set of test selection
lines is piped out to the back and
would allow simple computeriza-
tion of the 5104. But about the
only value of computer control, the
company points out, would be to
allow fast selection among the sev-
eral tests available.

Philbrick/Nexus plans to sell
the 5104 for less than $4500, about
$2,000 below its nearest competi-
tion. The lower price is the re-
sult of taking advantage of the
modules already developed as part
of P/N’s product line. Also, P/N
uses a relatively low cost analog
meter instead of a digital readout
and binary-coded decimal outputs,
which would cost up to $1,000
more.

Slew rate isn’t included in the
standard package, partly because
P/N engineers figure that this is
an infrequently needed measure-
ment in the markets they aim to
serve—QC and QA—and partly to
keep the price down. A company
spokesman says $500 was cut from
the price by foregoing slew rate
measurement.

Delivery will take two months.

Philbrick/Nexus Research, Allied
Drive, Dedham, Mass. 02026. [309]
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IC’s slim flight-line meter

Hauling a bulky digital multimeter
from service point to service point
can become a taxing chore. And
small battery-operated multimeters
generally lack the accuracy and
versatility required in avionics and
computer testing.

Engineers at Lear Siegler’s Cim-
ron division had field and flight-
line engineers in mind when they
designed the model 6453 battery-
pack digital multimeter. The 41%-
digit multimeter with interchange-
able d-c and a-c measurement op-
tions weighs 10 lbs., and is 8¥4 by
3% by 12 inches. It measures d-c
and resistance with an accuracy of
+0.01% full scale, *0.01% of
reading at 23°C, =*=2 degrees. Ref-
erence stability using a compen-
sated zener reference is 0.01% for
90 days. Low level d-c measure-
ment down to 100 millivolts, op-
tional on other low-priced instru-
ments, is standard. Plus or minus
voltage is automatically displayed,
with autoranging for all functions.
The basic instrument at $985 in-
cludes five d-c ranges, 100 mv to
1,000 volts, with a 20% overrange.

Input resistance is high, 10,000
megohms at 10 volts. Common-
mode rejection is 120 decibels at
d-c, and 120 db up to 1 kilohertz.
The measurement rate is 1 or 4 per
second, with the rate selectable
through a front panel control.

An optional a-c converter costs
$245 and has four a-c measurement
ranges from 1 to 1,000 volts. Band-
width is 50 hertz to 100 khz with
maximum voltage ratings of 500
volts from 50 hz to 50 khz, and 250
volts from 50 khz to 100 khz. A-c

overrange is 10%. The tempera-
ture coefficient for a-c measure-
ment is #0.002% and input imped-
ance is 1 megohm *+=5% shunted
at 100 picofarads. Absolute accu-
racy at 25°C =5 degrees is 0.2%
full scale at 50 hz to 20 khz; 0.5%
full scale at 20 khz to 50 khz; and
1% full scale at 50 khz to 100 khz.

Five ranges of resistance meas-
urement, from 1 kilohm to 10 meg-
ohms, can be added to the model
6453 as a $185 option. An optional
remote printout, using diode-tran-
sistor logic and selling for $175,
makes the instrument compatible
with systems applications. All
front-panel control and display
functions of the model 6453 are re-
motely programable.

The meter operates at 105 volts
to 125 volts a-c, 60 cycles or 24
volts d-c. The battery pack, which
has the same dimensions as the
multimeter, is mountable beneath
the multimeter case or can be car-
ried separately. Four rechargeable
6-volt, 8-ampere-hour lead-oxide
batteries supply d-c power.

Heavy-duty bonding automated

High-power semiconductor devices
require special considerations in
wire bonding. Ultrasonic bonding
is normally employed, and the
large-diameter wire is often bonded
to the power transistor or silicon-
controlled rectifier die by a hand-
held ultrasonic horn. Wire cutoff
is frequently done manually. But
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with the increasing demand for
power devices, and particularly
multi-chip power circuits, there is
a need for automating the bonding
process, says William Hugle, pres-
ident of Hugle Industries, Inc. His
company will try to fulfill that need
with its newly developed model
1350 heavy-mil bonder.

Traveler. Compact
multimeter is port-
able and can be
powered by a battery
pack in field
operations.

Company engineers say ex-
tended d-c battery pack operation
is made possible through use of a
Digivac phosphorous display tube
that operates on 24 volts, with only
1% volts on the cathode.

Approximately 80% of the instru-
ment’s circuits are monolithic IC’s,
and the rest are hybrid thin-film as-
semblies.

The number of calibration ad-
justments required has been re-
duced 50% over comparable units
through the 